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AEROB^CBMEIST 

The Central Society for Clinical Research and The C. V. Mosby Company 
have entered into an agreement which provides that The Journal or Labora- 
tory and Clinical Medicine will be published as the official publication of the 
Central Society for Clinical Research. Beginning with Volume 32, this issue, 
the Central Society for Clinical Research will assume editorial direction of the 
Journal. 

The Board of Editors will consider for' publication manuscripts which 
record original contributions in the broad fields of clinical investigation and 
clinical pathology. A “Methods” section will be retained- The works of 
all authors are invited; society affiliations will not prejudice or influence edi- 
torial decisions. The current practice of providing prompt publication of 
articles accepted by the Board of Editors will be continued. 

Many of the papers which will appear in the first three issues were ap- 
proved by the former editorial board. 
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METABOLIC FUNCTION OF PTEROYLGLUTAMIC ACID AND ITS 
UEXAGLUTAMYL CONJUGATE 


I. Hematologic and Urinary Excretion Studies ox Patients 
With Macrocytic Anemia 


Frank II. Betiiell, M.D., Muriel C. Mevers, M.D., Gould A. Andrews, M.D., 
Ann Arbor, Micii., and Marian E. Swexdseid, Ph.D., Orson D. Bird, Pii.D., 
and Raymond A. Brown, Pii.D., Detroit, Mich. 


T HE properties of folic acid as a hematopoietic factor differentiate it clearly 
from both the dietary extrinsic factor and the antipernicious anemia prin- 
ciple contained in refined liver extracts . 1 Since folic acid occurs in foods 
almost wholly in conjugated form . 2 it is pertinent to compare the hemato- 
poietic responses of suitable patients with macrocytic anemia following the 
administration, in sequence, of the vitamin in the bound and free states. Fur- 
thermore, an estimate may be obtained of the ability of such patients to re- 
lease the vitamin from its conjugate by determinations of the urinary excre- 
tion of the free material after the oral administration of the conjugate. 
Because the terminology applied by different authors to folic acid and related 
compounds is variable and confusing, the free vitamin, folic acid, henceforth 
will be designated by its chemical name, pteroyl glutamic acid, and the conju- 
gate used in these studies will he referred to as pteroylhexaglutamylglutamic 
acid (hexaglutamvl conjugate ). 2 Another conjugate of pteroylglutamic acid 
has been isolated by Stokstad and co-workers 4 and termed the fermentation 
Lactobacillus casei factor or pteroyltriglutamic acid. 

In a previous communication 3 we reported that a naturally occurring 
conjugated form of folic acid was not as effective as the free vitamin in pro- 
ducing hematopoietic responses in two patients with pernicious anemia in 
relapse and in one patient with macrocytic anemia following subtotal gastrec- 
tomy. Observations leading to a similar conclusion have been described by 
Welch and associates/' At this time we shall present additional data pertain- 
ing to the utilization by patients with pernicious anemia and related macro- 
cytic anemias of the hexaglutamyl conjugate as evidenced by their hemato- 
poietic responses and the urinary excretion of the free vitamin after adminis- 
tration of the conjugate. These studies were initiated by the consideration 
that in pernicious anemia there is an apparent deficiency of the vitamin, 
pteroylglutamic acid, which cannot, in most cases, he explained by dietary 
inadequacy. 

The specific disturbances of erythropoiesis (namely, megaloblastic pro- 
liferation and defective maturation) which characterize many of the maero- 
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cytic anemias have suggested that a common functional derangement was 
operative in their production. This concept was greatly strengthened by the work 
of Castle and associates 7 who demonstrated convincingly the essential role played 
by diet and by gastric secretion in the maintenance of normal human erythrocyte 
formation; it received additional support from the observation that a single 
form of therapy was generally effective in macrocytic anemias of widely vary- 
ing clinical background. As a consequence, most studies bearing on the 
etiology of clinically encountered or experimentally produced macrocytic 
anemia were concerned with attempts to relate the condition under observa- 
tion to deficiency of a gastric (intrinsic) or a dietary (extrinsic) factor or to 
some disturbance in the absorption or utilization of the product of their inter- 
action . 8 Although this theory appeared to be generally consistent with factual 
observations, its universal application was made difficult by the accumulation 
of evidence that some cases of macrocytic anemia, particularly those asso- 
ciated with nutritional deficiencies and pregnancy, failed io respond ade- 
quately to parenteral administration of concentrated liver principle but showed 
reversion to normal erythropoiesis when cruder preparations of liver were 
given either by oral or parenteral routes or when autolyzcd yeast was admin- 
istered by mouth. The existence of a hematopoietic substance in crude liver 
extracts and yeast, other than the nntipcrnicious factor present in purified 
li'T-r extracts, was first postulated by Wills and Evans . 9 They concluded from 
controlled observations that lack of this substance was responsible for their 
cases of tropical macrocytic anemia as well as for an experiment ally produced 
macrocytic anemia of monkeys 10 and suggested that a similar deficiency in 
sprue might result from failure of absorption. They identified the substance 
tentatively as a part of the vitamin B complex and pointed out that it differed 
from dietary extrinsic factor if the hematopoietic activity of the latter, in ac- 
cordance with the theory of Strauss and Castle , 8 was limited to a role in the 
formation of the liver principle. 

Day and associates 11 recognized independently in monkeys a macrocytic 
anemia prevented or cured by administration of yeast or liver extracts. They 
named the curative factor in these materials vitamin M . 12 More recently, Day 
and co-workers 13 and also Wilson and associates 11 showed that the deficiency 
syndrome in monkeys could he successfully treated with purified L. casci factor 
(pteroylglutamic acid). Hogan and Parrott 15 were the first to describe an 
anemia resulting from a dietary deficiency in chicks. They designated the 
hematopoietic agent vitamin B c . Vitamin B c was subsequently isolated 10 and 
now has been shown to be identical with pteroylglutamic acid . 3 A similar 
nutritional, deficiency characterized by leucopenia and anemia has been pro- 
duced in rats largely as a result of the work of Daft, Scbrell, and their 
associates . 17 

An analysis of the literature dealing with the relative effectiveness of 
refined liver extracts and cruder preparations of liver, whole liver, or auto- 
yzed yeast m the treatment of human macrocytic anemias was recently pub- 
is e y f atson and Castle . 18 These workers reported four cases of ntitri- 
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tionnl macrocytic anemia. In three of the patients there was no response to 
pnrenterallv administered liver extract in dosages effective in the treatment of 
addisonian pernicious anemia, hut there mere good hematologic and clinical 
results when a liver extract was given by mouth. In a fourth patient a re- 
sponse was obtained only when the parcntcrally administered dose of liver 
extract was increased ten times. They recognized the presence in crude liver 
extracts and autolyzed yeast of the hematopoietic substance, described by 
AYills and Evans , 0 and suggested for it the designation of “Wills’ factor.” 

The observations of Wintrobe 10 on the effects of brewers’ yeast on erylhro- 
poiesis in pernicious anemia support the view that patients with this disease 
may be able to utilize some substance other than the “liver principle.” Earlier 
investigators, to whom Wintrobe refers, demonstrated the effectiveness of 
yeast, usually given in autolyzed form in the treatment of some cases of per- 
nicious anemia, but Wintrobe first seriously questioned the validity of at- 
tributing the hematopoietic effect of yeast exclusively to its extrinsic factor 
content. His data reveal the variability of responses by patients with per- 
nicious anemia to the administration of yeast. 

With the demonstration by several groups of investigators of the effec- 
tiveness of pteroylglutamic acid in the treatment of pernicious anemia and 
other macrocytic anemias , 20 ' 24 it appeared probable that the activity of crude 
liver and yeast in the studies referred to previously was due to their content 
of pteroylglutamic acid in free or conjugated form. 

Earlier observations on the therapeutic effectiveness of pteroylglutamic^ 
acid in human anemic and leucopenic states were handicapped by lack of 
availability of the vitamin in pure form or in relatively concentrated amounts. 
Thus, the inconclusive or negative results obtained by Sharp and associates, 21 ’ 2S 
Castle and co-workers , 27 Yilter and Spies , 28 and Moore and associates 22 may be 
attributed to administration of too small amounts of effective material, as sug- 
gested by Sharp, or to the use of material in a form not readily utilizable by 
persons with pernicious anemia. 

CLINICAL MATERIAL AND EXPERIMENTAL PROCEDURE 

In the course of this study data were secured from nine patients with 
addisonian pernicious anemia in relapse and four with other macrocytic 
(megaloblastic) anemias; of these, two followed gastrectomy, one was prob- 
ably on a nutritional basis with some features of the nontropieal sprue syn- 
drome, and one was associated with chronic diffuse liver disease. Data were 
also obtained on the urinary excretion of pteroylglutamic acid by three pa- 
tients with pernicious anemia in liver extract-induced remission. All patients 
with pernreioiis anemia fulfilled the diagnostic requirements of maeroevtic 
anemia with characteristic morphologic changes in the peripheral blood, 
megaloblastic, marrow hyperplasia, achlorhydria persisting after parenteral 
administration of histamine, and ultimate hematopoietic response to treatment 

vith either pteroylglutamic acid or the intramuscular injection of refined liver 
extract'. 
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Hemoglobin and hematocrit determinations and cell counts were made at 
regular intervals, using oxalated venous blood, and reticulocyte percentages 
were obtained daily throughout, the period of observation on all patients in 
relapse. The urinary excretion of pteroylglutamic acid was determined by 
microbiologic assay using L. casei." No evidence was obtained of the excretion 
of the conjugated vitamin as such. While studies were being carried out, the 
subjects were given a low protein, meat-free diet of adequate caloric value. 

The procedure employed in performing the clinical studies, with some in- 
dividual modifications, was as follows. Urine collected and suitably preserved 
during the first twenty-four hours of study was used for the quantitative 
determination of urobilinogen. 2 ® Subsequently, for at least two days, the 
urinary output of pteroylglutamic acid was measured while the patient re- 
ceived the standard diet without medication. A yeast concentrate supplying 
known amounts of hexaglutamyl conjugate was then given daily for varying 
periods up to fourteen days, followed by the administration of synthetic 
pteroylglutamic acid 30 ’ 11 in a dosage equivalent to that of the vitamin present 
in the conjugate. In one case a period of conjugate administration was fol- 
lowed by one in which the same yeast concentrate was given after incubation 
with a specific enzyme capable of liberating the vitamin from its bound form. 
The properties of the hexaglutamyl conjugate are described in the accompany- 
ing communication in which are reported the results of urinary excretion 
studies on normal individuals . 32 

CASE REI’OUTS AND EXPERIMENTAL RESULTS 

I. Hematopoietic Responses of Patients With Macrocytic Anemia Following the 
Administration of Conjugated and Free Pteroylglutamic Acid 

Case 1. — H. W., a 63-year-old white man, fulfilled all diagnostic criteria of pernicious 
anemia and had had the disease for approximately four years. Although the anemia was 
severe the patient appeared to be in fairly good nutritional state, was ambulatory, and 
had no complicating conditions. He complained of numbness and tingling of the extrem- 
ities but had no disturbance of gait and no objective signs of central nervous system de- 
generation. During the preliminary period of observation and diet standardization it 
became advisable to give the patient a transfusion because of extreme weakness and pro- 
gression of anemia. Accordingly, 500 c.c. of whole blood were administered and subse- 
quently he was given daily a yeast concentrate containing the equivalent of 4 mg. of 
pteroylglutamic acid as hexaglutamyl conjugate. After he had received this material for 
ten days with no hematopoietic response, treatment was changed to synthetic pteroylglu- 
tamic acid in a daily oral dose of 4 milligrams. The hematologic data obtained on this 
patient are shown in Table I. 

Case 2 . — N. J., a 56-year-old white man, was first admitted to the Simpson Memorial 
Institute in 1936, when the diagnosis of pernicious anemia was made and lie responded in 
the expected manner to the parenteral administration of liver extract. During the inter- 
vening ten years the patient had received liver therapy very irregularly and none had 
been taken for several months prior to the present admission. The diet appeared to be 
adequate particularly with respect to protein from animal sources. There were no sub- 
jective or objective manifestations of nervous system involvement. The patient was not 
given a transfusion, and after a preliminary period without treatment ho was given the 
hexaglutamyl conjugate in a dosage equivalent to 4 mg. of the free vitamin. A small 
increase in reticulocytes occurred which, since this patient at the same time showed a 
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Table 1. Hematologic Data ox Cask 1, II. IV. 
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— 
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3/17/46 

PGA. 4 nig. 

1 

-- 
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1.4 
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PGA, 4 mg. 
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2.1 

____ 
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2.S 



3/24/46 
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, 



3.2 



3/25/46 

PGA, 4 nig. 
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7.1 



3/26/46 

PGA, 4 nig. 

10 

1.3 

4.2 

16.0 

9.3 
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3/27/46 

PGA, 4 mg. 

11 







7.1 


3/2 S/4 6 

PGA, 4 mg. 
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S.2 


3/29/46 

PGA, 4 mg. 
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3/30/46 

PGA, 4 mg. 

14 
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Table II. Hematologic Data ox Case 2, X. J. 
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3.7 

3~300 


7.400 








8 


BETHELL, MEYERS, ANDREWS, SWENDSEID, BIRD, AND BROWN 


slight rise in unnary excretion level of pteroylglutamic acid, probabij- indicates some 
abihtj' to liberate and utilize the conjugated form of the vitamin. During the second part 
of the experiment the patient received the same yeast concentiate in identical dosage but 
previously incubated with a specific conjugase domed from hog kidney. This enzyme has 
been shown to liberate pteroylglutamic acid fiom the hexaglutamyl conjugate.^ The quan- 
tity of hog kidney tissue employed and the method of preparation of the conjugase- 
eontaming extiaet were such as to lendei it extiemely unlikely that any response could 
be attributed to the presence of antipcrmcious substance in hog kidney. A suboptimal 
but definite leticulocjte rise occuircd during adininistiation of this material, togethei with 
a substantial meiease in erj tlirocv tes and hemoglobin and decided clinical improvement. 
Hematologic data obtained on this patient are presented in Table II. 

Case 3. — H. P., a 63 > ear old white man, underwent subtotal gastrectomy for ndeno 
carcinoma of the stomach three 3 cars befoie the present admission. Approximately seven- 
eighths of the stomach was removed. Theie weic no evidences of mctn«tases at the time 

Tabi.e III Hematologic Data ox Case 3, II, P. 
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7 
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, 
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9 




1.0 
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of the operation or later. Gradual development of weakness and fatigability occurred 
about one and one-half years before the current admission. Although the dietary habits 
were modified by the necessity of taking frequent small meals, largely in order to avoid 
srmptoms of postgastrectomy hypoglycemia, the quality of the food was not restricted 
and, since the patient had received detailed dietary instructions following the operation, 
the'diet may be assumed to have been somewhat better than the nverage for a person of 
his age and" economic status. The patient’s symptoms were attributable to the anemia 
and physical examination was negative except for pallor and moderate underweight. The 
urine was negative except for 1 plus protein nnd the stool examination revealed no occult 
blood and no evidence of parasitism. This patient received yeast concentrate supplying the 
hexnglutamvl conjugate in a daily dosage equivalent to 2.3 mg. of the free vitamin for eight 
days with no hematopoietic response. Subsequently he was given synthetic pteroylglufamic 
acid in the same dose. There uas only a slight increase in reticulocyte percentage but a defi- 
nite rise in erythrocytes and hemoglobin. Hematologic data are shown in Table III. 

Case 4. — E. B.. a 70-yenr-old white man, fulfilled the diagnostic criteria of pernicious 
anemia and had had symptoms for approximately two years. The diet had been deficient 
particularly with respect to meat and vegetables, but the patient liad included in his aver- 
age daily intake six slices of bread, one egg, and one quart of milk. He had lost about 
7 pounds during the eight months preceding the admission to the hospital. He had no 
gastrointestinal complaints other than moderate anorexia. Numbness and tingling of the 
feet with some difficulty in walking in the dark had been present for three months. The 
only objective neurologic abnormalities were moderately increased deep TOflexe? of upper 
and lower extremities, bilateral, and slight impairment of vibratory sense in the feet. 
Treatment with yeast concentrate supplying hexaglutamyl conjugate in daily dosage equiv- 
alent to 5 mg. of pterovlglutamic acid was carried out for eight days with no hematopoietic 
response. Since other metabolic studies were performed subsequently on this patient, it 
was not possible to demonstrate an initial response to administration of the free vitamin 
alone. However, for three months the patient has received pterovlglutamic acid. 5 mg. 
daily by mouth, without other medication, and during this period the blood values reached 
normal levels and remission has been well maintained. Hematologic data obtained on 
this patient are shown on Table IT. 


Table TV. Hematologic Data ox Case 4, E. B. 
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to 5 mg. 

8/11/46 
8/12/46 
S/13/46 . 

PGA 


4 

6 (0) fi 5.1 

1 
2 

3 

4 

5 

6 


17.0 2.5 5,100 

1.6 

2.3 

1.4 

1.5 

16.5 2.0 5,200 

2.4 .1 

O.S 

4.7 

3.1 

3.4 

2.5 

16.5 2.S 5.600 


Case 5. G. L., a 76-year-old white man, complained chiefly of diarrhea and swelling 
of the legs. Beginning about four years prior to admission to the hospital the diarrhea at 
irst had been periodic, but for the last five months it had been constant with from three 
o six watery yellow stools each day. Swelling of the legs had been present and had 
? r< ^fa CSS£! ^ f ° r more tiian one year. Weakness, ease of fatigue, and dyspnea on exertion 
ia eveloped over a period of five years, and during this time the patient noted numbness 
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and tingling of tlie lower extremities, ataxia, ami ft binning .sensation in bis feet. Periodic 
soieness of the tongue had been present for about one yean He also complained of burn- 
ing and itching of the eyes. The diet was grossly inadequate, consisting chiefly of bread 
and potatoes. The patient prepared his own food and bought one-half pound of hamburger 
each week. No other meat was taken and the diet contained very little milk, eggs, green 
vegetables, oi fruit. His appetite was poor and the patient’s weight had decreased from 
a maximum of 155 pounds to .117 pounds on admission and 100 pounds after diuretic therapy. 

Examination revealed the following signs: severe emaciation; dry, .shiny skin 
with many follicular heiatoses and irregular areas of brownish pigmentation; vascularizing 
keiatitis and corneal opacities; ilssuies at the angles of the mouth; a smooth, magenta 
tongue with some fieiy led aieas; and other evidences of riboflavin and nicotinic acid 
deficiency. There was generalized arteriosclerosis. The blood pressure vvas 108 systolic 
and 70 diastolic. The heait findings vveie not abnormal and the lungs vveie deal except 
for ifiles at the bases. The abdomen was negative. Pronounced pitting edcum of the 
lovv-ei extremities was piescnt bilateially. Knee and ankle jerks vveie not elicited, vihra- 
ton sense was absent below the knees, and sense of motion and position was impaired. 
There vvas calf muscle tenderness and light pressure over the toes elicited a sensation 
of burning. 


Tabu: V. Hematologic Data on Cask 5. G. L. 


DATE 

; 

tkevtment I 

DAY j 

! K.B.C. ' 
| X 10G I 

| HEVIO- 
Gt.OBIN j 

1 (o'f.) 

1 11 KM A- ; 
TOCI1IT 1 

1 (7c) | 

1 HF.TICB- 1 
| I.OCVTKK j 
! (%) 1 

[ vv.n.r. 

S/19/46 

None 

i 




0.3 


8/20/46 

None 

*> 





1.0 


S/21/46 

None 

3 





0.3 

. 


S/22/16 

S/23/46 

S/24/46 

8/25/46 

S/26/40 

S/27/46 

S/28/46 

S/20/46 


Conjugate 
equivalent 
to 3 mg. 
PGA 


4 (0) 

1 

o 

3 

4 

5 
0 


2.4 


0.4 20.5 


2.8 


10.0 31.3 


0.5 

0.6 

0.7 

0.0 

1.5 
1.3 

2.6 

2.0 


5,100 


,100 


Macrocytic anemia of moderate degree was present. Sternal marrow aspiration re- 
vealed increased and disouleied erythiopoiesis with numerous megaloblasts. Histamine 
refractory aehloihjdua and absence of pepsinogen wore demonstrated. Total sciuni pro- 
teins weie 6.5 Gm. per 100 c.c. with albumin globulin latio of 1.6. All other laboratory 
examinations including hepatic and renal function tests gave essentially normal results. 
Roentgen study of the gastrointestinal tract revealed profound small bowel dysfunction. 
“At no point in the couise of the small intestine enn one find normal bowel pattern. 
Irregularity of lumen width is pronounced. ‘Puddling’ of barium is equallv obvious.” 
(Dr. F. J. Hodges.) 

This patient leceived the same yeast concentrate as those discussed previously sup 
plying the hexaglutamyl conjugate in a daily dose equivalent to 5 mg. of ptoroylglutaniic 
acid. Duung an eight day period of conjugate administiation little evidence of n reticulo- 
cyte response was noted although a significant liieiease in ciythrocytcs and hemoglobin 
occurred (Table A r ). Moieover, as will be shown later, the patient excreted a relatively 
large amount of free vitamin duung administiation of the veast concentrate. Although 
this patient obviously suffered with multiple nutiitional deficiencies and small bowel dis- 
ease, it is not possible to exclude addisoman pernicious anemia in view of the achylia 
gastrica. How-ever, his failure to improve over a peiiod of thiee months, with persistence 
of anemia, diarrhea, eye and tongue changes, and furthoi weight loss, strongly suggests 
that the pathologic process is quite distinct fiom that iesponsible for pernicious anemia. 
Little or no improvement has followed theiapy with pteioylglutamic acid in daily doses of 










pti RO\M« i*rT \mic Arm it^ urx v<»hin \m\Ij conmh«ati,. i 

1.-, me. by oral and parenteral route* of administration, large dose* of refined and crude 
liver extract* In intramuscular and intravenous injection, and tin* intravenous ndmim* 
t ration of pin-mu and vitamin 11 fraction*. The nervous 'Went manifestation* in tin* 
ea«c are not severe and may he entirely aUnbutalde to peripheral none disease. There 
i* no evidence of active infection to explain the failure of response to «pecifir therapy. 

q vse g G \V , a 74 year old white item, developed symptom* of aneinrt *ix year* prior 

to admission to the hospital He wa* treated with ni]oetions of liver extra<t and improved, 
but treatment became increasingly irregular Numbness and tingling of the feet had been 
present for eighteen month* and periodic burning of the tongue for *ix months Weakness 
gradually became so severe that he wa* unable to leave hi" home. Although hi* appetite 
had been poor for three month* and lie had lost about 10 pounds during tin* period, the 
diet did not appear to be qualitatively seriously deficient. The patient was fairly well 
nourished but extremely pale. The tongue was smooth with reddening along the lateral 
margins Patellar reflexes were diminished and vibratory *cn*e vva* absent over the left 
foot and ankle, elsewhere over the lower extremities it wa* greatly decreased. In other 
respects the physical findings were essentially normal. The results of laboratory studies, 
including achlorhydria and megaloblastic marrow reaction, were characteristic of per 
nieiou* anemia Tin* man received a yea*t concentrate differing from that given to the 
patient* previously discussed in that by in vitro test it possessed only one seventh a* much 
eonyugase inhibitor activity. It has been shown by Bird and associates'” th it yea*t 
extracts contain a strong inhibitor for pteroylhexnglutaniy Iglutaivnc and coinuga*e and 
that this inhibitor is gradually removed during fractionation of yeast extract in the prepa 


T VBr e VI Hrvt vTor ontc I) vt \ ox C vsr 6, G. V . 




t 


HFMO j 

liFVIV | 

■ r.ETICL I 




| 

KB C 

j GlOBIX 

TCCP.IT ! 

1 LOCVTES | 


PVTE 

TKE VTMP\T 

j D\\ 

y I0*- | 

! (CM.) 

<91 > I 

1 (%) j 

U.B C 

10/ 7/46 

None 

i 

1 S 

7 1 

21 0 

0 3 

4,950 

10/ 8/46 

None 

2 





_____ 

0 4 



10/ 9/46 

None 

j 







0.4 



10/10/46 

None 

4 





06 



10/11/46 ") 


5(0) 

l.S 

0 5 

22 0 

0.2 

.3,100 

10/12/46 


1 




0 3 


10/18/46 


2 





0 2 


10/14/46 


s 





04 


10/15/46 


4 





0.1 


10/16/46 


5 






0 2 


10/17/46 

10/1S/46 

10/19/46 

10/20/46 

10/21/46 

Conjugate, 
with low 
eonjugase 
. inhibiting 

activ lty , 
equn alent 
to 4 mg 

PGA 

h 

7 

s 

.0 

10 

17 

64 

21 0 

05 

1 4 

25 
.3 1 

91 

4/350 

10/22/46 

10/23/46 

10/24/46 

n 

12 

13 

1 9 

T *> 

1 k 

24.0 

116 

16 2 

99 

.3,550 

10/25/46 

14 

2 3 

S 2 

28 0 

7.9 

6,250 

10/26/46 


15 




3 3 


10/27/46 


16 




99 


10/2S/46 


17 






10/29/46 


18 




2 S 


10/30/46 


19 




1 0 


10/31/46. 


20 




2 8 


11/ 1/46 

PGA, 4 mg 

21(0} 2 4 

S3 

20 0 

3 4 

3,950 

11/ 2/46 

PGA, 4 mg 

1 



9 7 

11/ 3/46 

PGA, 4 mg. 

2 




2 0 


I If 4/46 

PGA, 4 mg. 

3 






11/ 5/46 

PGA. 4 mg. 

4 




1 9 

~ ‘ 

11/ C/46 

PGA, 4 mg. 

5 




l.S 

0 s 


11/ 7/46 

PGA, 4 mg. 

6 




* 

11/ S/46 

PGA, 1 mg 

7 

2 S 

9.1 

32 5 

1 0 

%000 
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ration of pure conjugate. A hematopoiotie response was obtained during administration 
of tliis 3-east concentrate supplying as conjugate the equivalent of 4 mg. of pteroj’lglutamic 
acid daily. No second reticulocyte increase followed the oral administration of the same 
dose of the free vitamin (Table VI). 

Case 7. — T. K., a 69-year-old white woman, fulfilled all diagnostic criteria of pernicious 
anemia and had first experienced symptoms of anemia fivo months previously. Numbness 
and tingling of the feet had been present for about five .rears with no ataxia or disturb- 
ance of gait. The patient was moderately obese and had no evidences of nutritional 
deficiency. The tongue was reddened and smooth along the lateral margins. Patellar 
reflexes were diminished and vibratory sensation was impaired over both lover extiemilies. 
This patient denied having received any form of- antianemia therapy prior to admission, 
and she was observed in the hospital for fourteen days before treatment was instituted. 
During this period no hematopoietic response occurred but on the day treatment wns 
started an increase in reticulocyte percentage wns observed. The subsequent course of the 
reticulocyte rise was of a type that strongly indicated a specific response to the material 
administered, but the high initial value suggested that the marrow at the time of institu- 
tion of therapy was in a reactive state. She received the same yeast concentrate as that 
given to G. IV. (Case 6) in daily dosage equivalent to 4 mg. of pteroylglutnmic acid, and 
later suggestive but not conclusive evidence was obfnined of a second reticulocyte response 
to treatment with the free vitamin (Table VII). 


Table VII. Hematologic Data on Case 7, T. K. 







memo- 

3IKMA- 

EETICU- 






R.B.C. 

GLOBIN 

TOCKIT 

LOCYTES 


date 


TREATMENT 

DAY 

x IOC 

(GM.) 

(%) 

(%) 

W.B.C. 

10/11/46 


None 

1 

2.5 

S.l 

30.0 

1.2 

5,300 

10/12/46 


None 

2 

— — 




o.s 


10/13/46 


None 

3 




3.4 



1 0/14/46 


None 

4 




2.4 


10/15/46 


None 

5 

— — 



2.4 


10/16/46' 

10/17/46 

10/18/46 

10/19/46 

10/20/46 

10/21/46 

10/22/46 

- 

Conjugate, 
with low 
conjugase 
inhibiting 
activity, 
equivalent 
to 4 mg. 

PGA 

6(0) 

1 

2 

3 

4 

5 

6 

2.5 

S.6 

26.5 

5.0 

5.2 

7.3 

5.0 

7.4 

10.5 

13.6 

4,200 

10/23/46 

10/24/46. 


7 

8 

2,9 

10.0 

30.5 

14.1 

20.0 

5~,S00 

10/25/46 


PGA, 4 mg. 

9(0) 

3.0 

10.1 

31.5 

11.9 

6,400 

10/26/46 


PGA, 4 mg. 

1 




10.1 

__ 

10/27/46 


PGA, 4 mg. 

2 




S.O 



10/28/46 


PGA, 4 mg. 

3 




14.6 


10/29/46 


PGA, 4 mg. 

4 




10.6 



10/30/46 


PGA, 4 mg. 

5 

3.3 

i0.9 

o 

c*; 

10.1 

6,700 


The data obtained from observations of the hematopoietic responses of 
Cases 1 to 7 indicate that patients with proved pernicious anemia in relapse 
are unable to utilize in any appreciable degree the hexnglutamyl conjugate of 
pteroylglutamic acid when the material is supplied orally together with rela- 
tively large amounts of a conjugase inhibiting substance. The responses ob- 
tained when a conjugate source containing less enzyme inhibitor was adminis- 
tered suggest that the defective utilization of natural forms of pteroylglutamic 
acid by patients with pernicious anemia is quantitative and probably varies 
with the individual patient. 
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II. Urinary Excretion of Ptcroylglutamic Acid During Administration of the 
Ilcxaglutamyl Conjugate and the Free Vitamin to Patients With 
Macrocytic Anemia in Relapse 

In this study determinations of the twenty-four-hour urinary excretion of 
pterovlglutamic acid were performed on the patients previously discussed 
(Cases 1 to 7) and on six additional patients who could not be tested for 
hematopoietic responses either because of their relatively high initial erythro- 
cyte values or their unwillingness to submit to protracted courses of therapy. 
The data secured from the urinary assays on all of the subjects are compiled 
in Table Yin. Brief abstracts of the six additional cases follow. 

Case S. — 0. B.. a 39-year-old white man, had had periodic soreness of the tongue for 
three years and symptoms of anemia for four months. The clinical and laboratory findings 
were entirely characteristic of pernicious anemia. The patient had received no previous 
antianemia therapy. Initial hematologic values were: red cells, 1,500,000 per cubic 
millimeter; hemoglobin, 6.4 Gm. per 100 c.c.; hematocrit. 19 per cent; mean corpuscular 
volume, 112 cubic microns; mean corpuscular hemoglobin concentration 33.7 per cent: 
white cells, 4,750 per cubic millimeter. Clinical and hematologic remission was attained 
while the patient was receiving pterovlglutamic acid, 5 mg. daily. 

Case 9. — L. P., a 63-year-old white woman, had been treated for pernicious anemia with 
striking symptomatic improvement five years previously. She had had no treatment for 
about four years prior to the admission. She presented the characteristic features of per- 
nicious anemia with initial blood values as follows: red cells, 900,000 per cubic millimeter: 
hemoglobin, 3.6 Gm. per 100 c.c.; hematocrit 11.0 per cent; mean corpuscular volume, 122 
cubic microns; mean corpuscular hemoglobin concentration, 32.S per cent; white cells, 3,050 
per cubic millimeter. Because of the severity of the anemia a single blood transfusion was 
given. The patient has subsequently attained complete clinical and hematologic remission 
while receiving pterovlglutamic acid, 5 mg. by mouth daily. 

Case 10. — II. B., a 71-year-old white woman, had symptoms of weakness, numbness and 
tingling of the extremities, and soreness of the tongue of approximately one year’s duration. 
She had macrocytic anemia, megaloblastic marrow reaction, and histamine refractory 
achlorhydria. An initial hematopoietic response was obtained during oral administration 
of pterovlglutamic acid, 5 mg. daily, but complete remission was induced by intramuscular 
injection of refined liver extract, 15 units 'weekly. The hexaglutamyl conjugate was not 
given to this patient, and urinary excretion data are limited to observations during the 
administration of the free vitamin. The initial hematologic values were as follows: red 
cells, 1,700,000 per cubic millimeter; hemoglobin, 6.4 Gm. per 100 c.c.; hematocrit, 20 per 
cent; mean corpuscular volume, US cubic microns; mean corpuscular hemoglobin concen- 
tration, 32 per cent; white cells, 4,S00 per cubic millimeter. 

Case 11. — D. B., a 55-year-old white woman, had onset of numbness and tingling and 
disturbances of gait eight months previously. Soreness of the tongue had been present for 
several weeks. Examination revealed evidence of moderately advanced posterolateral column 
degeneration. Quantitative blood cell changes were minimal, but definite variations in 
red cell morphology were observed including anisocytosis and maerocytosis. Histamine 
refractory achlorhydria was demonstrated. After excretion studies were completed, de- 
cided symptomatic improvement and restoration of blood values to normal followed treat- 
ment with refined liver extract by intramuscular injection. The initial hematologic data 
were as follows: red cells, 4,100,000 per cubic millimeter; hemoglobin, 13.3 Gm. per 100 
c.c.; hematocrit, 41 per cent; white cells, 4,S50 per cubic millimeter. 



14 


BETH ELL, MEYERS, ANDREWS, SWENDSEID, BIRD, AND BROWN 


Table VIII. Ukikaby Excretion ok Pti'koyi.bi.etamu' Ach> by Patients V 


CASE NVMBF.B 


1 

O 

3 

4 

5 


DAYS 






Daily excretion of PGA dui ing 

i 

0.3 y 

l.Sy 

3.4 y 

0.0 y 

3.7 7 

preti eatnient period 

o 

0.5 y 

2.3 y 

2.0 y 

0.4 y 

1.3y 


3 




0.0 y 



4 




0.0 y 


Conjugate daily dose as PGA 


4.0 mg. 

4.0 mg. 

2.3 mg. 

5.0 mg. 

5.0 ii 

equivalent 







Daily excretion of PGA during 

1 

1.5 y 

14.8 y 

2.3 y 

4.3 y 

1,105.0 y 

period of conjugate adnun 

2 

1.0 y 

13.0 y 

3.1 y 

5.8 y 

437.0 y 

istration 

3 




5.7 y 

012.0 y 


4 



2.2 y 

33.5 y 

072.0 y 


0 




OS.O y 

000.0 y 


(j 




72.0 y 

830.0 y 


7 





1,340.0 y 


s 



2.8 y 



Aveiage percentage excretion 


0.028 7c 

0.30 % 

0.04 7c 

0.33797 

17.1 9 

of dose administered 







PGA as free v ltannn ; daily dose 


4.0 mg. 

4.0 nig. 

2.3 mg. 

5.0 mg. 

5.0 n 

Daily excietion of PGA during 

1 

0S.S y 

723.0 y 

45.0 y 

l.llo.Oy 

592.S y 

period of administration of 

o 

233.1 y 

701.0 y 

80.0 y 

074.4 y 

420.0 y 

free vitamin 

3 




1,082.4 y 

031.3 y 


4 

201.3 y 



1,240.4 y 

OSO.O y 


(3 

784.4 y 






8 

1,130.0 y 





Average peieentage excietion 


12.5 97 

IS.5 % 

5.4 7c 

22.S 7c 

14.5 9 

of dose adnunisteied 








Case 12 — T. N. a oOveai old white man, developed macrocytic anemia five yea if- after 
total gastrectomy foi gastne ulcei. The hlood cell values rapidly lieeamc normal while the 
patient was receiving ptero.v lglutamie acid, 5 mg. daily by mouth. 

Case 13. — E. J. B., a 04 year old white woman, had mavioeytic anemia of mild degree 
associated with evidences of chronic diffuse liver disease. Tor one year she had received 
tefined liver extiact, 15 units lntianiuseulnrly every one to two weeks, and some improve- 
ment in blood values had followed this therapy. Shortly befoie admission to the hospital 
the patient had an exacerbation of the hepatic disorder with lapidlv developing painless 
jaundice and enlaigement of the livei, associated with evidences of increased hepatic dys- 
function obtained by laboratory tests. It was dining this period of heightened activity of 
the disease process that pteiovlglutanuc acid excretion studies were performed. Subse- 
quently the patient recovered from the acute' exacerbation of the illness and at present is 
much improved. 

The excretion of free vitamin during oral administration of the hexagluta- 
myl conjugate to patients with pernicious anemia in relapse and maciocytic ane- 
mia following gastrectomy was quite variable. Nevertheless, as has been shown 
bj the percentage calculations on Table VIII, only a small fraction of the dose 
Mas excreted in the urine, whereas a much greater part of the orally administered 
iiee vitamin was excreted. Comparison of the data obtained on these subjects 
with those secured during similar studies on normal persons reveals that the 
patients with pernicious anemia and postgastrectomy macrocytic anemia have 
much lower excretion levels of pteroylglutamie acid during conjugate adminis- 
ti ation . 32 Although a difference in excretion values during administration of the 
free vitamin to these patients and to the normal subjects was also observed, it 
was much less than that found when the conjugate was given. Moreover, as 


PTER0YLGLUTAM1C ACIl) 


AND ITS IIEXAOUrTAMYL CONJUGATE. I 


35 


CROCYTIC 


Anemia During Administration or Conjugated and Ikkf.A itamin 


6 

0.0 7 

1.5 y 

7 

1.3 7 

O.67 

S 

2.S7 

0.9 7 

9 

0.4 7 

10 

0.4 7 

0.3 7 

n 

1.87 

12 

2.1 7 

2.2 7 

13 

1.2 7 


O.67 

0.9 7 






4.0 mg. 

I.67 

4.0 mg. 

5.0 mg. 

4.0 mg. 

— 

— 

4.0 mg. 

4.0 mg. 

62.0 7 

32.0 y 

1.9 7 

I.67 

3.2 7 

2.S7 

2.0 7 

1.4 7 



4.5 7 

4.2 7 

2.4 7 

2.4 7 

S5.0 7 

4.17 

5.5 7 






85.2 7 

8.67 


2.3 7 





72.S 7 

S.67 


2.0 7 





44.1 7 

14.9 7 






220.0 7 

15.2 7 







303.6 7 

2.83 % 

16 S 7 

0.20 % 

0.074 % 

2.9 7 
0.052 % 

— 

— 

0.055% 

0.03 % 


4.0 mg. 

5.0 mg. 


5.0 mg. 

5.0 mg. 

4.0 mg. 

4.0 mg. 

339.0 7 

135.2 7' 

576.0 7 


219.6 7 

242.6 7 

4S6.4 7 

9.0 7 

336.0 7 

196.S 7 

1,277.0 7 


499.2 7 

501.7 7 




234.3 7 








334.6 7 








215.0 7 











1,S76.0 7 




S.41 % 

4.22 % 

1S.5 % 

— 

17.3 < 7 c 

7.4 % 

12.13 % 

0.2 % 


illustrated by Cases 1 and 10, continuous administration of the free vitamin was 
associated 'with excretion values increasing to levels equaling those obtained on 
normal subjects. This was not observed when the hexaglutamyl conjugate was 
fed continuously in a yeast concentrate possessing strong conjugase inhibiting 
activity (Cases 3 and 9). Case 4 (E. B.) who also received the conjugate showed 
a definite increase in excretion of the free vitamin, but the maximum level at- 
tained after six days of administration was less than the lowest value observed 
in the group of normal subjects. 

Special consideration must be given to the excretion values obtained in 
Cases 5, 6 and 7. They Mill be reviewed together with the pertinent hemato- 
logic data in the discussion to follow. 

In Case 13, macrocytic anemia associated with liver disease, very low excre- 
tion values for pteroylglutamic acid were observed after both conjugate and 
free vitamin administration. 

III. The Effect of Liver Extract (Parenteral) on the Urinary Excretion of 
Pteroylglutamic Acid During Administration of Its Hexaglutamyl 
Conjugate to Pernicious Anemia Patients 

Refined liver extract was given by intramuscular injection to a patient with 
pernicious anemia in relapse who had received no previous antianemia therapy 
(Case 8). The dose employed was 15 U. S. P. units contained in 1 c.c. given on 
each of three consecutive days. Hexaglutamyl conjugate was taken orally for 
three days before institution of liver extract therapy and during the period 
of its administration. No significant change in the excretion levels of pteroyl- 
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glutamic acid was observed (Table IX). A similar study was carried out on 
another patient with pernicious anemia (Case 1) after the administration of 
synthetic pteroylglutamic acid, 10 mg. daily’- by mouth for seven weeks. Dur- 
ing the period of pteroylglutamic acid therapy the erythrocyte count increased 
from 2,100,000 to 3,300,000 per cubic millimeter. Refined liver extract was 
injected intramuscularly for six consecutive days in a daily dosage of 15 
U. S. P. units except that on the second day of treatment the patient received 
45 units. In this case also no change in the excretion of free vitamin was 
observed during simultaneous administration of hexaglutamyl conjugate and 
liver extract (Table X). 

Table IX. Effect of Simultaneous Administration of Hexaglutamyl Conjugate and 
Parenteral Liver Extract on Urinary Excretion of Pteroylglutamic 


Acid (PGA) by Patient O. B., Case 8 




[ EXCRETION OF 




I (flG) VGA . FER 

DATE | 

TREATMENT 

DAY 

24 hours 

9/16/46 

None 

1 

2.3 

9/17/46 

None 

O 


9/18/46 

None 

3 


9/19/46 

None 

4 


9/20/461 

Conjugate with high enzyme 

1 

3.2 

9/21/40] 

1 inhibitor content equivalent 

o 

2.8 

9/22/46 j 

to 5 mg. PGA 

3 

5.5 

9/23/46) 


1 

5.S 

9/24/46! 

Same plus refined liver extract 

2 



9/25/40! 

15 units, I. M. 

o 

5.7 


Table X. Effect of Simultaneous Administration of Hexaglutamyl Conjugate and 
Parenteral Liver Extract on Urinary Excretion of Pteroylglutamic 
Acid (PGA) by Patient II. W., Case 1 


DATE 

TREATMENT 

DAY 

EXCRETION OF 
(/ JG ) fga PER 
24 HOURS 

5/28/46 

None 

i 



5/29/40) 

Conjugate with high enzvme 

i 

33.1 

5/30/46 ( 

inhibitor content equivalent 

2 


5/31/46 

to 4 mg. PGA 

Same plus refined liver extract 

15 units, I. M. 

1 

54.6 

6/ 1/46 

45 units, I. M. 

O 

27.2 

6/ 2/46 

15 units, I. M. 

3 

14.S 

6/ 3/46 

15 units, I. M. 

4 

11.0 

6/ 4/46 

15 units, I. M. 

5 

31.9 

6/ 5/46 

15 units, I. M. 

6 

16 8 


Three patients with pernicious anemia in liver extract-induced remission 
were studied with respect to their excretion of free vitamin during administra- 
tion of hexaglutamyl conjugate. 

Case 14. — W. M., a 72-year-old white man, was found to have pernicious anemia thirteen 
years previously. He has been under continuous observation since then, has received paren- 
teral liver extract regularly, and has never been in relapse. 

Case 15. — N. M., a 64-year-old white woman, was given the diagnosis of pernicious 
anemia fifteen years before the present studies. Throughout the period she has been treated 
with parenteral liver extract and the hematopoietic values have been maintained within normal 
limits. 
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Case 16. A. G., a 66-ycar-old white man. presented the diagnostic features of pernicious 

anemia sixteen years’ previously and for a number of years was treated with desiccated 
stomach. For the past five years he has received intramuscular injections of liver 
extract. The patient has always been irregular in following the treatment schedule, and 
although he has never been in severe relapse, the blood cell values have frequently indi- 
cated that therapy was inadequate. When pteroylglutamie acid excretion studies were 
undertaken the erythrocyte count was 4,100,000 per cubic millimeter, hemoglobin 1 Gin. 
per 100 c.c. and hematocrit 44.5 per cent. 

All three of these patients received their initial diagnoses at the Simpson 
Memorial Institute on the basis of clinical and hematologic features of per- 
nicious anemia, histamine refractory achlorhydria, and subsequent response to 
antipernieious anemia therapy. 

After a preliminary period during which the patients received the stand- 
ard low protein diet and base line excretion values for ptcroylglutamic acid 
were obtained, they were given the hexaglutamyl conjugate in a daily dose 
equivalent to 4 mg. of the free vitamin. The source of conjugate was the yeast 
concentrate possessing strong enzyme inhibiting activity. The last injection 
of liver extract had been given to these patients about one week previously 
and none was administered during the excretion studies. The urinary values 
for pteroylglutamie are presented on Table SI. 

It appears to be significant that the excretion levels of pteroylglutamie 
acid, during the preliminary period when they received the standard diet only, 
were higher in these patients than in those who were studied during relapse. 
The base line excretion values of the patients in liver extract-induced remis- 
sion equal those observed in normal subjects. 31 The excretion of free vitamin 
during the period of conjugate administration was greater in the patients in 
remission than in any of the patients with proved pernicious anemia in relapse 
who received the same yeast concentrate (Table VUI). 


Table XI. Urinary Excretion of Pteroylglutamic Acid (PGA) During Oral Administra- 
tion of Hexaglutamyl Conjugate and Free Vitamin to Patients With 
Pernicious Anemia in Liver Extract-Induced Remissions 


CASE NUMBER 


Daily excretion of PGA during 
pretreatment period 
Conjugate daily dose as PGA 
equivalent 

Daily excretion of PGA during 
period of administration of 
conjugate in concentrate with 
high enzyme inhibitor content 


Average percentage excretion of 
dose administered 

PGA as “ free ’ ’ vitamin •, daily 
dose 

Daily excretion of PGA. during 
period of administration of 
free vitamin 

Average percentage excretion of 
dose administered 


DAYS 

1 

9 


1 

9 

3 

4 

5 

6 


1 

2 


14 


4.4 fig 
4.6 fig 
4.0 mg. 

147.0 fig 
26S.S fig 


5.1 % 
4.0 mg. 

564.0 fig 

500.0 fig 

16.9 % 


15 


2.7 fig 

1.8 fig 

4.0 mg. 

54.5 fig 
167.0 fig 


3.0% 
4.0 mg. 

257.5 fig 

215.6 fig 

6 . 2 % 


16 


2.5 fig 

2.2 fig 

4.0 mg. 

34.4 fig 
40.0 fig 
71.2 fig 
96.6 fig 

51.5 fig 
173.S fig 

60.8 fig 

l.S% 
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DISCUSSION 

It may be presumed that the excretion of ptcrovlglutamic acid after con- 
jugate administration is dependent upon several factors, aside from renal im- 
pairment. These are: (1) the liberation of the vitamin from the conjugate, 
(2) its absorption from the alimentary tract, (3) the extent of tissue deficiency, 
and (4) the presence and functional status of tissue enzyme systems required 
for pteroylglutamic acid utilization. 

In pernicious anemia three of these factors may be operative in varying 
degrees. Liberation of the free vitamin may be adversely affected by defective 
intestinal conjugase activity aggravated by the presence of enzyme inhibiting 
substances. The extent of tissue deficiency may influence the retention of 
absorbed vitamin and so inversely affect its excretion rate. The status of 
cellular enzyme systems may govern the capacity of the tissues to utilize the 
vitamin. 

The patients in this series who received the hexaglutamyl conjugate to- 
gether with relatively large amounts of enzyme inhibitor exhibited little or no 
hematopoietic response. The low excretion levels of pteroylglutamic acid, 
therefore, may be attributed largely to deficient conversion of the conjugate 
to the free form. Case 6 (G. AV.) who received a conjugate in a preparation 
with low inhibitor content had moderately high initial and subsequently in- 
creasing levels of vitamin excretion. This observation together with the 
definite but suboptimal hematopoietic response suggests that a significant 
amount of pteroylglutamic acid was liberated and absorbed but that in spite 
of tissue need, as shown by the severity of the anemia, there was imperfect 
utilization of the vitamin. Case 7 (T. K.), at the time of institution of therapy 
with the same conjugate as that given in Case 6, showed evidences of spon- 
taneous erythrocyte regeneration. The initial reticulocyte percentage was 5.0 
and the rise during treatment was rapid, reaching a peak of 20.0 per cent on 
the eighth day. This value is greater than the expected maximum reticulocyte 
peak during adequate oral therapy with liver extract or desiccated stomach 
for a patient with her pretreatment red blood cell count. 34 There can be little 
doubt that the increase in reticulocytes and total number of circulating red 
cells, observed in this patient, represents a response to the material adminis- 
tered. The low excretion values for pteroylglutamic acid, as shown on Table 
VIII, although apparently inconsistent with the observations on other patients 
in this series, may be attributable to a high degree of tissue deficiency and 
unusually efficient cellular utilization of the liberated and absorbed vitamin. 
This concept is supported by the observation in this case of exceptionally low 
vitamin excretion levels during administration of synthetic pteroylglutamic 
acid, in the presence of continued hematopoietic response. 

Case 5 (G. L.) was discussed earlier with emphasis upon the clinical evi- 
dences of multiple nutritional deficiencies refractory to specific therapy. There 
appear to be adequate grounds for considering this case as one of probable 
nutritional macrocytic anemia rather than true pernicious anemia. The ex- 
cretion of unusually high levels of free vitamin during administration of a 
source of conjugate possessing strong conjugase inhibiting activity is proof of 
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absorption of the material from the alimentary tract in spite of the small 
bowel dysfunction and diarrhea. The failure to obtain a sustained hemato- 
poietic response to the subsequent parenteral administration of pteroylglutamic 
acid and crude and refined liver extracts and the lack of therapeutic eftect of 
large doses of thiamine, riboflavin, and nicotinic acid, administered both 
orally and parenterally. indicate that in this patient irreversible tissue changes 
have occurred probably relating to cellular enzyme activity. 

These observations suggest that in cases of nutritional macrocytic anemia, 
even though complicated by extensive disturbances of small bowel function, 
the liberation and absorption of conjugated ptcroylglutamic acid in the pres- 
ence of conjugase inhibitor are not necessarily impaired as they appear to be 
in addisonian pernicious anemia. 

Some information relative to a possible role of the intrinsic factor may be 
afforded by the studies on the two patients with macrocytic anemia following 
gastrectomy (Cases 3 and 12). The patient (Case 3) on whom hematologic 
data were obtained resembled those with true pernicious failure in the failure 
to respond to the administration of the hexaglutamyl conjugate. Neither of 
the gastrectomy patients excreted increased amounts of pteroylglutamic acid 
when they were given the conjugate. These results indicate that the stomach 
may he concerned with the liberation of the conjugate and lead to the 
suggestion that the intrinsic factor, although not itself capable of converting 
the hexaglutamyl conjugate to the free form, 6 may act enzymatically as an 
anti-inhibitor. 

At this time it is possible only to speculate on the reasons why persons 
with pernicious anemia in liver extract-induced remission excrete larger 
amounts of pteroylglutamic acid than those in relapse, either when they are 
receiving a standard diet or during administration of relatively large amounts 
of a naturally occurring conjugate of the vitamin. The increased excretion 
rate observed in remission may be due either to a lessened state of tissue de- 
ficiency or to more efficient liberation of the vitamin from its conjugated form. 
However, both hypotheses may he true, since correction of a tissue deficiency 
by means of refined liver extract, containing very small quantities of pteroyl- 
glutamic acid, implies more effective utilization of natural forms of the vita- 
min. It should not he assumed, however, that the activity of liver extract in 
bringing about remission in pernicious anemia is limited to enhancing the 
availability of dietary sources of pteroylglutamic acid. The observation that 
pteroylglutamic acid, administered either orally or parenterally, is not equally 
effective in inducing remissions in all patients with pernicious anemia and that 
it may have no effect on the combined system degeneration frequently asso- 
ciated with, this disease 35 indicates that the action of liver extract is more 
complex than simply to relieve a conditioned nutritional deficiency of pteroyl- 
■rhitamic acid. The rapidity of therapeutic response to the injection of refined 
lner extract exhibited by severely ill patients is quite unrelated to their 
dietan intake and must he attributed to a diiec-t effect upon tissue metabolism, 
lhe observations of many investigators of chronic nutritional deficiency states 
demonstrate that replacement therapy even with excessive amounts of the 
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deficient nutrilite may be ineffective or only partially effective in re-establish- 
ing normal cellular metabolism. Moreover, the protean manifestations of per- 
nicious anemia, and in particular the variable degree of central nervous sys- 
tem involvement found in patients with this disease, suggest that a complex 
type of cellular enzyme disturbance may exist and that the action of the liver 
principle in restoring normal pteroylglutamie acid metabolism constitutes but 
one of its therapeutic effects. 

SUMMARY AND CONCLUSIONS 

Pteroylglutamie acid (folic acid) and its hcxaglutamyl conjugate were 
given orally to sixteen patients. The series included nine patients with per- 
nicious anemia in relapse, two with macrocytic anemia following gastrectomy, 
one with chronic liver disease associated with macrocytic anemia, one with 
macrocytic anemia believed to he due to nutritional deficiency, and three with 
pernicious anemia in liver extract induced remission. 

The hematopoietic responses were observed and the urinary excretion of 
pteroylglutamie acid was measured during the administration of the conju- 
gated and free vitamin. 

Three patients with pernicious anemia in relaii.se and one patient with 
macrocytic anemia following gastrectomy exhibited little or no evidence of 
erythrocyte regeneration when given the hcxaglutamyl conjugate in a yeast 
concentrate containing strong conjugase inhibiting activity. Significant re- 
sponses occurred when these patients received either equivalent doses of syn- 
thetic pteroylglutamie acid or the yeast concentrate after incubation with an 
enzyme preparation which liberated the free vitamin from its conjugated form. 

Two patients with pernicious anemia in relapse had definite hematopoietic 
responses when they were given the equivalent of 5 mg. daily of pleroyl- 
glutamie acid as the hexaglutamyl conjugate in a yeast concentrate containing 
relatively little enzyme inhibitor. 

The patient with probable nutritional macrocytic anemia showed a sub- 
optimal response to the administration of the yeast concentrate with strong 
conjugase inhibiting activity. 

Determinations made prior to the institution of therapy revealed that the 
urinary excretion of pteroylglutamie acid was lower in patients with macro- 
cytic anemia than in normal subjects or patients with pernicious anemia in 
liver extract-induced remission. 

In patients with pernicious anemia, postgastrectomy macrocytic anemia, 
and liver disease, the urinary excretion of free vitamin after the oral adminis- 
tration of conjugate with large amounts of inhibitor was much less than the 
level obtained in normal subjects. One patient with probable nutritional 
macrocytic anemia excreted the vitamin in amounts comparable to normal 
subjects. 

In one patient with pernicious anemia previously untreated and in another 
who had been receiving treatment with pteroylglutamie acid without produc- 
tion of complete remission, the simultaneous administration for short periods 
of refined liver extract by intramuscular injection and the hexaglutamyl con- 
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jugate by mouth was not followed by increased pteroylglutamic acid excretion 
above tlm levels which had been observed when the conjugate was given alone. 
On the other hand, the administration of conjugated vitamin to three patients 
with pernicious anemia in liver extract-induced remission was followed by the 
excretion of the free material in amounts approximately equal to those ob- 
tained in normal subjects. 

It is concluded that patients with pernicious anemia in relapse and post- 
gastrectomy macrocytic anemia cannot readily utilize for hematopoiesis a natu- 
rally occurring conjugate of pteroylglutamic acid although they respond 
promptly to administration of the free vitamin. This defect is not absolute 
and varies in different patients. Inability to utilize the conjugated vitamin 
appears to depend, at least in part, upon a conjugasc inhibiting substance 
present in natural sources of conjugate. 

Determination of the urinary excretion of pteroylglutamic acid after con- 
jugate administration provides an index of t lie ability to liberate the free vita- 
min from its conjugated form. 

One of the pharmacologic actions of the liver principle may be the cor- 
rection of the metabolic defect in the utilization of naturally occurring con- 
jugated forms of pteroylglutamic acid. 
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METABOLIC FUNCTION OP PTEROYLGLUTAMIC ACID AND ITS 
IIEXAGLUTAMYL CONJUGATE 


II. Urinary Excretion Studies on Normal Persons. ErrECT of a 

Conjugase Inhibitor 


Marian E. Swendseid, Ph.D., Orson D. Bird. Pn.D., Raymond A. Brown, 
Ph.D., Detroit. JIicil, and Frank II. Bethele, M.D., Ann Arbor, Mich. 

T HE evidence that pteroylglutamic acid by virtue of its role in ervthro- 
eytogenesis 1 is an essential factor in human nutritional economy giv es em- 
phasis to a study of the metabolic function of this vitamin. Since ptei o\ 1 glu- 
tamic acid occurs in plant and animal tissues in a conjugated form,*’ 3 such a 
study must necessarily attempt to delineate the physiologic significance of con- 
jugate in relation to free vitamin and the factors governing conjugate cleavage. 

The present communication is concerned with the urinary excretion levels 
of pteroylglutamic acid (PGA) on normal subjects after tlie administration of 
the vitamin both in the free form and as yeast concentrates of the liexaglutamyl 
conjugate. It was found that there are substances present in certain yeast ex- 
tracts which lower the expected vitamin excretion rate following conjugate ad- 
ministration, results that are interpreted as evidence of the in vivo action of 
inhibitors on conjugate conversion. 

Bird and associates 4 have reported from the results of their in vitro studies 
on the cleavage of liexaglutamvl conjugate by the enzyme pteroylglutamic acid 
(PGA) conjugase that there was a substance present in natural sources (that is, 
yeast extracts) which caused enzyme inhibition. 

The conjugate of pteroylglutamic acid used in this investigation was the 
peptide, pteroylhexaglutamylglutamic acid. This conjugate has been isolated 
in crystalline form from yeast, 5 and either it or a conjugate of similar micro- 
biologic activity is widely distributed in both plant and animal tissues. 3 For 
example, we have found 6 that over 90 per cent of pteroylglutamic acid in the 
leucocytes and their precursors occur as this type of conjugate. The only 
other known conjugate is pteroyltriglutamie acid or fermentation factor. 7 ’ s 
Spies 9 has reported a single patient with pernicious anemia in relapse who 
responded to the intramuscular injection of this material. However, there is 
no evidence on the basis of differential microbiologic assays®’ that this conju- 
gate has a general natural distribution, and hence it would appear that it may 
not be of practical nutritional significance. 
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EXPERT MENTAL 

Seven normal individuals took part in the study. Most of them received 
separately two hexaglutamyl conjugate concentrates ns well as the free vitamin 
in daily doses equivalent to 4 mg. of ptcroylglutamie acid. Each preparation 
was administered orally for two consecutive days and the treatment periods 
were spaced at intervals of one to four weeks. 

The two hexaglutamyl conjugate concentrates used in this study were 
prepared from yeast. One of the concentrates 0 was a much purer preparation 
than the other and contained no conjugasc inhibitor. The other concentrate 
was a norite eluate of yeast and contained conjugasc inhibitor. The inhibitor 
activity of this concentrate relative to the amount of ptcroylglutamie acid 
present as determined by in vitro tests 4 was approximately one-third the con- 
centration found in the original yeast. To split the conjugate present in this 
concentrate required thirty-six times as many PGA conjugasc enzyme units as 
were necessary to free an equivalent amount of vitamin from crystalline hexa- 
glutamyl conjugate. 

The pteroylglutamic acid content of the urine was determined by micro- 
biologic assay using L. casei. In some instances analyses were made following 
treatment of the urine with PGA conjugasc from hog kidney to determine 
whether the vitamin was excreted in the conjugate form. The methods used for 
the assay and treatment with conjugasc have been described. 0 

RESUBTS 

Tables have been set up showing the urinary excretion levels of PGA before 
and during the daily administration of 4 mg. of pteroylglutamic acid or concen- 
trates of hexaglutamyl conjugate containing the equivalent of 4 mg. of pleroyl- 
glutamic acid. 

No evidence for the excretion of the vitamin as the hexaglutamyl conju- 
gate was obtained in any of these experiments, including those where the con- 
jugate was administered as such. These results arc not included in the tables. 

The values for PGA excretion on unsupplemented diets (averages of 2.5 
and 2.9 micrograms on consecutive days) are similar to those studies already 
reported. 10 ' 52 When pteroylglutamic acid was given, about one-third of the 
4 mg. dose was excreted in the urine. 

When a concentrate of hexaglutamyl conjugate free from conjugasc in- 
hibitor was administered, the urinary PGA excretion levels (averages of 1,193 
and 1,412 pg on consecutive days, Table II) were comparable to those obtained 
when an equivalent amount of the vitamin was given in the free form (aver- 
ages of 1,266 and 1,288 pg on consecutive days, Table I). However, the ad- 
ministration of conjugate concentrates containing conjugase inhibitor resulted 
in urinary PGA excretion values (averages of 153 and 244 fig on consecutive 
days, Table II) which were definitely lower than when the free vitamin or 
conjugate without inhibitor was given. 

•Obtained from Dr. J. J. PiUCner of the Parke, Davis & Company Laboratories. 
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T? mjix 1 Upinwy PGV Excretion is Norm at. Subjects Before asd During Admikistra 
' ‘ “ tiox or 4 Mg. Pteroyi.gi.utamic Acid 


SUBJECT 

BEFORE 

(mg rcA 

treatment 
ter 24 HR.) 

DURING 
(mG PGA 

treatment 

PER 24 HR.) 

DAY I 1 

DAY 11 

DAY I 

1 DAY II 

He 

3.1 

2.1 


1,304 

Ro 

2.3 

2.1 

1,235 

1,221 


2.3 

2.9 

1,112 

1.144 

Bt 


3.9 

1,184 

1,371 

Ee 

2.0 

3.4 

1,3SG 

1,374 

Bi 

2.4 

4.1 

1,29S 


Average 

2.5 

2.9 

1.26G 

1,2S8 


Table n. Urinary PGA Excretion in A'ormat. Subjects During Administration or 
Hexaglutamyl Conjugate Concentrates Containing Equivalent or 4 Me. PGA 


subject 

DURING TREATMENT WITH 
HEXAGDUTAMYD CONJUGATE 

(MG PGA PER 24 HR.) ! 

during treatment with 
hexaglutamyl conjugate 
containing inhibitor 
(mg PGA PER 24 HR.) 

[ DAY I i 

DAY II | 

DAY I I 

DAY II 

Ro 



155 

310 

Ov 


_ _ 

260 

2SS 

He 

2, OS 7 

2,1S4 

151 

351 

Br 

1,054 

1,S07 

201 

238 

Fe 

639 

1,025 

52 

143 

Bi 

517 

797 

53 

1G3 

Sw 

1,06S 

1,24S 

200 

218 

Average 

1,193 

1,412 

153 

244 


Table HI. Urinary PGA Excretion in Normal Subjects During Administration or the 
Vitamin or. Its Hexaglutamyl Conjugate With a Conjugase Inhibitor Source 


SUBJECT 

| i 

I daily treatment 

URINARY EXCRETION OF PGA 
| (MC PGA PER 24 np„) 

[ DAY I | DAY H 

He 

Conjugate (equivalent to 4 mg. 
PGA) + 30 Gm. Difeo yeast 
extract 

110 

— 

Br 

Conjugate (equivalent to 4 mg. 
PGA) + 30 Gm. Difeo yeast 
extract 

76 

156 

Bi 

4 mg. PGA + 30 Gm. Difeo yeast 
extract 

1,190 

1,030 

Sw 

4 mg. PGA + 30 Gm. Difeo yeast 
extract 

1,350 

1,460 


To study further the effect of conjugase inhibitor, 30 Gm. of Difeo yeast 
extract as a source of inhibitor was added to the purified conjugate concentrate 
(the equivalent of 4 mg. of PGA). In two subjects, PGA excretion levels (110 
f*g and an average of 116 ng per twenty-four hours, Table III) were greatlv re- 
duced below the values obtained when the conjugate was given alone. 

The urinary PGA excretion levels were also determined during the admin- 
lstratmn of the free vitamin form together with a source of conjugase inhibitor. 
The values for each of two subjects (average 1,110 and 1,465 ^ per twentv-four 
hours Table HI) were similar to those obtained when the free vitamin alone was 
administered (Table I). 
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DISCUSSION 

It lias been demonstrated that a hexaglutamyl conjugate concentrate con- 
taining PGA conjugase inhibitor when administered to normal subjects results 
in a lower excretion of PGA than when an equivalent amount of a purer con- 
jugate without inhibitors is given. Moreover, when a natural product contain- 
ing inhibitor is given with this purer conjugate, urinary excretion levels of 
PGA are greatly reduced. These data are interpreted as evidence that the 
PGA conjugase inhibitor can act in vivo on conjugase enzyme systems to re- 
duce the cleavage rate of the hexaglutamyl conjugate and hence to decrease 
subsequent urinary excretion of the free vitamin. PGA conjugase inhibitor 
does not affect the excretion level of pteroyl glutamic acid when the vitamin is 
administered in the free form. 

It is very possible that the inhibition of the conjugase enzyme system by 
a dietary source material as observed in this study occurs in the gastrointesti- 
nal tract and that at least one of the resultant effects is on the rate of absorp- 
tion of the vitamin. Either this inhibitor or an endogenous product of similar 
nature may also be active in internal metabolic cycles to hold the greater por- 
tion of the body pteroylgiutamic acid content ns a conjugate. 

While factors affecting in vitro enzyme experiments do not necessarily 
influence the complex enzyme systems in the body, the possibility must be 
considered that the same substance inhibits PGA conjugascs in vivo and hog 
kidney PGA conjugase in vitro . 4 

The implications of this in vivo action of PGA conjugase inhibitor are far- 
reaching. The hexaglutamyl conjugate, the type of compound which serves 
for the most part as the nutritional source of pteroylgiutamic acid, occurs 
naturally in association with conjugase inhibitor (results of in vitro tests). 
Such substances as liver, yeast, and spinach, which contain relatively large 
amounts of conjugate, are also high in inhibitor content . 53 Therefore, from a 
nutritional and metabolic standpoint, studies involving the role of hexa- 
glutamyl conjugate cannot be considered apart from conjugase inhibitor. 

Wright and Welch 10 have stated that, in contrast to other members of the 
vitamin B group, only a small percentage of the folic acid estimated to be con- 
tained in the diet is excreted by normal individuals. It is probable that the 
data reported here may offer an explanation for this seeming anomaly as re- 
gards folic acid in that the action of conjugase inhibitor reduces the rate of 
cleavage of conjugate to the free vitamin, the form in which pteroylgiutamic 
acid is excreted. 

It has been reported that in pernicious anemia there is a lessened ability 
to utilize conjugated as compared with free pteroylgiutamic acid for hemato- 
poiesis. These experiments with normal subjects led to the consideration that 
in patients with pernicious anemia the PGA conjugase inhibitor in the hexa- 
glutamyl conjugate concentrates 14 might be a factor influencing conjugate 
utilization, and evidence supporting this idea has been presented in the preced- 
ing paper . 13 
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SUMMARY 

The excretion values o£ ptcroylglutaniic acid have been determined for noi- 
ma \ persons before and during the daily administration of 4 mg. doses of the 

vitamin in the free and conjugated forms. 

It has been found that for the normal subject given liexaglutamyl conjugate, 
the urinary excretion levels o£ pteroylglutamie acid are dependent upon the 
presence of an exogenous source of conjugase inhibitor. Administering hexa- 
slutamyl conjugate without inhibitor results in PGA excretion levels similar to 
those obtained following treatment with the free vitamin. Simultaneous admin- 
istration of conjugase inhibitor and liexaglutamyl conjugate results in lower 
PGA excretion levels. 
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THE EFFECT OF THE METHYLATED XANTHINES ON TnE 
CLOTTING TIME OF THE BLOOD 

N. C. Gilbert, M.D., Frederick Dey, M.D., and Ruth Trump, B.S. 

Chicago, III. 

T HE methylated xanthines, in one form or another, have been in use for 
over half a century. In the last two decades they have been used very 
extensively. In spite of occasional adverse criticism, there is good reason to 
think, from accumulated experimental and clinical evidence, that they are of 
very definite therapeutic value. Any contraindication for their use should 
be examined carefully and critically. 

It has been reported recently 1 that the methylated xanthines in experi- 
mental animals increased the prothrombin level of the blood and increased 
its coagulability. It would be assumed that if any such action resulted from 
their clinical use, abundant evidence of such an effect would have been pre- 
viously observed and reported. On the contrary, it has been our impression, 
at least, that the patients using one or another of the xanthines over a long 
period of time had a longer life expectancy, not a shorter. Our experience 
has been that of Fahr, 2 who has had a long and carefully observed experience 
with these preparations, that heart failure is apparently postponed. 

We have accumulated a great deal of data which we will not attempt to 
present here in detail, but we will choose only enough to show what we con- 
sider very clear evidence that the methylated xanthines have no effect in pro- 
longing the clotting time of the blood. 

As a measure of the coagulability of the blood, we determined the clotting 
time, the response of the subject to intravenous heparin, and the prothrombin 
level. Clotting times were determined by the capillary tube method. The 
heparin tolerance test has been adequately described and its significance dis- 
cussed by de Takats. 3 By his technique, an initial clotting time is determined 
and then 10 mg. of heparin are injected intravenously. Clotting times 
are determined at ten-minute intervals until the initial level of the blood is 
again established. 

Prothrombin times were determined on the whole plasma and the diluted 
(12.5 per cent) plasma, using the technique of Quick. In order to establish 
the normal prothrombin time for our laboratory, control determinations were 
made on ten normal individuals. By our technique, the normal time for whole 
plasma was found to vary between 11 and 12.5 seconds, with a mean of 12; 
while the time for dilute plasma, with two exceptions, was between 32 and 38 
seconds, with a mean of 34. In dogs the normal prothrombin time for whole 
plasma was 6 seconds and for the 12.5 per cent plasma it was 13 to 17 seconds. 
The results ai’e the average of duplicate or triplicate determinations. 

For the study of the immediate effect of the methylated xanthines upon 
clotting activity, normal individuals were admitted to the hospital, and the 
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coagulability of the blood was determined before and after the administration 
of The drug. The patients were placed upon a routine, general ward diet. 
They were treated as ambulatory patients and permitted the freedom of the 
ward. During the first week in the hospital, daily heparin cumes uero taken 
and one or more prothrombin determinations were made. The patients then 
were given one of the xanthines, usually aminophyllin, cithci orally 01 pai- 
enterally, and the heparin curves and prothrombin determinations were made 
at various intervals. 

To observe the effect of intramuscular injections, two normal patients 
were hospitalized and kept under control conditions for the course of the 
observations. Because of variations of clotting time and the eoui’se of the 
heparin curve, control readings were made for six days. Only two of the curves 
are plotted in each case. The curves for the other day's lay between these two. 


Pactierct C.W. 



Seconds 


AFTER. MEDICATION 



5 ccon&s 


Pa.-fci.arrt ~ ML J. 




Seconds 


Fig. 1. Heparin curves before and after the administration of intramuscular aminophvllin 

grains 7 V 2 » cm two patients. 


Similarly, after administration of the drug, only the curves of the first and 
the last day are plotted. These are shown in Pig. 1. In the first patient (C. IY.1 
the control prothrombin readings were 12 seconds for the whole plasma and 33 
seconds for the dilute plasma. Prothrombin readings were taken every hour 
for three hours after the first injection of aminophyllin. These readings were, 
respectively, 12 seconds for the whole plasma and 34 seconds for the dilute 
plasma; 12 and 34; 12 and 35; and 12 and 34. At the end of five days the 
prothrombin times were 12 seconds and 34 seconds. 

The second patient (II. J.) showed a control prothrombin time of 12 seconds 
for the whole plasma and 34 seconds for the dilute plasma. The same readings 
were obtained at the end of six days. 
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Two normal patients were given intravenous aminophyllin every eight 
hours for three closes. The coagulation time and the heparin curve are shown 
in Fig. 2. The prothrombin times did not change from the controls at the 
end of the three-day period. 

Aminophyllin, 7 V 2 grains intravenously, was also administered to three 
individuals who were not normal, and the prothrombin levels were determined 
at hourly intervals for three hours and again at six hours after administration. 
Two of the patients had been on theobromine calcium salicylate for four 
weeks; the third was a patient with lymphatic leucemia and had had no 
medication. The results are shown in Table I. 


Elg. 



2. Heparin curves Ijefore and after tile administration 
grams 7%, on two patients. 


OC intravenous aminophj’llin. 


Aminophyllin was given to three normal patients in 3 grain doses, three 
times aily for from fifteen to twenty-eight days. Control prothrombin levels 
weie ta fen as v ere heparin curves; prothrombin levels and heparin curves 
were repeated at intervals of from two days to one week during the adminis- 
tration of the drug. The results were consonant with those obtained in the 
previous patients and will not be shown in detail. Similar determinations 
weie made on nine patients with cardiac disease who were ambulatory and 
uncon 10 e . These patients took theobromine calcium salicylate, 7*4 grains 
m y y mouth. Normal coagulation times, normal heparin curves, and nor- 
mal prothrombin levels were present throughout the experiment. 

Further experiments were done upon seven dogs. One dog weighing 13 
a ogiams was given 15 grains of aminophyllin in one dose and was observed 
or hree days. It suffered no ill effects from the large dose. The prothrombin 
times (m seconds) with the whole and dilute plasma are given in Table II. 
fhe coagulation time and heparin curves showed no significant changes from 
the controls of the previous two days. 
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Table I 



,j., Aon r>4 

(COr.OXAKV OCCLUSION) 

I!., AGE 42 

| (COr.OXAUY OCCLUSION) 

s., age 54 

(lymphatic leucf.mia) 

WHOLE I 
PLASH A I 
(SEC.) 


WHOLE 

PLASMA 

(SEC.) 


1 WHOLE ] 

PLASMA 

1 (SEC.) ! 

DILUTE 

PLASMA 

(SEC.) 

Control 

11.5 


11 

34 

n 

00 

1 hour 

It 

35 

12 

35 

11.5 


2 hours 

12 

50 

12 

35 

11 

<?< 

3 hours 

11.5 

3S 

12 

3S 

11 

G4 

6 hours 

11 

37 

11 

3S 

11 

Go 

Table It 



WHOLE PLASMA (SEC.) 

DILUTE PLASMA (SEC.) 

1 

l hour 


6 


15 


2 hours 


6 


14 


3 hours 


li 


13 


24 hours 


<> 


14 


4S hours 


6 


15 


— i 

i* 

1 hours 


<5 


14 



Another dog weighing 11.3 kilograms was given 135 mg. of aminophyllin 
three times a day for two weeks. This dose was chosen in order to duplicate 
an experiment in which changes in prothrombin time were noted in such an 
experiment elsewhere. The first control reading and the heparin curve and 
the last heparin curve at the termination of the experiment are given in Pig. 
3. The two prothrombin readings before the experiment were 6 and 15 
seconds. During the experiment the prothrombin times varied from 6 and 
15 seconds to 6 and IT and were 6 and 16 on the last day. The other experi- 
ments upon dogs were repetitions of the clinical experiments and developed 
nothing different from the results shown. Aminophyllin was used in six ex- 
periments and theobromine calcium salicylate in one. The results throughout 
these experiments upon animals were in complete accord with those of Quick. 3 




heparin' curve and heparin cun'e 'at ‘ teminati'on'of experinient! a day f ° r two weeks - Control 

metliylxantliines° for°from'um a days C 'to' tn'enty'years.° nl avcrages on Patents who had taken 
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In order to determine whether the prolonged administration of the methy- 
lated xanthines has any effect upon clotting activity, studies were made of 
twenty-five patients chosen at random who had heen taking one or another 
of these preparations for from ten days to twenty years. The results are 
shown in Table III. Heparin curves were taken in each case. A composite 
curve is shown; it is based upon the arithmetical averages of each period after 
the administration of heparin (Fig. 4). The two extremes are shown in Fig. 5. 
In each case the patient had been taking aminophyllin for two years. 



Fig. 5. — These two curves represent the two extremes on patients taking aminophyllin over 
long periods of time. In each case aminophyllin had been taken continuously for two years. 


After the foregoing work was done, Scherf and Schlachman 0 reported a 
shortening of prothrombin time following the intravenous administration of 
aminophyllin and theobromine sodium acetate. Rieben, 7 on the other hand, 
reported that he was unable to confirm the work of Link showing the shorten- 
ing of the prothrombin time to result from the administration of the methy- 
lated xanthines. 

We are conscious of the conflicting and confusing reports which have ap- 
peared on this subject. A very ready recourse is available for determination 
of the effects of these drugs by following the advice of Hunter to Jeuner — 
“Don’t think. Try!” The determination of the coagulation time by the capil- 
lary tube method is easily done, requires no special apparatus, and is accurate 
for clinical purposes. Allowance must be made for normal, minor deviations 
from day to day, depending upon several variables. Dolex’minations of pro- 
thrombin time admit of many errors. This is especially true when different 
modifications are used which introduce doubtful variables. It would add to the 
value of comparative studies if a standard method, such as that of Quick, were 
used. After all, however, the real point, as far as the methylated xanthines are 
concerned, is whether the coagulation of the blood is or is not hastened. This 
can readily be determined in any doctor’s office. 


3 .'} 


effect of methylated xanthines on clotting time of blood 

Table HI. Clotting Activity of Patients Deceiving Methylated Xanthines ror. Long 

Periods of Time 


patient 


1 

o 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


PERIOD or 
MEDICATION 


10 days 
21 days 
5 weeks 

4 months 

5 months 
0 months 

18 months 
2 years 

2 years 

2.5 years 

3.5 years 

3 years 

3 years 

3.5 years 

4 years 
o years 

5.6 years 

6 years 

6 years 

7 years 

8 years 
10 years 
14 years 
16 years 
20 years 


CLOTTING TIME 
(MIN. AND SEC.) 


PROTHROMBIN TIME 


WHOLE PLASMA 
(SEC.') 


DILUTE PLASMA 
(SEC.) 


3 

4 

4 

3, 20 

4.15 

3.40 
3,30 

3.15 

3.45 
3,50 

4.40 

5. 45 

3.00 

4.00 

5 

3.45 
3,30 

3 

3.30 

3.40 

6 

2.30 
4,35 

3.00 

4 


12 

12 

12 

12 

12.5 

12.5 
12 
11 

12.3 

12 

11 

11.5 

12.5 

11.5 


12 


12.5 

11.5 


34 

36 

30 

36 

30 

34 
36 
33 

36 

35 

33 

32 

34 

33 


34 


35 

33 


SUMMARY 

A series of experiments were carried out on patients and on animals to 
determine whether the prothrombin time, the clotting time of the blood, and the 
heparin curve were in any way changed by the administration of the xanthine 
drugs. Prothrombin times were determined in the whole plasma and in the 
dilute plasma. No change was found by either method. Coagulation times were 
not affected. The heparin curves were either not affected or were improved. 

IVe wish to express our indebtedness to Dr. Armand J. Quick for his kindly help and 
advice in the methods of determining prothrombin time and in perfecting onr technique. 
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PENICILLIN IN BEESWAX AND PEANUT OIL. A NEW PREPARATION 
WHICH IS FLUID AT BOOH TEMPER ATURE: 
ABSORPTION AND THERAPEUTIC USE 

Harold L. Hiusii, M.D., Harry F. Dowling, M.D., Jean *T. Vivixo, M.D., 
and Georgine Rotmax-Kavka, M.D. 

Washington, D. C. 

P ENICILLIN is administered by intermittent intramuscular injections more 
frequently than by any other method. While continuous intravenous and 
intramuscular infusions may be best for maintaining high concentrations of the 
antibiotic over a long period of time, they are necessarily restricted to patients 
who are closely confined. Likewise, oral administration can be used only in the 
treatment of certain groups of patients, particularly in those with diseases that 
respond easily and quickly to penicillin. The major disadvantage of admin- 
istering penicillin intramuscularly in aqueous solution is the necessity for re- 
peating the injections at two- or three-hour intervals. Consequently, several 
attempts have been made to slow the absorption of penicillin after it is de- 
posited within the muscles; the most successful of these attempts has been the 
incorporation of the antibiotic in beeswax and peanut oil by Romansky and 
Rittman. 1 A single injection of 1 e.e. of their preparation, containing 300,000 
units of penicillin, is usually folllowed by therapeutically effective concentra- 
tions in the blood for four to twenty-four hours."' 3 There are certain technical 
difficulties, however, in the administration of this mixture when it is made ac- 
cording to the original formula. The material is in a solid state at room tem- 
perature, and in order to liquefy must be heated before it is injected. 

We have studied a preparation containing pure penicillin G which is a 
modification of the original formula. Merck & Company, Inc., from whom it 
was obtained, state that the procedure employed in its manufacture “alters the 
physical state of the menstruum and substantially reduces the viscosity at all 
temperatures.” 4 *' We found that this material became fluid within fifteen to 
thirty minutes after it was removed from the refrigerator to room temperature 
and that it was not necessary to heat it before it was administered. In the pres- 
ent paper we are reporting the results of our study of the absorption of this 
mixture and of its use in patients with various infections. 

STUDIES ON ABSORPTION 

Both crystalline sodium penicillin G and purified calcium penicillin G were 
administered to an equal number of patients. We found no difference between 
the two salts, except that the sodium penicillin was lighter in color and be- 
came fluid more quickly at room temperature. Each cubic centimeter contained 

Prom the George Washington University Medical Division, Gallinger Municipal Hospital, 
and tlie Department o £ Medicine, George AVashington University School of Medicine. 
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‘Stable at room temperature for at least six months. 
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300.000 units in refined peanut oil containing 4.8 per cent (W f\ ) of U . S. P. 
bleached beeswax. It was administered by using separate 18 or 20 gauge needles 
for withdrawal and for injection. It was found necessary that both the syringes 
and the needles be absolutely dry. 

Twenty subjects without any evidence of impaired renal function or of 
cardiac or hepatic failure were given 300,000 units of the penicillin, contained 
in 1 c.c. of wax and oil, deep in the gluteal muscles. Eleven patients received 
the sochum salt and nine the calcium penicillin, hut since no differences were ob- 
served in the scrum concentrations obtained the two preparations will he con- 
sidered together. Blood for penicillin determinations was taken at three-hour 
intervals for twelve hours starting twelve hours after injection in sixteen sub- 
jects and during the whole twenty-four hour period following injection in four 
patients. Serum concentrations of penicillin were determined by a modification 
of the method of Eammelkamp. 3 The results are shown in Table I. Mono of the 
patients had air assayable concentration of penicillin in the serum at twenty- 
four hours. Five subjects had significant concentrations at twenty hours, ton 
at eighteen hours, and fourteen at fifteen horn’s. All but two of the subjects 
had detectable concentrations of the antibiotic in their serum at twelve hours. 
Concentrations ranging from 0.625 to 5 units per cubic centimeter of serum 
were found in four subjects three to nine hours after injection. In tiro subjects 
concentrations of 1.25 and 0.156 units per cubic centimeter were found in the 
serum fifteen and thirty minutes, respectively, after injection. 


Table I. Serum Concentrations of Penicillin (Units Pee Cubic Centimeter) Following 
Single Intramuscular Injections of 300,000 Units (1 c.c.) or 
Penicillin-Bf.esw ax-Peanut Oil Mixture 


PATIENT 

3 HR. 

6 HR. 

9 HR. 

12 HR. 

15 HR. 

IS HR. 

21 HR. 

24 nr.. 





0 

0 

0 

0 

0 

15 




0 

0 


0 

0 

n 




1.25 

0 

0 

0 

0 

12 




0.312 

0 

0 

0 

0 

1(5 




0.039 

0 


0 

0 

« 




0.156 

0.07S 

0 

0 

0 

in 




0.312 

0.039 

0 

0 

0 

17 




0.625 

0.07S 


0 

0 

IS 




0.312 

0.07S 


0 

0 

2 

2.5 

1.25 

1.25 

1.25 


0 

0 

0 

i 

1.25 

0.G25 

0.625 

0.625 


0.039 


0 

T 




0.625 

0.156 

0.039 

0 

0 

3 

5.0 

1.25 

1.25 

1.25 


0.07S 


0 

4 

5.0 

5.0 

5.0 

5.0 

2.5 

0.625 

0 

0 

13 




1.25 

0.156 

0.07S 

0 

0 






0.625 

0.0 7S 

0.07S 

0 

5 




2.5 

0.625 

0.625 

0.312 

D 





5.0 

0.07 S 

0.07 S 

0.07S 

0 

19 




0.625 

0.312 


0.039 

0 

20 




0.625 

0.156 


0.039 

0 


inn non itnif , uu A"° occasions from one patient who was 

300,000 units twenty -tour hours alter a preceding injection, and no 


receiving 

penicillin 


Daily injections of 
was detectable. 


Since significant concentrations of penicillin were found in the serum of 
° f the sublcels studied for only twelve hours following the injection of 
JOU.OOQ units, it was decided to study the absorption of 600.000 units of peni- 
cillin m wax and oil, contained in 2 c.e. of the mixture. Thirty-six subjects 
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were given either the sodium or the calcium prcparalion deep in the thigh or 
gluteal muscles. Blood for penicillin determination was taken at four-hour 
intervals thereafter for twenty-four hours in four subjects and at the same 
intervals starting twelve hours after injection in thirty-one patients. The 
results are shown in Table II. Twelve of the thirty-six subjects studied had 
assayable concentrations of penicillin in their serum at twenty-four hours, 
twenty at twenty hours, and twenty-nine at sixteen hours. In only two pa- 
tients was there no evidence of penicillin in the serum at twelve hours. Con- 
centrations of penicillin ranging from 0.332 to 30 units per cubic centimeter 
were found in the serum of five subjects four and eight hours after the injec- 
tions. Two subjects had serum concentrations of 3.25 units per cubic centi- 
meter thirty minutes after administration of the mixture. 

Kirby and associates' 3 found that a higher percentage of jiaticnfs had de- 
tectable concentrations of penicillin in their blood at twenty-four hours follow- 
ing subcutaneous injection of 600,000 units of penicillin in beeswax and pea- 
nut oil than following intramuscular injection of a similar amount. Conse- 
quently, we gave twenty subjects 600,000 units of penicillin, contained in 2 c.c. 


Table II. Serum Concentrations or Penicillin (Units Per Cubic Centimeter) Follow- 
ing Single Intramuscular Injections op G00, 000 Units (2 c.c.) 
of Penicillin-Bees w ax-Peanut Oil Mixture 
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o£ wax and oil, subcutaneously. Blood was obtained at four-hour intervals foi 
twelve hours starting twelve hours after injection in thirteen subjects and at 
four, eight, sixteen, twenty-four, and twenty-eight hours after injection in seven 
subjects. The results are shown in Table III. All but one of tbc patients had de- 
tectable concentrations of penicillin in the serum at twenty-four hours. In 
two subjects absorption was irregular. 


T\ri.e III Serum Coxcextuatioxs or Pexicu.utn (Units Per Cubic Centimeter) lou.ow- 
ing Singue Subcutaneous Injections of 000.000 Units (2 c.c.) or Penicillin- 
Beeswax-Peanut On. Mixture 


PATIENT 

4 HP.. 

S HP.. 12 HP.. 

10 nr,. 

20 HR. 

24 nr.. 

28 Tip.. 

i 


0.15G 

0.039 

0 

0 


9 

2.5 

5.0 

0.312 


0.07S 

0 

3 

10.0 

10.0 

0.07S 


0.07S 

0 

4 


10.0 

0.312 

0.039 

0.039 


5 


0.025 

0.312 

0.312 

0.07 S 


0 


10.0 

0.156 

0.15G 

0.156 




0.G25 

0.C25 

0.156 

0.156 


s 


0.312 

0.312 

0.312 

0.156 


9 


0.312 

0.15G 

0.156 

0.156 


10 


0.15G 

0 

0.156 

0.156 


11 


20 .0 

0.625 

1.25 

0.312 


12 


5.0 

2.5 

1.25 

0.312 


13 


2.5 

2.5 

0.625 

0.312 


14 


0.625 

0.312 

0.312 

0.312 


15 


1.25 

0.625 

0.G25 

0.312 


10 

40.0 

5.0 

0.625 


0.07S 

0.07S 

17 

2.5 

1.25 

0.625 


0.625 

0.156 

IS 

5.0 

2.5 

0.625 


0.312 

0.156 

19 

2.5 

0.625 

0.625 


0.312 

0.312 

20 

2.5 

1.25 

0.312 


0.125 

0.312 


CLINICAL STUDY 

Thirty-two patients with various infections have been treated with either 
sodium or calcium penicillin in wax and oil. In Table IV are shown tbe results 
of the treatment of these infections and the dosage schedules employed. The 
seven patients with gonorrhea had previously failed to respond to doses up to 
400,000 units of commercial penicillin in aqueous solution and consequently were 
treated with a single injection of 600,000 units of penicillin in wax and oil. Ali 
had clinical and laboratory evidences of prompt and complete cure which were 
verified by follow-up examinations two, seven, fourteen, and twenty-one days 
after treatment. Six patients with gonococcal arthritis were treated with 
doses of 300,000 to 600,000 units every twelve horns. One patient failed to re- 
spond to a course consisting first of 300,000 units and later of 600,000 uni ts 
given twice a day for a total of fourteen days. No improvement was noted 
despite the fact that, penicillin concentrations of 0.625 unit per cubic centimeter 
were found in the joint fluid, whereas only 0.039 unit per cubic centimeter were 
required to inhibit the gonococcus in vitro. There was no response to an ad- 
ditional course of penicillin in isotonic salt solution, 50,000 units intramuscularly 
every three hours for five days. The patient ultimately recovered coincident 
with the administration of sulfadiazine. 

Two patients with salpingo-oophoritis were treated with penicillin in wax 
and oil. The causative agent in the ease of one patient was the gonococcus ; in 
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Table IV. Results of Clinical Study or Penicillin in Beeswax and Peanut Oil 


DISEASE 

NUMBER Or 

patients 

plan op therapy 

( UNITS) 

nnsur/rs 

Gononhea 

7 

000,000 

Recovered 

Gonococcal arthritis 

6 

300,000 to GOO, 000 once or 
twice a day for 8 to 10 days 

.1 Recovered 
l Unimproved 

Salpingo-oophoritis 

2 

300,000 twice a day for 5 days 

Recovered 

Secondary syphilis 

1 

300,000 once a day for 10 days 

Serologic titer "zero 3 
months after completion 
of therapy 

Nubacute bactciial 
endocarditis 

1 

300,000 twice a day for 12 
days, then 000,000 once a 
day for 14 days 

No evidence of infection 2 
months after completion 
of therapy 

Infections of skin 

!) 

300,000 to 000,000 once or 
twice a day for 3 to 14 days 

Recovered 

Erysipelas 

1 

000,000 once a day for 5 days 

Recovered 

Otitis media 

o 

000,000 once a day for 3 to S 
days 

Recovered 

Tonsillitis and 
pharyngitis 

2 

000,000 once a day for 5 days 

Recovered 

Laryngitis and 
bronchitis 

1 

000,000 once a day for 5 days 

Unimproved 


the other the agent was not identified. Both patients noted marked relief of 
pain and discomfort within twenty-four hours after treatment was started. The 
temperature returned to normal within this period of time. Convalescence was 
uneventful and the drug was discontinued after five days. 

One patient with secondary syphilis was given a course of penicillin in wax 
and oil consisting of 300,000 units once a day for sixteen days for a total of 
4,800,000 units. The course of therapy was uneventful, and three months after 
completion of treatment the patient’s serologic titer had fallen to zero. 

Penicillin in beeswax and peanut oil was administered to one patient with 
subacute bacterial endocarditis due to a Streptococcus vmdans. He made a 
spectacular response following the initiation of treatment with his preparation 
in doses of 300,000 units every twelve hours. This was later changed to 600,000 
units once a day. The patient made an uneventful recovery following fifty-six 
days of treatment and has remained free of evidences of infection two months 
after completion of therapy. 

Nine patients with cellulitis and one with erysipelas were treated with doses 
of 300,000 to 600,000 units once or twice a day for three to ten clays with com- 
plete resolution of the infection in each case. In one patient the area of cellu- 
litis surrounded a large abscess which was incised and drained. A hemolytic 
Staphylococcus aureus was cultured from the pus. Still another patient de- 
veloped scarlet fever in addition to the cellulitis, and recovery was uneventful 
despite the complication. 

Two patients with acute catarrhal otitis media and one patient with ton- 
sillitis and pharyngitis caused by a hemolytic streptococcus recovered with the 
use of this preparation of penicillin in doses of 600,000 units once a day for five 
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to eight days. The only other therapeutic failure was in a patient with a non- 
specific laryngitis and bronchitis treated with 600,000 units of penicillin once a 
day for five days. 

DISCUSSION 

The injection of 300.000 units of penicillin in wax and oil resulted in con- 
centrations of at least 0.156 unit per cubic centimeter of serum twelve horn's 
after administration in seventeen of twenty patients (S5 per cent). An ad- 
ditional patient exhibited a concentration of 0.03!) unit per cubic centimeter in- 
creasing to 90 per cent the incidence of significant concentrations of the antibiotic 
in the serum at twelve hours. These concentrations of penicillin have been found 
to be bactericidal for most penicillin-sensitive organisms. Seventy per cent of the 
patients studied had serum concentrations of 0.039 unit per cubic centimeter, or 
more, fifteen hours after the injection: 50 per cent exhibited those concent l ations 
at eighteen hours and 25 per cent at twenty-one hours. 

Increasing the dose to 600,000 units resulted in serum concentrations of 
0.07S unit per cubic centimeter, or more, at twelve hours in thirty-four out of 
thirty-six patients (9-1 per cent). Twenty-nine patients (80 per cent) had 
effective concentrations of the antibiotic in their serum at sixteen hours and 
nineteen (54 per cent) at twenty hours. One-third of the patients studied were 
found to have serum concentrations of penicillin of at least 0.07S unit per cubic 
centimeter twenty-four hours after injection. 

The injection of 600,000 units of penicillin in wax and oil subcutaneously 
resulted in high concentrations for as long as twenty-four hours after injection 
in all except one of the patients studied. 

The concentrations of penicillin in the blood reported by Kirby and asso- 
ciates 5 following the intramuscular injection of 300,000 units of penicillin in 
beeswax and peanut oil were present for a shorter time than those reported by 
Rornansky and Rittman 2 who used a similar preparation. 

Both of these groups of investigators employed a preparation made accord- 
ing to the original formula devised by Rornansky. Our results with the modified 
formula are essentially the same as those obtained by Kirby and associates. 3 

Thirty-two patients with various infections amenable to penicillin were 
treated with this preparation. The results were as satisfactory as those obtained 
with penicillin administered in aqueous solution or with penicillin made accord- 
ing to the original formula. 7 ' 12 

Only slight to moderate local pain occurred when the preparation was in- 
jected intramuscularly. This discomfort began immediately and usually lasted 
only a minute or two, very occasionally as long as three or four hours. Most of 
the patients complained of moderate to marked pain immediately after sub- 
cutaneous injection and developed a painful tender nodule which persisted for 
several days. Eleven days after a subcutaneous injection of 600,000 units of 
penicillin, one patient dc\ eloped an area of induration and amrioneurotic edema 
3 inches in diameter without constitutional symptoms. This subsided within a 
week on symptomatic measures. 
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It is obvious that any modification of penicillin which will permit injec- • 
tions to be spaced at twelve- to twenty-four hour intervals will be advantageous, 
particularly in the case of patients with such diseases as subacute bacterial endo- 
carditis or syphilis who have to be treated for long periods of time. Therapy is 
simplified in infections which require treatment for several days. This method 
of treatment is ideal also for patients with gonorrhea since it can be carried out 
with one injection. The high serum concentrations obtained during the first 
few hours following injection make it likely that infections caused by organisms 
which are relatively resistant to penicillin can be treated satisfactorily by 
proper regulation of the dose and time interval. These advantages have been 
offset, in the past, by the difficulty 7- inherent in the administration of penicillin in 
peanut oil and beeswax as prepared by the original Romansky formula. We 
believe that the modified preparation which we have used eliminates this diffi- 
culty in administration, at the same time retaining all the other advantages of 
the original preparation. 


SUMMARY AND CONCLUSIONS 

1. A new preparation of penicillin incorporated in peanut oil and beeswax 
has been studied to determine its rate of absorption and its therapeutic efficacy. 

2. The intramuscular injection of 1 c.c. containing 300,000 units of 
penicillin resulted in assayablc concentrations of penicillin in the scrum for 
twelve hours in 85 per cent of the patients studied, with measurable concentra- 
tions persisting for as long as twenty-one hours in 25 per cent. Following an 
intramuscular injection of 2 c.c. containing 600,000 units, detectable concentra- 
tions were found in 90 per cent of the subjects at twelve hours and in one-third 
of the patients for twenty-four hours. An injection of 600,000 units subcu- 
taneously resulted in detectable concentrations of penicillin in the blood for 
twenty-four hours in all but one of the subjects studied. 

3. Twenty-seven patients suffering from various infections were treated 
with doses varying from 300,000 to 600,000 units once or twice per day. The 
results were similar to those obtained with the use of other preparations of 
penicillin in beeswax and oil or with equivalent per (licm doses of penicillin in 
aqueous solution. 

4. The preparation used by us was found to be easier to administer than 
the preparations made according to the original Romansky formula. 

We wish to thank Dr. William W. Zeller, for his assistance in the completion of these 
studies, and Miss Joan Rowe, for technical assistance. 
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PHARMACODYNAMIC EFFECT IN MAN OF STREPTOMYCIN 
CONTAINING A HISTAMINE-LIKE FACTOR 

William L. Hewitt, M.D., and John J. Curry, M.D. 

Boston, Mass. 

I N A systematic study of the pharmacodynamic effects of streptomycin in 
animals, it has been demonstrated that the reactions to the pure compound 
differ from those of preparations which contain impurities. 1 Administration 
to man of streptomycin containing these impurities has resulted in severe re- 
actions and in two instances deatli has occurred. 2 Solutions containing one 
of these contaminants produce a sudden fall in arterial blood pressure, periph- 
eral vasodilatation, and inhibition of water diuresis when injected into rabbits. 
However, when the solutions are incubated with histaminase prior to injection, 
these reactions do not occur. 3 Therefore, it has been considered generally that 
the impurity is histamine. Herein are presented additional data concerning the 
phai-macodynamic effects' of this impurity of streptomycin solutions in man. 
For convenience, streptomycin solutions containing the histamine-like contam- 
inating substance will be designated H-streptomyein and regular commercial 
streptomycin will be designated C-streptomycinA 

MATERIALS AND METHODS 

Young adults who were in the terminal phases of penicillin therapy for 
primary and secondary syphilis but who were otherwise in good health and gave 
no personal or familial history of allergic disorder were used as subjects. 
Ii-streptomycin was dissolved in sterile distilled water in concentration of 
100 mg. per cubic centimeter for intramuscular administration and further 
diluted to 5 mg. per cubic centimeter in phj'siologic saline for intravenous use. 
Control observations were made using C-streptomycin prepared for adminis- 
tration in a similar manner. Benadryl was dissolved in physiologic saline in 
a concentration of 30 mg. per 50 c.e. for intravenous use. 

H-streptomycin was then injected intramuscularly in 100 to 500 mg. doses 
and intravenously in 50 mg. doses, and observations were made with special 
attention to peripheral vasodilatation, blood pressure, pulse rate, headache, and 
palpitation. The effectiveness of benadryl, a potent antihistamine substance, 
in altering these reactions was next observed by administering a dose of 10 
mg. of benadryl intravenously five to seven minutes prior to the intramuscular 
injection of 500 mg. of H-streptomycin. In other subjects a dose of 10 mg. 
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of benadrvl was given intravenously one minute after the intravenous infec- 
tion of 50 mg. of H-streptomvcin was begun and when the histamine-like 
reaction to it was well established. Comparatively small doses of benadrjl 
were used because our supply of the drug was limited. 

The effect of H-streptomycin on the gastric secretion was studied in nine 
subjects by analysis of the volume and free and total acidity of the gastric 
contents prior to and after the intramuscular injection of 500 mg. of IT- 
streptomyein. 

In two asthmatic subjects the effect of 50 mg. of H-streptomycin on the 
vital capacity was studied by methods previously described/' = Control ob- 
servations were made using histamine base and C-streptomyein. The effec- 
tiveness of benadrvl in preventing the reduction in the vital capacity which 
followed the injection of H-streptomycin and histamine base was then determined. 


RESULTS AXD COMMENT 

Intravenous administration of 50 mg. of H-streptomycin produced a char- 
acteristic response in all of twenty patients tested. This consisted of a sen- 
sation of facial or generalized warmth, palpitation, throbbing headache, and 
objective evidence of peripheral vasodilatation by observation of facial suf- 
fusion. No notable alteration occurred in the pulse rate, respiration, or blood 
pressure, as determined by the usual clinical methods. Intramuscular admin- 
istration of doses up to 500 mg., however, produced these changes in only 48 
per cent of twenty-three individuals tested with the largest dose, 500 mg., and 
the reactions when present were frequently less severe than following intra- 
venous administration of the drug (Table I). In seven subjects, when the 
intravenous administration of H-streptomycin was initiated and the character- 
istic response was evident, 10 mg. of benadrvl were injected intravenously in 
the opposite arm. A prompt and marked amelioration of symptoms followed, 
and rapid blanching of the facial suffusion was noted despite the continued 
administration of the remainder of the 50 mg. dose of H-streptomyein. A dose 
of 10 mg. of benadryl was given intravenously to six subjects who previously 
showed sensitivity to intramuscular H-streptomycin, and five to seven minutes 
later the intramuscular administration of 500 mg. of H-streptomycin failed to 
produce the characteristic response. 

A stimulating effect of H-streptomycin on the gastric secretion which 
closely resembles a histamine response is shown in Table n. A significant 
increase in free acidity and an increased total volume occurred in at least seven 
of the nine subjects studied. 

In two asthmatic subjects it was previously shown that a quantitatively 
similar decrease in vital capacity followed the intravenous injection of iden- 
tical amounts of histamine. Therefore, in Subject B. R.. after a control in- 
jection of 50 mg. of C-streptomycin administered intravenously had produced 
no notable effect, a dose of 50 mg. of H-streptomycin was given by the same 
route, and vital capacities were recorded at intervals. The rednetion in vital 
capacity that followed was similar to the reduction produced by the intra- 
venous administration of 0.01 mg. histamine base. The protection afforded 
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Table I. Effect of Parenteral Administration of Streptomycin Containing 

Histamine-like Factor 


NUMBER OF 
SUBJECTS 

DOSE 

(MG.) 

ROUTE OF AD* 
MINISTRATION 


PALPITA- 

TION 

FLUSH 

NO 

REACTION 



I.V. 

12 

3 

19 

0 

c 


I.M. 

0 

0 

1 

5 

21 


or. 

2 


o 

17 

23 


I.M. 

3 

0 

9 

12 


Table II. Effect of Streptomycin Containing IIistamine-like Factor on 

Gastric Secretion 


SUBJECT 

VOLUME ! 

FREE HYDROCHLORIC ACID 

BEFORE | 

1 H-STREPTOMYCIN I 

1 (e.c.) 

AFTER | 

n-STREFTOMVCIN 
(c.c.) 


AFTER 

H-STREPTOMYCIN 
( UNITS) 

H. T. 

30 

175 

17 

97 

.1. B. 

33 

75 

23 

35 

G. II. 

20 

30 

0 

20 

E. B. 

15 

100 

15 

00 

L. S. 

10 

30 

0 

55 

J. J. 

14 

58 

0 

82 

C.N. 

50 

55 

0 

90 

E. H. 

15 

40 

0 

102 

E.H. 

32 

42 

0 

05 


by 30 mg. of benadiyl given intravenously against the reduction in vital 
capacity produced by 50 mg. of H-streptomycin and 0.01 mg. of histamine 
base likewise was similar. However, when 4 mg. of aeetyl-/?-methylcholine 
chloride was injected intramuscularly thirty-four minutes after the benadryl 
was given, a pronounced decrease in vital capacity occurred, and epinephrine 
was necessary to afford relief from the induced asthmatic-like attack (Fig. 1). 

In Subject J. D., after administration of 50 mg. of C-streptomycin had 
produced no notable effect, 50 mg. of H-streptomyein were injected intrave- 
nously, and the vital capacity was recorded at intervals. The reduction in 
vital capacity that followed was similar to the reaction due to the intravenous 
injection of 0.02 mg. of histamine base. As in the previous ease, 30 mg. of 
benadryl administered intravenously afforded a similar protection against the 
reduction in vital capacity due to 50 mg. of H-streptomycin and 0.02 mg. of 
histamine given by vein. The reduction in vital capacity that followed the 
intramuscular injection of 1.0 mg. of acetyl-/?-methylcholine chloride was not 
affected by the administration of benadryl (Fig. 2). In these two astlunatic sub- 
jects the reaction of the tracheobronchial tree to H-streptomycin and to hisl amine 
was similar. The protection afforded by 30 mg. of benadryl against H-strep- 
tomyein and histamine was likewise similar. The failure of benadryl in the 
dosage nsed to protect against the reduction in vital capacity due to acetyl-/?- 
methylclioline chloride appears to indicate that the streptomycin contaminant 
is not related to acetyl-/?-methylcholine chloride. Since it has been shown pre- 
viously that under certain circumstances quantitatively similar amounts of 
bronclioconstriction can be produced by identical amounts of histamine, it 
may be possible to determine quantitatively the amount of histamine-like con- 
taminant present in streptomycin solutions by this method. 
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SUMMARY 

1. Throbbing headache, palpitation, and peripheral vasodilatation were ob- 
served uniformly in twenty young adult subjects following the intravenous 
administration of 50 mg. of streptomycin containing a histamine-like factor, 
but a similar histamine-like reaction was observed in only 48 per cent of 
twenty-three subjects following intramuscular administration of 500 mg. of 
the same material. 

2. Small doses of benadryl given intravenously were effective in amelior- 
ating these reactions to II-streptomycin. 

3. In nine fasting young adult subjects, 500 mg. of streptomycin contain- 
ing a histamine-like factor, administered intramuscularly, produced a signifi- 
cant increase in total volume of gastric secretion and the amount, of free acid 
present. 

4. In one asthmatic subject the intravenous administration of 50 mg. of 
IT-streptomycin and 0.01 mg. of hist amine base produced a similar degree of 
reduction in the vital capacity which was almost completely prevented by 
30 mg. of benadryl given intravenously. In another subject essentially similar 
results were achieved when 0.02 mg. of histamine base was administered. 
Benadryl in the dosage used afforded no notable protection against the reduc- 
tion in vital capacity due to aeetyl-/?-methylcholine chloride. 

5. These studies in man furnish further evidence that one of the contam- 
inating substances of impure solutions of streptomycin is histamine. 
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HISTAMINE ANTAGONISTS 

VI. Comparative Axtihistamixic Activity of Some Etiiyekxediamine Dregs 

ix the Guixea Pig 

Sidxf.y Friedeaender, M.D.. Detroit, Mich., and Samuel hi. Ff.ixberg, hl.D., 
axo Alax P. Feixberg, hl.D.. Chicago. Iee. 

R APID progress in the field of histamine antagonists has resulted in the de- 
development of several synthetic compounds which have proved successful 
to some degree in alleviating certain allergic manifestations in man. All of these 
substances are chemically and pharmacologically related. Among the first to be 
introduced in this country was benadryl. a benzhydryl ether of /3-dimethyl- 
aminoethanol. 1 In France. N' phenyl-N' benzyl-N-dimetliylcthylenediamine 
(antergan) has been used clinically since 1942. 2 A search for more potent and 
less toxic compounds led to the development of two other substances, pyri- 
benzamine 3 and neoantergan. 4 The former differs from antergan only by sub- 
stitution of the pyridil for the phenyl ring, while neoantergan differs from 
pyribenzamine only by the addition of a methoxy group on the benzyl ring 
(Table I). A comparative study of the antihistaminic activity of these four 
compounds was undertaken, in order to serve as a basis for future studies in 
anaphylaxis.* 

experimextae 


The guinea pig responds to intravenous doses of histamine with charac- 
teristic bronehospasm and asphyxia difficult to distinguish from that observed in 
anaphylactic shock. The effect is rapid in onset, and death from fatal doses 
occurs within a few moments. Post-moTtem examination reveals the charac- 
teristic pale emphysematous lungs in each instance. Unlike anaphylaxis, non- 
fatal histamine shock does not confer immunity to subsequent injections of his- 
tamine. In the present experiments the histamine was injected into the penile 
veins of adult male guinea pigs. The intracardiac route was avoided because 
of the possibility of fatalities from the direct action of histamine on the coronary 
circulation or other cardiac tissues. 

From preliminary experiments 3 we determined that 0.-4 mg. per kilogram of 
histamine,! calculated in terms of the base, killed all control animals. Shock 
occurred in all guinea pigs from 0.3 mg. per kilogram but terminated fatally 
in only 50 per cent. All animals survived a dose of 0.1 mg. per kilogram of 
histamine. In order to determine as objectively as possible the degree of anti- 
histaminic activity of each of these compounds, the amount of histamine neces- 
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sary to produce 100 per cent mortality in a group of guinea pigs receiving a 
standard dose of the drug was determined. In each instance the standard pro- 
tective dose was 3 mg. per kilogram and was administered intraperil oneally 
fifteen minutes prior to the intravenous injection of histamine. It was pre- 
viously determined that none of the solutions produced fatal toxic symptoms on 
intraperitoneal injection in doses below 50 mg. per kilogram. Animals surviving 
histamine shock were not used again for at least forty-eight hours. 

RESULTS (TABLES II AND Hi) 

In those animals protected with 3 mg. per kilogram of benadryl, the dose 
fatal to all controls (0.4 mg. per kilogram of intravenous histamine) produced 
only a 29 per cent mortality. Two milligrams per kilogram were necessary to 
kill all benadryl-protected animals. Antergan gave approximately the same 
amount of protection, 2.4 mg. per kilogram of histamine being required for the 
100 per cent fatal dose in animals receiving this drug. Equivalent doses of 
pyribenzamine afforded more protection against histamine than either benadryl 
or antergan. The animals receiving pyribenzamine exhibited little evidence of 
shock from doses of histamine as high as 2.0 mg. per kilogram. The majority re- 
covered from histamine shock produced by 10 mg. per kilogram, while a dose of 
15.0 mg. per kilogram was found fatal for all guinea pigs in this group. 
Neoantergan, which is only slightly different in chemical structure from pyri- 
benzamine, conferred even greater protection on some animals. While 10 mg. 
per kilogram of histamine produced approximately the same mortality in this 
group as in the pyribenzamine-protected guinea pigs, more than half of the 
neoantergan animals were able to survive doses of 25.0 mg. per kilogram. Fifty 
milligrams per kilogram of histamine were found to be the 100 per cent fatal 
dose in this group. On the basis of the number of lethal doses of histamine re- 
quired to produce 100 per cent mortality in animals protected with a standard 



HISTAMINE ANTAGONISTS 


49 


Table II. Protective Effect of Benadryl and Antergan 



CONTROL GROUP 

GROUP RECEIVING 
BENADRYL, 3 MG./KG. 
(MORTALITY) 

GROUP RECEIVING 
ANTERGAN, 3 MG. /KG. 


(MORTALITY) 

(MORTALITY) 

HISTAMINE I.Y. 

Total deaths 

Total deaths 

Total deaths 

[MG. (BASE) /KG.] 

Total used (%) 

Total used (%) 

Total used (%) 


.03 to 0.1 

0/3 

0 





0.2 

2/6 

33 





0.3 

3/6 

50 

0/5 

0 



0.4 

10/10 

100 

2/7 

29 

0/10 

0 

0.8 to 1.6 



2/6 

33 

6/10 

60 

2.0 



6/6 

100 

4/5 

80 

2.4 





9/9 

100 


Table III. Protective Effect of Pyribenzamine and Nkoantergan 


1 


GROUP RECEIVING 

GROUP RECEIVING 



TYRIBENZAMINE, 

NEOANTEP.GAN, 


CONTROL GROUP 

3 MG./KG. 

3 MG./KG. 


(mortality) 

, A ^ 

(MORTALITY) 

(MORTALITY) 

HISTAMINE I.Y. 

Total deaths 

Total deaths 

Total deaths 

[MG. (BASE) /KG.] 

Total used (%) 

Total used (%) 

1 Total used (%) 


0.2 

0.3 

0.4 

0.18 to 1.6 

2.0 

2.4 to 4.8 

5.0 

5.2 to 0.4 
6.8 to 9.0 

10.0 

11.0 to 13.0 

15.0 

20.0 

25.0 

30.0 

40.0 

50.0 


2/6 

3/0 

10/10 


33 

50 

100 


0/6 

0 

0/5 

0 

0/5 

0 


0/4 

0 

0/6 

0 

1/6 

16 


2/6 

33 

0/10 

0 

1/5 

25 


1/5 

25 



2/5 

40 

9/24 

37 

5/8 

62 


10/10 

100 

9/19 

47 



4/9 

44 



5/11 

45 



7/10 

70 



S/10 

10/10 

80 

100 


Table TV. Axtiiiist amixic Activity 


3 MG./KG. OF 

PROTECTIVE DRUG 

NUMBER OF LETHAL DOSES OF 
HISTAMINE NECESSARY TO PRODUCE 
100% MORTALITY 

Benadryl 

Antergan 

5 

Pyribenzamine 

6 

Xeoantergan 

37 

325 


jV”' r h dr ?- S ’ p .f ibem f min « appear to be approximately 6 to 

limes more active than either bcnailryl or ante roan, while neoantermm would 
I ossess almost 3.o times the activity of pyribenzamine (Table IY). 


i-'AOOUSJSiU.N 


is striHn P1 ' 0te i ti - Ve r ftGCt ° f theSC aSentS a?aiDSt the lethal eff eds of histamine 
s stnkmg and indicates a great, degree of specific antagonism Various in 

' estigators have reported that these compounds also exert marked an“* 





50 


FKIEDLAENDKR, FKINBERG, AXI) FKIXJ1KRG 


anaphylactic activity. 2 * s * c ' 7 Tliis action together with the beneficial effects ob- 
served in certain allergic disorders is in accord with the theory that histamine 
plays an important role in anaphylaxis and allergy. In our own experiments 
we also found these drugs capable of modifying anaphylaxis in the guinea pig. 
Preliminary studies did not show a marked difference in the antianaphyladie 
activity of these compounds comparable to the variation exhibited in histamine 
shock. Further experiments are being carried out in order to clarify, if pos- 
sible, this apparent discrepancy. 


SUMMARY 

A comparison was made of four antihistamine substances, bcnadryl, pyri- 
benzaraine, antergan, and neoantergan. All compounds afforded some protec- 
tion to guinea pigs against the fatal effects of intravenous histamine. Five to 
six times the LD 100 of histamine was necessary to kill all animals protected 
with 3 mg. per kilogram of bcnadryl or antergan. The same dose of pyri- 
benzamine was able to protect some animals against as much as thirty-five lethal 
doses, while neoantergan protected some animals against as much as throe times 
tliis amount of histamine. 
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UNUSUAL INSTANCES OF AURICULAR FLUTTER 

S. F. Aroxsox, H.D., axd L. N. Katz, M.IL 
Chicago. Im„ 

T HE finding of either 1:1 or persistent 3:1 A-V conduction in auricular 
flutter is so rare that their occurrence merits attention. Two case histoiies, 
each illustrating one of these mechanisms elect rocardiographicallv, aic pic- 
sented. 

CASE REPORTS 

Case 1. — The first case is that of a 42-year-old white man with a bronchogenic carcinoma 
and extensive metastnses which caused almost complete obstruction of the esophagus. A gas- 
trostomy was performed to relieve the efTeets of compression. The patient became progres- 
sively weaker during his hospital stay. On the evening of the forty-ninth postoperative 
day, the heart rate became rapid (160 heats per minute) and irregular with a pulse deficit. 
The rate continued to increase until it was too rapid to he accurately counted. The pa- 
tient’s body became covered by a cold and clammy perspiration, the skin developed a 
cadaveric hue, and loud bubbling rales could be heard throughout the chest. lie lost con- 
sciousness and the blood pressure could not be obtained. Oxygen therapy was immediately- 
instituted and an electrocardiogram was taken (Fig. 1). This showed a ventricular Tate 
of 296 heats per minute. Deep pressure applied over the right and left carotid sinuses had 
no effect on the ventricular rate. About three hours after' the onset of the rapid heart 
rate, 0.4S Gm. of quinidine was given intramuscularly with massage and heat over the 
injection site to aid in absorption. Ten minutes later, one of the house physicians in 
attendance noted that the heart rate counted at the apex was 14S beats per minute and 
regular, and “flutter waves’’ at twice this rate were visible in the neck veins. The pa- 
tient regained consciousness and responded to questioning. The slower ventricular rate 
. persisted until the patient’s death, which occurred several hours later. The slowing of the 
heart rate so soon after the intramuscular injection of the quinidine naturally* raises doubt 
that it was due to this drug. Unfortunately, an electrocardiogram demonstrating 
the change in the heart rate was not obtained, but because the slower rate was exactly- 
one-half that of the faster one and because of the visible auricular waves in the neck 
veins at a rate of 296, it was felt that the mechanism had converted from auricular flutter 
with 1:1 conduction to one with 2:1 conduction. 

Discussion . — Some authors 1-3 have referred to several of the difficulties 
which may be encountered in distinguishing auricular flutter from the parox- 
ysmal tachycardias. However, the gradual onset of the arrhythmia, the ex- 
tremely rapid and regular ventricular rate (296 beats per minute), the absence 
of electrical quiescence during the auricular cycles, the normal configuration of 
the QRS complexes, and the clinical observation of the halving of the ven- 
tricular rate from 296 to 148 beats per minute with flutter waves visible in 
the nech veins established the diagnosis of an auricular flutter with 1 :1 con- 
- ductihn in this ease. 

From the Cardiovascular Department, Michael Reese Hospital. 
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The occurrence of transmission of every impulse to the veutrieles is ex- 
tremely rare in aurieular flutter. In .11)33, Bedell 1 was able to find only twenty- 
four such eases reported in adults. This is explained by the normally long 
absolute refractory phase in the A-\ node which interferes with the trans- 
mission of the frequently recurring aurieular impulses, which in auricular 
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flutter have a rate usually between 250 and 400 beats per minute. Only when 
some circumstance abbreviates the duration of the refractory phase of the 
node can every impulse be transmitted. Abbreviation of the refractory 
phase of the A-Y node may occur as a result of injury or during sympathetic 
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stimulation (excitement, adrenalin). Usually t bis occurs- when the flutter 
rate is slower than 250 heats per minute. Such slowin': of the auricular flutter 
rate is best exemplified by the exhibition of quiuidine. whereby the auricular 
rate may even he slowed to below 200 impulses per minute. 



Fig. 2 . 


The other unusual feature' in this case is the fact that 11 conduction 

SrliT" V, «* W ft, vemrLwate 

tself iapid. Such rapid ventricular rates are rare. In 1937 a survey of the 

of C over l 9S0 y it y t OU ve ^ ovted eases "*ith a ventricular rate 

■ , “ S ts po1 minute. Of these seventeen eases twelve were accom- 

‘ y> " n ‘ P1K ‘ eV,dence ’ a,u! of these latter only four (includin': a 14- 
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year-old boy) were in adults. Edeilcen,* in 11)48, reported the ease of a 46-year- 
old woman in whom, twenty-two days after an acute myocardial infarction, 
paroxysms of tachycardia (either supraventricular dr 1 :1 auricular flutter) 
occurred with ventricular rates of 310 and 808 beats per minute. Ours is 
therefore another instance of ventricular tachycardia over 2S0 which was due 
to 1:1 auricular flutter. 

Cask -• — This 32-ycnr-oUl colored woman entered the hospital because of orthopnea, 
dyspnea on exertion, and swelling of the ankles for the six months - prior to admission. 
An electrocardiogram revealed auricular {hitter with a -:1 A-V conduction. With the in- 
stitution of therapy, the patient improved clinically. Other electrocardiograms showed 
persistent flutter with 2:1 and 4:1 A-V conduction and occasional ventricular premature 
systoles, the auricular rate being about 300 bents per minute. The fourth record (Fig. 2) 
revealed the very rare phenomenon of auricular flutter with u regular ventricular rate and 
a persistent 3:1 A-V conduction. Several days after this last tracing, oral quinidine, 0.2 
Gm. every two hours and a total dosage of 2.8 Gin., was given following an initial test 
dose. The auricular flutter persisted, so after a rest period of three days quinidine therapy 
was again instituted. Within a period of thirty hours the patient received a total of 0 Gnf.* 
of quinidine which was divided into three separate courses. Careful check was made for 
evidence of cinchonism; frequent cardioscopie examinations were made, and '.in electro- 
cardiogram was taken between each course. Fig. 3.-1 shows the conversion of. the flutter 
mechanism to a sinus rhythm with bigeminy (ventricular premature systoles). The bigeminy 
may have been due, in part at least, to digitalis (0,2 mg. digitnline nativcllc daily) which' 
the patient received throughout the period of quinidine administration. All medication 
was discontinued after the bigeminal rhythm was found, and an electrocardiogram tnkea 
forty-eight hours later showed a sinus rhythm with only an occasional ventricular pre- 
mature systole (Fig. 37>). 

Discussion . — Occasional cycles with 3:1 conduction in cases of auricular 
flutter with an irregular ventricular rate tire not uncommon. However, the 
occurrence in auricular flutter of a persistent 3:1 conduction is extremely 
rare. 0- 9 Thus, this case is the first one in which litis phenomenon Has been 
found in over 30,000 electrocardiograms taken at (he Michael Kcesc Hospital. 
The very regular, saw-toothed flutter waves, occurring at a rate of 270 cycles 
per minute, are best seen in Leads II and III of Fig. 2. Closer inspection will 
disclose their presence in the other leads as well. We are aware of only three 
such previous eases on record. 10 ' 12 It has been postulated that 2:1 A-V con- 
duction in auricular flutter is due to a focal interference which prevents every 
second auricular impulse from stimulating the ventricles; 4:1 A-V conduction 
would occur if a second block existed which would allow only one-half of the im- 
pulse that had penetrated the first block from reaching the ventricles. This 
would readily explain the relative frequency of 2:1 A-V conduction and the 
less common occurrence of 4:1 A-V conduction. However, this theory cannot 
account for the existence of a persistent 3 :1 A-V conduction. The presence, 
even on occasion, of persistent 3:1 conduction indicates either that the hy- 
pothesis previously stated is erroneous or that a single region of interference, 
may become so protracted as to allow the penetration of only one out of every 
three beats. 

Another interesting feature in this case is the establishment of a bigeminal 
rhythm after the flutter mechanism was broken (Fig. 3*4). Finally, in Fig. 31? 
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is illustrated tlic quinidine effect on the electrocardiogram with marked T-wavc 
inversions (except in Lead III) and the prolongation of electrical systole (0.40 
second; normal. 0.29 to 0.37 second). 


B=»" 








SUMMARY 

1. A very rare instance of auricular flutter with a 1 :1 conduction and a 
ventricular rate of 296 beats per minute is presented. 
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2. An even rarer phenomenon is shown, namely, a ease of auricular flutter 
with a persistent 3 :1 A-V conduction. 
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EFFECT OF OXYGEN ON HLALARIA 

An in Vivo Study in Ducks 

R. H. Rigdox and Nona B. Varnadoe 
' Little Rock, Ark. 

P ATHOLOGIC studies on a child dying from a Plasmodium falciparum in- 
fection. 1 on monkeys dying from Plasmodium knowlsi infection, 2 and on 
ducks dying from Plasmodium lophurae infection 3 showed lesions that were 
similar to those occurring in shock. It was suggested that'they resulted from 
anoxemia. This anoxemia resulted from the anemia produced by the rapid 
destruction of red blood cells by the plasmodia. Subsequent studies have 
shown that the blood of ducks with a severe malarial infection at the time of 
death may have only 15 to 20 per cent of the normal blood oxygen carrying 
capacity. 4 Anoxemia in malaria is again manifest when ducks with malaria 
are placed in a decompression chamber in that they succumb before the lion- 
infected birds. The length of survival in these malaria-infected ducks, when 
in the presence of decreasing amounts of oxygen, may be correlated with the 
degree of parasitemia. 

The clinical observations of Kean and associates 5 ' 6 support the role that 
shock may play in acute malarial infections in man. They presented six cases 
in support of the opinion that medical shock may develop in patients with 
algid malaria. In three of their cases there was ‘ ' hemoconcentrat ion, evidence 
of an increase in the hematocrits, red blood cell count, and hemoglobin. The 
blood pressure was lowered and there were other signs of vasomotor collapse. 

. . . The final evidence for shock in these cases was the response to replacement 
therapy. Plasma was used in three cases, whole blood transfusion in one, 
oxygen in two, ‘Eschatin’ in two, intravenous fluids in five, and epinephrine 
in five.” 

Ducks with a severe malarial infection show clinical improvement imme- 
diately when given a transfusion of duck blood. 7 The red blood cells replace 
those destroyed by the parasites ; thereby more oxygen can be transferred to 
the tissue. A study has been made to determine the effect of increasing the 
amount of oxygen available to ducks to see the effect upon the course of 
-the disease. The results.of this study are reported at this time. 

METHODS AND MATERIAL 

White Pekin ducks 2 to 4 weeks of age were used. Blood from donor birds infected 
with P. lophurae was used to infect the ducks. In each experiment a group of birds from 
the sam e hatching were inoculated intravenously with blood from the same donor bird. 

From the Department of Pathology. School of Medicine. University of Arkansas. 
Research paper No. 598, Journal Series. University of Arkansas. 
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The course of the infection was followed by counting the number of parasitized cells per 
500 red blood cells. Blood films were stained with a combination of Gicmsa’s and Wright’s 
stains. 

Total red blood cell counts were made on some of the duehs. Haymen’s fluid was 
used as the diluent. Hematocrit readings were obtained by centrifuging 30.0 c.c. of heparin- 
ized blood for thirty minutes in Win t robe tubes. Liqnncmin was the anticoagulant and 
was used in a dilution of 3 to 0. 

The oxygen chamber was 00 by 02 by 2-1 inches in size. It was made from galvanized 
iron supported by an angle iron frame. The bottom had a 2 inch drop from one end to 
the other. The top of the chamber was made of glass. The door was located at one end 
of the chamber. A wire meshed floor was placed 3 inches from the bottom. A 2 inch pipe 
was put in the bottom of the chamber at its lowest point. Water was run continuously 
into a container used for the ducks to drink from, while the overflow ran over the bottom 
of the chamber and out into a floor drain. Two small holes were made through the top of 
the chamber. A thermometer was kept in one and samples of oxygen were removed 
through the other. 

A tank of oxygen was placed adjacent to one end of the chamber. A regulator was 
used to control the flow of oxygen. The rubber tube carrying the oxygen entered the 
chamber through a hole in the top. The concentration of oxygen within the chamber was 
determined frequently with an oxylizer.* The concentration of oxygen varied during the 
experiments; usually it was kept at a concentration of 50 to 00 per cent during the flrst 
few days of the disease and then increased to SO to 00 per cent. In some experiments the 
birds u ere kept continuously within the oxygen chamber for days, while in others they 
were removed daily for short intervals to obtain blood for the tests. Samples for hemato- 
crit determination were obtained by cardiac puncture, and the birds were discarded there- 
after. Blood for cell counts and Aims were obtained by puncturing a vessel in either the 
leg or web of the foot. 


EXPERIMENTAL. 

Variations in Erythrocyte Count of Normal Duel’s Kept in Oxygen Cham- 
ber. — Six young ducks were kept in the oxygen chamber for two weeks with 
a 50 to 70 per cent concentration of oxygen. The average red blood cell count 
in these birds is shown in Fig. 1. During the first five days there was a dimi- 
nution in the total number of red cells, after which the number rapidly re- 
turned to normal levels. The erythrocyte count remained within the range 
of normal during the twelve subsequent days during which the birds were 
kept in the oxygen chamber. There was no variation in the red cell count for 
six days after the ducks were removed from the oxygen chamber. 

Effect of Oxygen on Parasitemia in Dudes Infected With P. lo'phurae . — 
Twenty ducks 15 days of age were inoculated with malaria and ten were put 
into the chamber with a concentration of 50 per cent oxygen. The parasitemia 
was followed in five birds in the oxygen chamber and in five, of the group 
kept in the duck room. The average degree of parasitemia in these two groups 
of ducks is shown in Fig. 2. The parasitemia is the same in the two groups 
until the fourth day following which time there is an increase in the number 
of parasites in the oxygen-treated group when compared with those kept in 
the duck room. By the sixth day of the disease, eight of the ten ducks with 
malaria kept in the duck room were dead, while only five of the ten ducks 
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with malaria kept in the oxygen chamber were dead. The concentration of 
oxygen was increased to approximately To to 80 per cent on the mo n* 
of the sixth dav as shown in Fig. 2. The remaining five docks m the oxygen 
chamber survived until the morning of the seventh day. These five ducks died 
within seven minutes following the time they were removed from the oxygen 

chamber. 



TIME IN DAYS 

Fig. 1. — Changes which occur in the number of red cells in normal ducks kept in an oxygen 

chamber. 



of nJf’S'n de F c ? ° r parasitemia in five ducks kept In the oxvgen chamber and 
graph. iUrtlS tept In norn,a! atmosphere. The concentration of oxygen is indicated on the 




60 


RIGDON AND VARNADOE 


Table I 


EXPERIMENTAL DAY 

OXYGEN CHAMBER 

( OSTUOI.S KEPT IN DUCK ROOM 

i 

4.1 

3.0 

2 

0.4 

S.O 

3 

1G.7 

15.0 

5 (A.M.) 

2S5.3 

127.0 

5 (P.M.) 

200.0 

120.0 

0 (A.M.) 

325.0 

15S.0 

0 (P.M.) 

300.0 

137.0 

7 (A.M.) 

129.0 

50.3 

7 (P.M.) 

05.0 

20.0 


The effect of oxygen on the parasitemia in ducks was determined in a 
second experiment in which forty-one birds 16 days of age were used. Twenty 
of these were put into the oxygen chamber on the fourth day following inocu-. 
lation. The concentration of oxygen was kept at approximately 50 per cent 
for twenty-four hours, after which time it was increased to 85 to 90 per 
cent for the following two days when the experiment was discontinued. The 
average parasitemia of twenty of these birds was 2S6 parasitized cells per 500 
red blood cells on the fourth day, at the time that the twenty ducks were put 
into the oxygen chamber. The average parasitemia of ten of these ducks in 
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the oxygen chamber after eighteen hours was 420 parasitized cells per 500 red 
blood cells, while the average of twenty control ducks was 340 cells. At 9 ,4o a~ . 
on the sixth day, eighteen ducks were dead from the group of twenty-one gn en 
malaria and kept in the duck room, while only eleven birds were dead from 
the group of twenty given malaria and put in the oxygen chamber. One ot t ic 
group removed from the oxygen chamber died about five minutes later. 

In a third experiment, twenty ducks 18 days of age were inoculated and 
ten were put immediately into the chamber with a 50 per cent concentration 
of oxygen and kept there until the fifth day, at which time the concentration of 
oxygen was increased to approximately 80 to 85 per cent. The experiment was 
discontinued on the afternoon of the seventh day. At this time five ducks 
were dead from the group of ten inoculated with malaria and put in the oxy- 
gen chamber, while only one Avas dead from the group of ten kept as controls 
in the duck room. The average degrees of parasitemia per 500 erythrocytes in 
these two groups of ducks are given in Table I. 
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Fig. 4. — The experiment as shown in Fig. 3 was repeated with the ducks kept in the 
room rather than being Put into the oxygen chamber. The parasitemia is much less in this 
proup of birds than in those kept in the oxygen chamber. The anemia and the hematocrit 
readings are similar to those shown in Fig. 3. 


The degree of parasitemia is much greater in the group kept in the oxy- 
gen chamber than it is in the control group. The peak of parasitemia appar- 
ently Avas reached at approximately the same time in the tAvo groups. It is 
not surprising to find a larger number of birds dying in the oxygen-treated 
group than in the control group, since the parasitemia AA-as much higher in the 
oxygen-treated group of ducks. 
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T]ie red blood cell count, the hematocrit readings, 'and the degree of para- 
sitemia were followed in two groups of ducks, one of which was kept within 
the oxygen chamber for the entire experiment and the second in batteries 
in the duck room. A total of forty-four ducks 16 days of age were used. The 
previously mentioned observations were made upon a different bird each day 
after which it was discarded. The concentration of oxygen within the cham- 
ber, the red blood cell count, the hematocrit reading, and the degree of para- 
sitemia are shown in Fig. 3. The results of similar observations on the control 
group are shown in Fig. 4. The peak of parasitemia was reached on the fifth 
day in both groups of ducks; however, the parasitemia was much higher in 
those kept in the oxygen chamber than it was in the control group. A pro- 
gressive decrease occurred in the number of red cells and in the hematocrit 
readings in all ducks regardless of whether they were in the control group 
or in the oxygen chamber. The red blood cell counts and the hematocrit read- 
ings of nonmalarial birds kept in the oxygen chamber with the infected birds 
decreased during the first four days following which time they rapidly in- 
creased to within the range of normal (Fig. 3). Normal ducks used for the 
controls did not show any significant variation in the red cell count and hemat- 
ocrit reading during a corresponding interval as shown in Fig. 4. 

CLINICAL EFFECT OF OXYGEN ON DUCKS WITH MALARIA 

Normal ducks kept in the chamber in the presence of 50 to 60 per cent 
concentration of oxygen showed no clinical symptoms different from those of 
normal birds kept in the batteries in the duck room. Ducks inoculated with 
P. lophurae and put immediately in the oxygen chamber progressively became 
pale and weak and ultimately succumbed in a manner identical with that of 
the ducks with malaria kept in the duck room. However, ducks with a high 
degree of parasitemia, an anemia, weakness, and a rapid respiratory rate, 
when put into the chamber with a 50 to 60 per cent concentration of oxygen, 
immediately showed an increase in activity, and the respirations decreased 
in frequency and apparently became deeper. The ducks looked markedly im- 
proved almost immediately. 

There is little difference in the time that death beeurs in groups of ducks 
put into the oxygen chamber immediately following inoculation when com- 
pared with the controls kept in the batteries in the duck room. There is, 
however, a definite increase in the length of survival of malaria-infected birds 
put into the oxygen chamber on the fourth day of the disease as compared 
with a similar group kept only in the duck room as shown in Fig. 5. 

In this experiment, twenty-five ducks 16 days of age were inoculated with 
malaria. On the fourth day at 10:00 a.m. the average parasitemia in ten of 
these ducks was 298 parasitized cells per 500 red bjood cells, and in the after- 
noon it was 304. Ten of the group of twenty-five ducks were put into the 
oxygen chamber at 4:00 p.m. on the fourth day of the disease. These ducks 
were carefully watched during the following forty-eight hours to determine 
the time of death. The oxygen chamber was kept closed during this time. The 
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time of death and the concentration of oxygen within the chamber are shown 
in Pig. o. At 11 :30 a.m. on the sixth day, eight of the ten ducks in the oxygen 
chamber were dead, while twelve of the 15 birds with malaria kept outside 
of the. chamber were dead. Thirty-five minutes following the time of removal 
of the two ducks with malaria from the oxygen chamber, one died ; the second 
survived for twenty-four hours after removal. It is obvious from Fig. 5 that 
ducks with a high degree of parasitemia survive for a much longer time when 
put into a chamber with a high' concentration of oxygen than similarly in- 
fected ducks kept at normal atmospheric pressure. 



5 6 
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Fig. 5-— The time at which death occurred in the oxygen-treated birds and the controls is indi- 
cated here. The concentration of oxygen in the chamber is shown in this figure. 

DISCUSSION 

The experimental observations as made in these studies indicate that oxy- 
gen is beneficial to ducks with a severe malarial infection. The increased 
amount of oxygen apparently helps to compensate for the decrease in the amount 
of hemoglobin which is present in the highly infected birds. The anemia re- 
sults from the rapid destruction of red cells by the plasmodia. In P. falciparum 
infections in man the total decrease in the number of red cells may not be so 
great in some cases ; however, the important factor in all types of acute malaria 
seems to he the rapidity in which the anemia may develop. The fact that 
ducks v ith a severe malarial infection show immediate improvement, either 
following a transfusion with duck red cells 7 or when they are put in the pres- 
ence of an increased concentration of oxygen, would suggest that clinical sub- 




64 


HIGDON AND VARNADOE 


jeets with acute malaria and symptoms of shock should he given a transfusion 
and placed in an oxygen chamber at the same time that a plasmodial drug 
is given. 

The fact that ducks with a P. lopliurae infection show a higher degree of 
parasitemia when kept for the entire period of the disease in the presence of an 
increased concentration of oxygen does not contradict the beneficial effects 
that maw- result from the use of oxygen, since it lias been shown experimentally 
that ducks with a severe infection when placed in the oxygen chamber show 
immediate clinical improvement. An interval of a few hours is important in 
the treatment of acute malaria, since it requires such a time for the effects 
of the plasmodial drugs to manifest themselves upon the parasites, and during 
this interval the patient may need supportive therapy for Ihe anoxemia. It of 
course would be useless to kill the plasmodia and permit the patient to die 
from medical shock. As far as it is known there are no contradictions to 
the use of transfusions and oxygen in the treatment of a patient with malaria. 

Cullen and Boothby and their associates 8, " have given the indications and 
rationale of oxygen therapy. Cullen and associates have emphasized the fact 
“.that there is a S 1 /* to 714 per cent increase in metabolism for every degree 
(Fahrenheit) of elevation in temperature: it would seem logical to provide 
these individuals with oxygen in excess of that present in the atmosphere.” 8 
Patients with acute malaria, therefore, would be benefited by oxygen if they 
had only an increase in their metabolic rate ns a result of the fever. Alkalosis 
present during fever furthermore effects a significant reduction in the arterial 
oxygen tension even in the presence of a normal arterial oxygen saturation, 8 
“The administration of oxygen benefits the patient chiefly by physical methods. 
That is, an increase in the alveolar concentration increases the partial pres- 
sure, thereby increasing the saturation of the blood with a consequent increase 
in tension in spite of the elevated pH. The break in the vicious cycle of low 
tension, high pH, and tissue hypoxia may also be effected by the increased 
amount of oxygen in physical solution in the plasma, which oxygen is readily 
available to the tissue and not dependent on dissociation of hemoglobin.” 8 

Experimental and clinical studies indicate that shock may occur in severe 
malarial infections. 1 ’ 0 In the treatment of shock from any cause, all efforts 
should be directed to improve the circulation of blood through the tissue so 
that oxygen can be delivered at a higher partial pressure. Administration of 
100 per cent oxygen is the most direct and specific method to increase the 
oxygen pressure in the capillaries and tissue fluids.® A 100 per cent concen- 
tration of oxygen has been administered to patients for forty-eight, hours with- 
out any evidence of pulmonary irritation.® 

There is nothing in these experimental studies to indicate that oxygen 
per se will cure malaria. In fact, these studies show that the parasitemia in 
P. lopliurae infection in ducks kept in the presence of a high concentration 
of oxygen is higher than that which occurs in ducks kept in the presence of 
the concentration of oxygen as occurs in the normal atmosphere. Experi- 
mental studies have indicated that the sudden decrease in the degree of para- 
sitemia which occurs following the peak of parasitemia in P. lopliurae infec- 
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tion in ducks may be the result of a lack of oxygen which apparently is essen- 
tial for the survival and multiplication of these plasmodia in vi\o. 

The clinical improvement, as observed in ducks with a se\crc malarial 
infection when given oxygen, supports the opinion that anoxemia is a signifi- 
cant factor in the mechanism of death in malaria. All of our phj siologic and 
pathologic studies have shown the effects of a lack of oxygen in malaria , 1 
and now the results from the use of oxygen and the results following trans- 
fusions show the therapeutic effects which may he accomplished in the. treat- 
ment of acute malaria as suggested from these studies in the duck. 


SUMMARY 


Ducks with a severe malarial infection when placed in an oxygen chamber 
immediately show marked clinical improvement. They survive for ten to 
eighteen hours longer than similarly infected ducks kept in the duck room. 
This improvement is attributed to the greater amount of oxygen available for 
transmission to the anoxemie tissues. 

The use of oxygen in the treatment of acute malarial infections in man is 
discussed. 
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DETERMINATION OP NORMAL MEAN CORPUSCULAR WEIGHT 

(ERYTHROCYTE) 

CiieN'TIxg Ch'in, M.B., Cn.B. 

New York, N. Y. 

O UR knowledge in various types of anemia has been put on a much more 
sound basis since the discovery of methods of determining and interpreting 
the mean corpuscular volume, mean corpuscular hemoglobin, and mean cor- 
puscular hemoglobin concentration of red cells. It occurred to me that addi- 
tional help might be derived from the estimation of- the mean corpuscular 
weight of the erythrocyte. This determination was carried out in eighty-one 
normal subjects including ten Chinese and seventv-onc Filipinos. The deter- 
mination was performed according to the same principles used for the mean 
corpuscular volume, employing the Wintrobe tube. 

METHOD AND RESULTS 

All the subjects studied were medical students and doctors of normal 
development and nutritional status. The erythrocyte count, hemoglobin, leu- 
cocyte count, hematocrit, mean corpuscular volume, mean corpuscular hemo- 
globin, and mean corpuscular hemoglobin concentration were found to be within 
normal limits in each instance. The determination of mean corpuscular weight 
was made from the same sample of blood. 

The capacity of several standard Wintrobe tubes was accurately deter- 
mined by weighing, on an analytic balance, tubes emptied and Tilled with dis- 
tilled water. The capacity of each tube used in these measurements was known 
to the nearest tenth of a milligram. For simplicity in presentation of the data, 
a uniform, capacity of 0.7 c.e. between the 0 and 100 mm. marks is assumed; 
in the actual calculations the capacity of each individual tube was used. The 
technique of the determination was as follows. 

The weight of a standard Wintrobe tube was carefully measured. The 
tube was filled with blood exactly to the 100 mm. mark and centrifuged for 
at least thirty minutes at 3,000 revolutions per minute. After the hematocrit 
reading had been taken, the supernatant plasma was removed by capillary 
pipette without disturbing the cellular sediment. In doing so a column of 
plasma, platelets, and leucocytes, a few millimeters in length, was left on top 
of the red blood cells. The tube containing the packed red blood cells and a 
small amount of plasma was then weighed. When the weight of the empty 
tube was subtracted from this weight, the weight of the cells and the residual 
plasma was obtained. The weight of 1 c.c. of plasma made from the same 
blood sample was measured with a separate set of glassware. From the latter 
the weight of 0.7 c.c. of plasma was calculated. Dividing the weight of the 
0.7 c.c. of plasma by 100, we obtained the weight of a 1 mm. column of the 
plasma in the Wintrobe tube. By assuming that the density of leucocytes and 
platelets is equal to that of plasma, and by application of a suitable coefficient 
to the measured length of the plasma remaining in the tube, we could determine 
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the weight of the residual material. The weight of the blood cells in 1 c.c. of 

whole blood was derived as follows. 

If it is assumed that, the tube is of uniform bore, then : 


Weight of blood colls in 1 
c.c. of whole blood in nig. 


Weight of W introbe tube con- _ Weight of tube and weight 
taining the packed cells and 0 f residual plasma 

resi dual plasma 

— 6 J 


Weight of cells of 1 c.mm. in mg. = 


Weight of blood cells/c.c. 
__ 


Weight of cells of 1 c.m. in 


Weight of cells/cc. 
1/300 


x 1,000,000,000 


M.C.W.* — 


Weight of cells/c.c. x j 000,000,000 

1,000 

E.B.C./c.mm. -in million x 1,000,000 


M.O.W. = 


Weight of cells/c.c. in mg. 
E.B.C./c.mm. in million 


micromicrograms 



Fig. 1. — Distribution oC mean corpuscular weight of thirty-eight men, •, and forty-three women, 

O («iGm.). 

The mean corpuscular weights of the eighty-one subjects are presented in 
Fig. 1. It is significant that in thirty-four of the thirty-eight men and in 
thirty-five of the forty-three women, the mean corpuscular weight falls within 
the range of 90 to 110 micromicrograms. The figures for the entire series 
calculated according to standard statistical methods are shown in Table I. 
The general hematologic data of the series are shown in Table II. 


Table I. Mean* Corpuscular Weight (p/iGm.) in Eighty-One Normal Subjects 


1 

| 1 

i - 

! MEAN ± Vx 

, c 

1 S. D. ± V2s 

Men 

3S 

96.9 ± 1.04 

6.43 ± 0.74 

Women 

43 

96.6 ± 1.29 

7.47 ± 0.S1 

Whole series 

SI 

96.S + 0.7S 



•M. C. W., mean corpuscular weight 
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DISCUSSION 

The author has no knowledge that, the mean corpuscular weight of eryth- 
rocytes has been studied previously. Without clinical application in pathologic 
conditions it is difficult to evaluate the significance of this determination. How- 
ever, it is reasonable to assume that the mean corpuscular weight should be 
increased (hyperponderal) in macrocytic hyperchromic anemia and should be 
reduced (hypoponderal) in microcytic hypochromic anemia. In such condi- 
tions the detennination of the mean corpuscular weight might serve as a 
collaborative method in differential diagnosis. 

. With known methods of study changes of the erythrocyte, other than 
changes of size, shape, and hemoglobin content, cannot be determined. In this 
respect the mean corpuscular weight might give additional information, not 
only in the study of anemia but also in other conditions causing disturbance 
of fluid and salt balance. However, this is something for future study to prove. 

SUMMARY 

1. A method of determining the mean corpuscular weight of erythrocytes 
is presented. 

2. The mean corpuscular weight was found to be 96.9 /ijiGm. (S. D. = 6.43) 

for thirty-eight normal men and 96.6 fijxGm. (S. D. = 7.74) for forty-three 
-women, with an average of 96.8 (S. D. = 7.02) for both sexes. 

3. The application and significance of this determination are to be ascer- 
tained by future study in pathologic conditions. 

This study was made in the laboratories of the Cancer Institute of the University of the 
Philippines, Manila, when the author was stranded there by the Pacific War in 1944. The 
author wishes to egress her gratitude to the members of the laboratories for this privilege 
and also to Dr. Eugene Stransky of the Philippine General Hospital. 
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THE BONE MARROW OP NORMAL CATS 

Arthur Sawitsky, M.D.,® axd Leo M. Meyer, MJ). 

New York, N. Y. 

INTRODUCTION 

S INCE Ariiikin V original description of sternal marrow aspiration in human 
beings, the method lias been applied to dogs by Alexandrov.® Moyer and 
Bloom 3 studied normal canine bone marrow obtained by aspiration of the iliac 
crest, utilizing the technique of IIo and associates 4 who were concerned with 
investigations in leishmaniasis. Lawrence and co-workers 3 refer to the normal 
bone marrow of the cat in their paper on feline agranulocytosis. These 
investigators studied histopathologic sections of bones which were fixed in 
Zenker's fluid, embedded, and cut. They also examined films made from marrow 
taken from the humerus and femur which were macerated in human serum. and 
stained with "Wright's fluid. This method permitted little opportunity for re- 
peated examinations, and t lie maximal number of observations made on any 
animal was three. The majority of animals were sacrificed before they were 
studied. The procedure to be introduced overcomes this disadvantage because 
of its simplicity of performance and the availability of the same animal for in-- 
numerable punctures. In presenting the data we also compare our observations 
on the peripheral blood with those of oilier investigators. 

MATERIAL ANI) METHODS 

/ 

Studies ivere made on fifteen apparently normal laboratory cats, both male and female, 
of unknown ago and ranging in weight from 3. 09 to 3.39 kilograms each. In the cat the 
innominate bones articulate with the sacrum and extend eaudoventrally, turning medially to 
unite in the midline to form the symphysis. The ilium extends from the sacrum to the 
acetabulum. It is contracted in its mid portion and broader at. the periphery. The proximal 
end is thickened, forming the crest, and runs roughly parallel to the vertebral column. 

The technique for marrow puncture is ns follows: The animal is strapped to the table 
with dorsum presenting and extremities extended. Tiie hair over the sacral area is clipped 
and the skin sterilized with any suitable antiseptic. Local anesthesia is not required. The 
anterior-superior border of the iliac crest is outlined with the fingers of odc hand. A sterile 
IS to 19 gauge spinal tap needle with straight stylet, about I % inches long, is inserted 
through skin and muscle close to the iliac crest. Upon j caching the periosteum the needle is 
simultaneously rotated and pushed with a dextro-levo liming movement until the medullary 
cavity is entered. The marrow cavity has been entered when the needle seems firmly im- 
bedded in tlie bone and only rarely is a sudden “give” experienced. The stylet is removed, 
a dry 20 e.e. syringe is attached to the needle, and about 0.1 or 0.2 c.c. of marrow is aspirated. 
The needle, together with the attached syringe, is then removed from the animal and the 
drop expelled on a clean glass slide. From the drop white cell and megakaryocyte counts 
are made with the same technique as for counting peripheral blood. Thin films are made 
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, 1-1 ■> Wririit’s stain. Five hundred nucleated cells 

■SSS^SS^rsistAViss 

in the iliac crest. 



Fig-, l. — Aspirating needle in position in the iliac crest. 

OBSERVATIONS 

A comparison of the data obtained in the peripheral blood (Table 1) with 
those of other observers (Table II) shows a similarity of results which indicates 
that the animals utilized in the present study were apparently normal. The 
only exception is Cat 672 in which the leucocyte count was 40,500 per cubic 
millimeter. The animal appeared to be well. 

The bone marrow from the iliac crest (Table III) shows an increased 
number of nucleated cells and megakaryocytes as compared with that of human 
beings and dogs (Table Y). The myeloid series constitutes 69.9 per cent of the 
nucleated cells which are distributed mainly among the segmented (22.5 per 
cent) and Uonsegmented (30.5 per cent) neutrophiles. The metamyelocytes con- 
stitute only about 13 per cent of the total number. This increased cellularity 
of the bone marrow with maturation of cells of the myeloid series is apparently 
specific for the cat, as it is not observed in either the dog or man. The ery- 
throid and lymphatic cells constitute 20.1 and 9.0 per cent, respectively, which 
are about the same percentages as seen in canine and human bone marrow. As 
was noted in dogs, many of the cells of the myeloid series contain no granules, 
but identification of the cells is not' difficult because of the ease in identifying 
nuclear structures. A comparison of the bone marrow data with that of Law- 
rence and co-workers (Table IV) is unsatisfactory since these workers included 
in their tabulation 26.3 per cent degenerated cells. Their erythroid and lymphoid 
percentages, however, compare favorably with those obtained by us. 
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Table IV. Composition of Data on Bone Marrow of Cats by Different Observers 


BONE MARROW 

LAWRENCE AND 
CO- WORKERS 3 

PRESENT AUTHORS 

Number of animals 

13 

15 

Total count 


209,900/c.mm. 

Megakaryocytes 


20/c.mm. 

Myeloblasts 

1.3 

0.82 

Promyelocytes 

7.C 


Myelocytes 

Neutrophilic 

4.0 

5.22 

Eosinophilic 


1.1 

Metamyelocytes 

9.8 

7.9(5 

Nonsegmcnted 

Ncutropliiles 

13.4 

30.59 

Segmented 

Neutropliilcs 

5.3 

22.52 

Eosinophilcs 

1.5 

1.71 

Lymphocytes 

7.8 

9.05 

Plasma cells 

0.3 

0.75 

Beticulum colls 


0.02 

Megaloblnsts 

0.7 

0.35 

Erythroblasts 

G.3 

1.24 

Normoblasts 

8.3 

18.52 

Unclassified 

C.2 . 


Disintegrated 

20.3 


Erythroid-myeloid ratio 

0.35 

0.29 


Table V. Cosiparison of Bone Marrow in Man, Docs, and Cats 


BONE MARROW 

MAN 0 

DOG 3 

CAT 

Count x 1,000 

118.75 

144 

209.9 

Megakaryocytes 


41.2 

20 

Myeloblasts 

l.fi 

0.5S 

0.S2 

Myelocytes, agranulocytic 

0.1 



Myelocytes 




Neutrophilic 

21.5 

3.7G 

5.22 

Eosinophilic 

0.77 

0.2G 

1.1 

Metamyelocytes 



7.90 

Nonsegmented 




Neutrophiles 

30.2 

23.50 

30.59 

Eosinopliiles 

0.39 

0.12 


Segmented 

• 



Neutrophiles 

34.0 

1S.50 

22.52 

Eosinopliiles 

. 0.94 

1.56 

1.71 

Basopliiles 

0.07 

0.02 


Heterophiles 


0.02 


Lymphocytes 

8.G 

9.S0 

9.05 

■ Pathologic lymphocytes 


0.04 


Monocytes 


1.20 


Monoblasts 


0.14 


Plasma cells 


0.82 

0.75 

Beticulum cells 

0.25 

0.54 • 

0.02 

Hematogones 

3.1 

0.44 


Megakaryocytes 

0.2 


' 

Megaloblasts 

0.14 

1.02 

0.35 

Erythroblasts 

7.1 

2.50 

1.24 

Normoblasts 

22.6 

53.18 

18.52. 
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SUMMARY 

1. A method is presented describing the technique for obtaining bone mar- 
row from the iliac crest of the cat by aspiration. 

2. Data are given showing the cellular constituents in the peripheral blood 
and hone marrow of normal cats. 

3. A comparison of the bone marrow findings in cats with those of dogs 
and man is made, utilizing the method of aspiration in all three groups. 
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LABORATORY METHODS 


REACTIONS OF VARIOUS PARASITIC ORGANISMS IN TISSUES TO 
THE BAUER, FEULGEN, GRAM, AND GRAM-WEIGERT METHODS 

R. D. Lilmk* 

Betiiksda, Md. 

I N THE course of some experimental comparisons of the Best carmine method 
and the Bauer’ reaction for glycogen, some cat muscle containing Sarcosporidia 
chanced to be included in the test material. With the Bauer method on low 
magnification the Sarcosporidia appeared red purple in a pale gray blue back- 
ground. On higher magnification they were seen to contain numerous red purple 
granules in their cytoplasm around the nucleus in the equatorial area of fusi- 
form. parasites. After salivary digestion according to Bensley- the Sarcosporidia 
were st,ill red by the Bauer method, while muscle glycogen no longer stained. 
With Best’s carmine method Sarcosporidia do not take the red stain. 

This experience led to more extended examination of various tissue parasites 
by the Bauer method. In most instances it was necessary to use paraffin sections 
of old material fixed for other. purposes in 10 per cent formalin. Orth's fluid, 
Helly’s fluid, or other fixatives. 


METHODS 

The technique of the Bauer reaction and the composition of the Schiff confront used for 
botli tho Bauer nnrl Foul gen tests were substantially us recently reported. 3 By this method 
glycogen is stained n deep purplish red. The reaction may be prevented by salivary-’ or by 
enzyme digestion. 3 Cartilage matrix is usually colored a deep reddish purple, contrasting 
fairly well with the lighter purplish rod glycogen in t lie cartilage cells. Cartilage matrix some- 
times remains unstained. The staining of cartilage matrix is not affected by prior salivary, 
diastase, or ptyalin digestion. 

Bauer 1 stated that mucus did not react to this method ; however, as Benslev- notes and 
as we found, in mammalian material, mucus is usually stained pulplish pink to light purplish 
red. This staining reaction persists after salivary, ptyalin, or diastase digestion. Mucous 
stains well by this method after aqueous formalin or Orth fixations. 

Mast cell giamiles were not demonstrated by either the Bauer or t he Foulgen techniques 
in human, cat, or iat material in which they were readily demonstrable with our azure-eosin 
technique. 

When enzyme digestion tests were used, the digestion was performed on depnrafTmized, 
hydrated sections without collodion treatment and after digestion sections woie dehydrated 
and collodionized as previously mentioned before testing with tho Bauer technique. The 
technique is as recently reported by us. 3 For comparison the Feulgeu, Gram, and Weigert 
methods were used as well on most of the material. 

The Feulgen technique used herein employed tho same Schiff reagent as described by us 
for the Bauer method 3 and followed essentially the procedure outlined by dc Tomasi 1 and 
by Stowell 5 : Deparaffinize and hydrate sections as usual. Kinse for one minute in N/l HC1 

Prom* the Pathology Laboratory. National Institute of Health. 

Received for publication, Oct. IS, 191C. 

•Medical Director. United States Public Health Service. 

7G 

•*•*.. 



REACTIONS OF VARIOUS PARASITIC ORGANISMS IN TISSUES ' ' 

and hvdrolvzc for twenty minutes at 50” C. in K/l HC1. Rinse for one minute in cold N/l 
IIC1 and immerse for two l.ours in Scl.itt reagent. Give three successive ten-m.nutc baths 
in closed Coplin jars in acid sulfite mixture (10 c.c. of 10 per cent haHSO.,, 10 c.c. of a /l 
HC1 and °00 cc of distilled water). Wash for five minutes in running water. Counterstain 
briefly (thirty seconds) in 0.02 per cent alcoholic-fast green FCF, dehydrate in alcohols, 
clear in xylene, and mount in clarite. 

The Gram-acetonc-safranin technique was as published in 192S. C The Gram-11 eigert 
technique is as follows: Dcparaffinize and hydrate as usual. Stain for ten minutes in 
carbolfuelisin and wash in water. Stain for two minutes in ammonium oxalate crystal 
violet. Drain, blot, and apply three changes of ll'cigert-'s iodine to a time of thirty seconds 
total. Wash in water. Blot* and decolorize with two or three changes of lVeigert’s aniline 
xvlene (50:50). blotting between changes. Wash in three changes of xylene and mount in 
clarite. 

OBSERVATIONS 

Proiozoa. — -Muscle was resectioued for study from seven monkeys (Macaco, 
rhesus), four more cats (Fclis cattus), two Texas armadillos, one cotton rat 
(Sigmodon hispidus), one mouse (Macaco muscuhis), one ground squirrel 
(Citellus bccchcyi), and seven wood rats (Neaioma micropus). By the Feulgen 
method the Sareosporidia presented small oval red purple nuclei. They were 
Gram negative and Weigert negative. With the Bauer method there was much 
finely granular purplish red material about the nuclei of the parasites, so that the 
affected muscle fibers stood out conspicuously at very low magnifications. 

Digestion with saliva, ptyalin, and malt diastase was resisted so that the 
granules remained Bauer positive in the first cat. Contrariwise, ptyalin and 
malt diastase digestions completely destroyed the Bauer-positive material in the 
armadillos, monkeys, wood rats, mouse, cotton rat, and two of the cats, thus 
identifying it as one of the hexose polysaccharides digestible by those enzymes. 
In the ground squirrel and the other two cats, most of the colonies lost their 
Bauer-positive material but some colonies and some individual organisms did 
not. That this increased resistance to digestion may have been artefact is 
indicated by the fact that Bauer-positive material remained after diastase 
digestion only in one of four sections from the ground squirrel tissues. 

Further sections from the first cat were subjected to diastase digestion 
for periods of 30, 60, 90, and 120 minutes. While many Bauer-positive granules 
remained after 120 minutes, there was a very evident reduction in their number 
and size, and some cysts contained some or all Bauer-negative parasites. Shorter 
digestion periods left more and more Bauer-positive material. Altogether it 
appeai-s that the positive Bauer reaction of these granules in the Sareosporidia 
depends on glycogen or a similar polysaccharide. 

The brains of nine mice, infected experimentally with toxoplasmosis and 
fixed in Orth’s fluid, were resectioned. In four no parasites were found. In 
five microcysts containing Toxoplasma were identified. The Feulgen reaction 
demonstrated numerous tiny oval vesicular red purple nuclei in all five. In three 
of these the Bauer reaction showed many rather vague purplish red granules in a 
pale blue matrix. In the other two the parasites were apparently Bauer negative. 
Giam-acetonc and Gram-W eigert stains were done on the three Bauer-positive 
specimens. Parasites were red and pale pink, respectively, by these methods. 
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Goodpasture stains were done according to Perrin’s technique 7 and in the three 
brains in which parasites could be found they were stained brown. 

After digestion tests with ptyalin and with diastase, Toxoplasma still stained 
red with the Bauer method. The Bauer-positive material was perhaps more 
clearly demonstrated as a deep purplish red perinuclear deposit, sometimes 
masking the nucleus; than in undigested material. 

Eneephalitozoa were found in six of seven mouse brains resect ioned for 
study. They occurred as oval plump organisms in focal lesions. Some in the 
Gram stain are longer and slenderer. With this Gram-acetone method they 
stained pale to fairly deep violet but not blue black. With the Gram-Weigert 
method the organisms varied from red through purple to violet and sometimes 
blue black. Feulgen preparations from adjacent sections failed to demonstrate 
the organisms in the same focal lesions. In Bauer preparations the cells of the 
focal glioses assumed a vague pink color. Among them there were discerned with 
difficulty clear, oval retractile bodies of the same size and position as the organ- 
isms in Gram-Weigert and Goodpasture preparations. After diastase or ptyalin 
digestion, however, the organisms were more clearly discerned as oval purplish 
pink rings with clear centers lying in a light blue background. 

The material for study of Encephalitozoon and Toxoplasma was resect ioned 
from animals inoculated with the respective organisms by Pen-in . 7 

Examples of endoerythroevtie and exoerytlirocytic forms of Plasmodium 
gallinaccum were furnished me by Dr. L. R. Hershberger. In agreement with 
his usual findings the parasite nuclei stained purplish red by the Feulgen 
technique. Gram, Wcigert, and Bauer reactions were negative. 

Sections were recut from the kidneys of twelve mice infested with Hlossiclla 
vvitris. In eleven of these more or less numerous parasites were demonstrated. 
Rosette forms with peripheral budding showed in the buds small oval lepto- 
ehromatic vesicular nuclei staining light red purple with Feulgen. Clusters 
of small intratubular round forms wove Feulgen negative or contained faintly 
stained very fine single to multiple granules. In somewhat larger forms Feulgen- 
positive granules were still lightly stained and usually multiple. In medium- 
sized round forms dense red purple diplococcoid granules were present dis- 
persed through the cytoplasm. Organisms of this last size were sometimes red 
purple or less often blue black with the Gram-Weigert technique. Sometimes 
as many as one-fourtli to one-third of the individuals in a given intratubular 
cluster were so stained, while the rest were Gram negative. With the Gram- 
acetone method fewer organisms were stained violet or, occasionally', blue black, 
while other organisms in the same intratubular cluster presented multiple 
diplococcoid chromatin granules stained red by the safranin counterstain. By 
the Bauer method most organisms in all animals were Bauer negative. However, 
in all hut one mouse, irregular masses and medium to fine granules of brilliant 
purplish red material were found in occasional to .moderately numerous medium- 
sized pai'asites. Liver sections on the same slide in six of eleven mice showed 
moderate amounts of Bauer-positive glycogen in the liver cells. 

Kidney sections from nine of these mice were successfully carried through 
ptyalin and diastase digestion tests, and the subsequently performed Bauer 
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reaction revealed in four of them occasional to moderately numerous parasites 
containing brilliantly purplish red granules. The six livers previously noted 
had lost all of their glycogen after the diastase digestion and all, or all but traces, 
after ptyalin. 

Trypanosoma equiperdum in methanol-fixed thin blood films is Bauer nega- 
tive, Weigert negative, and Gram negative. Trophonuclei stain pale purplish 
red with Feulgen and blepliaroplasts were not discerned. However, lymphocyte 
nuclei are also rather lightly stained. Other fixations might give better results. 

Trypanosoma cruzi was demonstrated only in one monkey heart and in 
two mouse hearts of several reseetioned for study. The organisms occurred as 
the usual Leishmania forms in cysts within muscle fibers. Their cytoplasm 
stained light green, trophonuclei light red, and blepliaroplasts as deep red 
purple rods in Feulgen-fast green FCF preparations. In Gram-acetone-safranin 
stains blepliaroplasts were deep red, trophonuclei light red, and cytoplasm pink. 
With the Gram-Weigert technique cytoplasm and trophonuclei were pale pink 
and blepliaroplasts deep violet to blue black. The Bauer reaction was negative, 
though a moderate amount of glycogen was shown in a liver section on the same 
slide with the one mouse heart and in muscle fibers of the other mouse heart. 

Eight cases of amebiasis were reseetioned for study. Endamocba histolytica 
was readily found in all. The organisms were Gram negative and Weigert 
negative. The nuclei stained relatively faintly by the Feulgen technique. Many 
amebae contained more or less copious Bauer-positive granular material in their 
cytoplasm, but in some organisms the cytoplasm was blue gray and vacuolated 
and in some contained only a few purplish red granules. After diastase digestion 
all presented blue gray cytoplasm. 

This observation extends that of Meriwether 8 who reported the selective 
staining of amebae by Best’s carmine but did not identify the Best-positive 
material as glycogen. It would appear from the present observations that 
Endamoeba histolytica often contains glycogen or a similar polysaccharide. 

Coccidia (Eimeria stiedac) were demonstrated in greater or less profusion 
in eight of eleven rabbit livers reseetioned for study. With the Feulgen method 
most of the large coarsely granular parasites, whether intraepithelial or free, 
were Feulgen negative. Some small forms showed red purple granules or green 
granules with red purple margins. These were not found in' five rabbits. In 
some rabbits there were found, in addition to the typical coccidia, masses of 
pale green cytoplasm without granules, in which were rings or spirals of small 
red purple fusiform or bacciliform chromatin granules. With the Gram-acetone 
technique granules were stained red and shells pink. The Gram-Weigert method 
gave blue black or deep violet coarse granules in the coccidia, while their shells 
were stained in varying tones from pink through violet to deep violet or blue 
black. The Bauer reaction demonstrated a pink to purplish red matrix in the 
coccidia, in which the retractile or unstained coarse granules were discernible. 
This material was present also in the coccidia in livers collected six to forty hours 
post mortem, in which all glycogen had disappeared from the liver cells. Ap- 
plication of Bensley’s salivary digestion test to collodionized sections removed 
the pink matrix in two rabbits, at the same time removing all of the fairly copious 
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glycogen from the liver cells. In a third rabbit the same test apparently de- 
creased the intensity of the Bauer reaction in the coceidial cytoplasm. Use of the 
diastase and ptyalin digestion tests on uneollod ionized sections also removed 
Bauer-reacting material from nearly all of the parasites. All glycogen in liver 
cells was removed by the enzymes. 

Bacteria . — Various sections of acute ulcerative appendicitis, of chronic 
appendicitis, and of animal stomachs and intestines, with or without acute 
ulcerative lesions, were examined. Various O' ram-positive and (tram-negative 
bacilli and cocci were demonstrated with Gram and Wcigert techniques. Gram- 
positive organisms were more plentiful with the Weigcrl method. These organ- 
isms all failed to stain by the Foul gen and Bauer techniques. However, a few 
Bauer-positive, Grain-negative branching filamentous molds were seen in a 
slough in amebic dysentery and in the margin of a cutaneous blastomycotie 
sinus. Material from five cases of human anthrax was included. The bacilli 
were usually partly Gram positive and partly negative with the Gram technique. 
The organisms were Bauer negative. A Bacillus sublilis contamination of lung 
tissue revealed numerous Gram-positive bacilli by the Gram and AVeigert 
methods. The organisms were Feulgen negative and Bauer negative. 

A series of four mice inoculated intracercbrally with material under study 
for the presence of poliomyelitis virus developed empyema of the cerebral ven- 
tricles. The pus cells contained a variable small amount of glycogen which was 
destroyed by the diastase digestion test. In the pus were clumps of small bacilli 
stained light blue with deep purple (mctaohromatic) polar granules by the 
azure eosin stain. With the AA r ciger! stain the bacilli were barred, beaded, 
bipolar, or solidly blue black. The Bauer method revealed them as slender 
purplish red rods, which were possibly more distinct after diastase digestion 
than without it. The Feulgen method failed to stain these diphtheroid bacilli. 

Guinea pig spleens and lungs containing numerous tubercle bacilli by the 
Ziehl-Neelson technique showed no organisms with Feulgen. Bauer, or azure-eosin 
methods/ The bacilli stain blue black by the AA 7 eigert and Gram techniques if ex- 
posed a sufficient length of time or if heated in the crystal violet ‘solution. 

Four chick embryo yolk sacs fixed in Regaud’s fluid were rcsectioncd. 
Azure-eosin stains demonstrated numerous Rickettsia oricntalis in all. These 
were not stained in otherwise good Feulgen or Bauer preparations. Tissues of 
four psittacine birds dead of acute psittacosis were resectioned. Numerous 
Rickettsia psitiaci (LCL bodies) were demonstrated with azure eosin; none 
were demonstrated with the Feulgen method. Fresh sections from four rodents 
dead of acute tularemia presented numerous organisms in azure-eosin prepara- 
tions; none presented organisms in Feulgen stains. 

Fungi . — Histoplasmosis (Ilistoplasma capsulation) was studied in the liver 
and spleen of two dogs and two hamsters, in the lung of a guinea pig, and in the 
omentum and abdominal wall of a rat. Fixation waspvith 10 per cent formalin, 
Helly, or Zenker, all three in one dog. The Feulgen method revealed tiny 
vesicular light red purple nuclei separated by a clear zone from a pale green 
capsule. In some of the Zenker-fixed material these nuclei were not demon- 
strated by Feulgen and stained poorly in comparison with those in formalin- 
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fixed material from fhe same dog with the iron-hematoxylin-van Gieson tech- 
nique. With the Gram-acctone-safranin technique histoplasma nuclei usually 
stain red to pink; capsules stain paler or much paler. In the rat and in the 
liver of one hamster a few organisms stained blue black or violet, but most of 
them were Gram negative. A variable proportion of the organisms were Gram 
positive when the Gram-Weigert technique was used: none in one animal, few 
in another, one-third in one, "many’’ in two, and one-half to two-thirds in one. 
Usually Gram-positive organisms were stained solidly blue black ; however, some- 
times only the capsules were stained blue black or violet, while nuclei or nuclei 
and cytoplasm were stained red by the fuchsin prestain. 

Results with the Bauer reaction were striking. Organisms were readily 
identified as fine red purplish rings surrounding a clear zone about the centrally 
placed, blue or pale blue nucleus. Organisms were more readily found than 
with azure-eosin or Giemsa stains. After salivary digestion the histoplasma 
capsules were still Bauer positive. Ptyalin and diastase digestion tests gave 
the same results in the five animals so tested. 

In another subsequently studied animal numerous Bauer-positive rings with- 
out central nuclei were found in the foam-cell granulation tissue where no 
histoplasma could lie found with azure-eosin stains. In other areas where 
histoplasma was demonstrable with the usual azure-eosin stain, the Bauer-positive 
rings were present in equal numbers and here contained the central blue stained 
(hematoxylin) nucleus as previously described. This indicates that the snlfurons 
aeid-fuehsin method may be used to demonstrate non-nucleated and presumably 
dead histoplasma as well as the nucleated and presumably surviving forms. I 
am indebted to Dr. L. L. Ashbura for the observations on this dog and for 
material. 

Five animals infected with Haplosporangium parvum were studied. The 
tissue studied was lung and was fixed in 10 per cent formalin in four of the 
animals and in Orth’s fluid in the fifth. The animals comprised one rhesus 
monkey, one cotton rat, and one white mouse, all infected in the laboratory, and 
two Perognathus mice captured in the infected state. In the first three all of 
the organisms were Gram negative; in the last two a few were Gram positive, 
most Gram negative with the Gram-acetone technique. 'With the GramAVeigert 
technique a few blue black organisms appeared in one of the first three animals, 
while in the last two most of the fungi were blue black. The Feulgen reaction 
revealed no Feulgen-positive material in any of the fungi, though host nuclei 
were well stained. "With the Bauer reaction the capsules of the fungi appeared 
as thick deep purplish red rings, both with and without antecedent salivary 
digestion. 

Subcutaneous masses from three guinea pigs, fixed in formalin, and brains 
from 3 mice, fixed in Orth’s fluid, were studied in torulosis. In all numerous 
Fonda histolytica were present. From 10 to 50 per cent of the yeasts were 
Gram positive with the Gram-acetone method. The GramAVeigert method 
showed nearly all blue black in the three guinea pigs. It was not used on the 
mouse brains. In the guinea pigs the fungi were apparently Feulgen negative, 
while in the mouse material small round or oval nuclei were found. 'These 
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stained light red purple to pale lilac. With the Bauer method the outer shells of 
the yeasts appeared as deep purplish red to purplish violet X'ings. These were 
apparently somewhat redder in sections subjected to preliminary salivary diges- 
tion. Small forms appeared as solid red globules. 

A Peromyscus mouse and seven white mice experimentally infected with 
Coccidioidcs immitus were reused for this study. Thirteen blocks from omental 
and visceral masses, testes, and lungs were used. Fixation was with buffered 
10 per cent formalin for the seven white mice and with Orth’s fluid for the 
Peromyscus. The fungi were regularly Fculgcn negative except on one trial 
where pink nuclear staining was obtained, and a deteriorated Schiff reagent may 
have been used for this. Fungi were red by the Gram-acetone-safranin method 
except for a few blue black endospores in one and a few violet fungi in two of 
the thirteen blocks. With the Oram-Weigert technique a variable proportion 
were blue black or deep violet, from as few as one-fourth to nearly all in the 
several blocks studied. Endospores and small fungi were more often Gram 
positive than large forms or empty shells. Regularly the thin shells of the 
mature fungi and the shells of endospores and small fungi were red to red purple 
with the Bauer technique, and often the' fungi contained solid purplish red 
masses within them, both endospores and larger forms. The five livers observed 
were glycogen free. 

Application of ptyalin and diastase digestion tests to material from five 
animals reveals that the organisms still presented purplish red shells and 
endospores when the Bauer reaction was applied after the digestion, but no 
internal masses staining red persisted. 

In Case A-2333, Monilia Candida endocarditis, numerous small oval yeasts 
were demonstrated in the mitral thrombus. The yeast cells stained green with 
the Feulgen method. Within the cells were indistinct or distinct fine granules 
or delicate tiny rings of material staining purplish pink to red. The yeast 
cells were nearly all Gram positive by the Gram technique; all stained blue 
black by the Weigert method and deep purplish red by the Bauer method. After 
diastase digestion the positive Bauer reaction was unaltered. 

Three cases (S-454, S-11S7, and S-9410) of cutaneous blastomycosis and one 
case (A-888) of blastomycotic pulmonary abscesses were studied. The yeast 
cells were either Feulgen negative, or questionably pale, or very pale red 
purple nuclei were present. The yeasts were Gram negative, and, by the Weigert 
technique, only occasional cells stained violet in one of the four cases. The cell 
walls were stained deep purplish red by the Bauer method, both with and with- 
out preceding diastase digestion. Glycogen in epidermal cells and sweat gland 
cells was destroyed by the diastase. 

Kernohan 0 has previously indicated the presence of a substance stained by 
Best’s carmine method in the capsules of Ilisioplasma ccqmdatum , Coccidiodcs 
immitus, Tovula histolytica, Blastomyces hominis, Mucor, and Monilia. The 
present study parallels but does not repeat these findings and further identifies 
the capsular substance as one resisting enzyme digestion with diastase and 
ptyalin. 
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A section of guinea pig omentum with experimental mycetoma was studied. 
The fixation was with 10 per cent formalin. The organism was Alhschcna 
boydii. The tissues contained compact rings of closely felted, refractile brownish 
yellow, tortuous septate mycelia. The enveloping membrane was more often 
brown, sometimes blue black, with the Gram-Weigert method. It was unstained 
by the Gram-acetone method. The Bauer method showed most of the filaments 
in their natural brown. A few of the most distal, ramifying filaments were red, 
with or without antecedent diastase digestion. No chromatin was demonstrable 
with the Feulgen method. 

Formalin-fixed liver and spleen from a rabbit infected with Aspergillus 
fumigaius presented Gram-negative mycelia with the Gram-acetone technique. 
"With the Gram-Weigert method part of the mycelia were blue black and part 
red. With the Bauer method a very delicate red to purple capsule was recog- 
nized outside a violet protoplasm and crossing at the septa. This Bauer-positive 
material resisted salivary and diastase digestions. 

The mycelia of ehromoblastomycosis in the formalin-fixed omentum of a 
rat were partly blue black, partly red, and partly brown by the Gram-Weigert 
method. Staining was apparently restricted to an outer capsular substance, so 
that the mycelia appeared as hollow tubes. With the Gram-acetone and the 
Bauer techniques the mycelia apparently retained their natural brown color 
for the most part. Some filaments and, especially, spore-like enlargements pre- 
sented Bauer-positive walls, particularly after diastase digestion. 

In Case S-S442, mycetoma of wound of hand, the granules were Feulgen 
negative and Gram negative with the Gram-acetone method. By the Gram- 
Weigert technique there were few to moderately numerous ramifying septate 
Gram-positive mycelia. These appeared foamy, vacuolated, or barred blue 
black on a pink background. With the Bauer method the granules were com- 
posed of a dense felt work of light purplish red hollow, rather thin-walled 
tubules, which remained Bauer positive after diastase and ptyalin digestion. 

In Case S-1478S, Cephalosporium mycetoma, the granules were again 
Feulgen negative and Grain negative with the Gram-acetone method and again 
contained a few branching, foamy, vacuolated, or solid blue black mycelia by 
the Gram-Weigert method. The Bauer reaction again revealed a close feltwork 
of light red purple tubules, which remained Bauer positive after diastase diges- 
tion. 

In Case A-28S4, Cephalosporium mycetoma, multiple sections of sinus 
tracts presented numbers of large granules composed of wide dichotomously and 
laterally branching mycelia with frequent transverse septa and scattered bulbous 
enlargements to twice ordinary width and about thrice the mycelial width in 
length. These bulbous enlargements were relatively thick Availed. The margin 
Avas partly composed of bulbous enlargements similar to the foregoing in struc- 
ture. The mycelia and bulbs AA-ere Feulgen negative and Gram negative. With 
the Weigert stain part of the mycelia Avere stained pink, part presented A'iolet 
Avails, and some presented transverse blue black bars. Some A-iolet walled 
mycelia ramified beyond the hyaline Gram negative-matrix into the surrounding 
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pus. With the Bauer method the mycelial walls and septa stained deep purplish 
red, with or without antecedent diastase digestion. The niyeclia were not acid 
fast. 

In Case A-3072, Penicillium species abscess of lung, imbedded in the pus 
of the abscess cavities and in giant cells were fragments and radiating stellate 
masses of broad septate mycelium with closely spaced septa, scattered bulging 
thicker-walled segments, and separate oval yeast-like globules similar in short 
diameter to the bulging segments. Lateral and dichotomous branching were 
observed. Mycelia were “negative” to the Zielil Neelson, Feulgen, and Gram 
methods. Most filaments stained pink; a few stained violet, and occasional ones 
were solidly or barred blue black by the Weigert method. Bauer stains, both 
before and after diastase digestion, colored the walls and septa a deep purplish 
red. 

Four cases of actinomycosis (A-47S, A-1914, S-32263, and A-21S7) and 
one case of maduramyeosis (S-17S13) presented more or less numerous granules 
composed of a central feltwork of narrow mycelial threads and a peripheral 
hyaline matrix whose outline varied from granule to granule in each case from 
smooth or lobate to tongue-like narrow prolongations with bulbous tips. The 
mycelial threads only infrequently presented dichotomous brandling. They 
were Feulgen negative. Many stained blue black, some solidly, some barred 
or beaded, and some rod with the Gram method, and nearly all were blue 
black by the Weigert method. The hyaline matrix and border was Gram negative 
by both methods. With the Bauer method some granules presented a vague 
purplish pink granular deposit centrally; in some this purplish pink material 
was vaguely filamentous, and in a few more sharply defined purplish red fila- 
ments were discerned. After diastase digestion vague and definite filaments were 
often more readily discerned. 

Of the foregoing cases, only the last was studied culturally. 

In Case S-22S53, mycotic gastric ulcer, the Gram-acetone method revealed 
a profusion of red filaments and fine and coarse rods in the ulcer base. A 
minority of these organisms were blue black by the Gram-Weigort method. The 
filaments and rods were unstained by the Feulgen and Bauer methods. 

Sufficient material from one ease only of botryomycosis (S-11S6I) was 
available for restudy. One to several “granules” were found in suppurating 
sinuses in each of the five sections. Azure-cosin stains revealed a hyaline eosino- 
philic border zone, marginally serrate, lobate, or bulbous. Next within this was 
a zone of densely packed cocci, sometimes poorlj r stained and sometimes deep 
blue. The centers were composed of more or less closely packed, deeply baso- 
philic cocci lying in clusters, pairs, or short chains. With the Gram stain the 
eoeci were Gram positive in some granules and Gram negative in others. By the 
Weigert method there were always considerable numbers of closely and loosely 
packed Gram-positive cocci occurring in clusters and lying in a hyaline pink 
matrix. The marginal serrate or club zone was hyaline and stained pink to 
fairly deep red. 

By the Bauer method, with and without antecedent diastase digestion, 
the granules stood out under low magnification as conspicuous purplish red 
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masses. The border or club zone stained pale gray or blue gray. The cocci 
appeared as pale blue bodies. Among the cocci were numerous fine red granules 
and short and narrow red bacilli, fewer pale pink rods containing red granules, 
and a few longer red filaments which occasionally showed branching. Bacillary 
and filamentous structures were best discerned in marginal areas. Central areas 
presented too much vague red granular material to permit discernment of detail. 
Occasionally coarser pink filaments with clear centers were discerned, and in 
cross section these appeared as pink to red rings about the same size as the 
cocci. Bed filaments and bacilli were perhaps 0.5 y in thickness; cocci were about 
1 to 1.5 microns. 

The existence of small bacillary and occasionally filamentous Bauer-positive 
elements in the granules of this case of botryomycosis in addition to the usually 
described Gram-positive staphylococci is a matter of interest requiring further 
investigation to decide as to its possible etiologic significance. 

Metazoa . — Tissues from eight animals were reseetioned for study and 
Schistosome eggs were demonstrated in seven of them. Two species. Schistosoma 
mansoni and Schistosoma japonicum, were included in the material, and the 
animals included six experimentally infected hamster’s and a naturally infected 
dog. Some adult parasites were found in veins. Nuclei of adult parasites and 
embryos were red purple by the Feulgen method, just as were the host cell 
nuclei. With the Gram-acetone technique the shells were usually pink but 
sometimes pale violet. With the Gram-Weigert method the shells varied from 
pink to blue black, being perhaps most often violet. Using the Bauer technique 
the shells were usually deep purplish red. Fragmenting shells stained 
similarly and the granulomata surrounding fragmenting eggs or replacing them 
often contained globules and masses of purplish red to purplish pink hyaline 
material in the cytoplasm of the epithelioid cells. After diastase and ptyalin 
digestion tests the shells of the ova still stained red purple with the Bauer 
method, but the" cytoplasm of the epithelioid cells became Bauer negative. 

The implication that the cells of the granuloma convert the chitin-of the 
Schistosome eggshells into a polysaccharide which is digestible by ptyalin and 
by diastase, while the cliitin itself is not so digestible, appears to warrant further 
study. 

The livers of four wild rodents infected with numerous doubly operculate 
eggs of Capillaria (Hepaticola) hepatica were resectioned for study. The in- 
fested animals were. a woodchuck (6240), a cottontail rabbit (8385), a jackrabbit 
(S78S), and a squirrel (8789) from Western Montana. These ova, when stained 
with azure eosin, presented several blue nuclei, coarsely granular pink cytoplasm, 
a hyaline, refractile inner shell, and a refractile, radially striate outer shell. The 
operculae appeared as apparently open spaces. The embryo nuclei stained 
purplish red by the Feulgen method, the refractile inner shell was tinted yellow 
to orange, and the cytoplasm and the radially striate outer shell stained green. 
With the Gram stain the refractile inner shell stained pink to violet, the cyto- 
plasm was largely pink, sometimes containing violet granules, and the outer 
shells were refractile to pale pink. The nuclei stained red; With the Weieert 
method the refractile inner shell stained deep red, the operculae were filled" by 
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deep violet to blue blaelc plugs, the cytoplasm was violet to pink, and the 
radially striate outer shell was pink. Diastase and plyalin digestions did not 
appreciably alter these reactions. 

Inner and outer shells remained unstained or yellowish by the Bauer 
method, the opereulae were tilled by deep purplish red plugs, nuclei were blue, 
and cytoplasm was granular and light purplish red or less often light blue. 
Diastase digestion rendered the cytoplasm of most of the eggs Bauer negative; 
ptyalin was less effective but still destroyed most of the Bauer-positive granular 
material in the cytoplasm. The opercular plugs still stained deep purplish red 
after digestion with either enzyme. 

In a Norway rat (1364), cysticcrcosis of liver, most of the cyst walls and 
cestode tissues were Gram negative, Weigert. negative, and Bauer negative. In 
one section, apparently seolex, much granular purplish red material was present 
in the cestode tissue with the Bauer method, and the Weigert preparation gave 
violet granules in the same location. This section possessed the most Feulgen- 
positive nuclei, but fair numbers of these were present also in the cyst walls. 
After ptyalin and diastase digestion tests the Wcigcrt-positivc material was 
destroyed, and the Bauer-positive material in the seolex persisted after ptyalin 
but not after diastase digestion. 

In a snowshoe rabbit tapeworm (15720), the calcareous globules were deep 
blue by azure eosin, violet with Weigert, and unstained by the other methods. 
Nuclei were stained purplish red with the Feulgen technique. The cuticle was 
deep blue with azure cosin and red with Weigert and Gram techniques. The 
Bauer preparation showed numerous granules and globules of purplish red 
material in the stroma. After a ptyalin digestion test this material became 
Bauer negative. Similarly, Bauer 1 lias shown the presence of glycogen in stroma 
cells and elsewhere in Fasciola licpatica, using iodine, Best and Bauer methods, 
and salivary digestion tests with the two latter stains. 

In Case S-4147, appendix containing Trichuris and Asearis eggs, the eggs 
appear yellow by the Bauer method, brown to yellow by the Feulgen, pink to 
red by Gram-aeetone, and their shells stained red to purple by Gram Weigert. 

In Case S-18128, Onchocerca volvulus in skin, the chi tin of adults stained 
pale reddish purple with the Bauer method, whereas the same parasites contained 
numerous Feulgen-positive nuclei. Feulgen-negativc (dead?) parasites gave a 
denser red purple chitin stain with the Bauer method. The chitin was Feulgen 
negative, Gram negative, and Gram- Weigert negative. 

SUMMARY 

Sharply stained nuclei were demonstrated by the Feulgen method in the 
following. Saicosporidia, Toxoplasma, IClossiclla muris, Trypanosoma cruzi, 
Plasmodium gallinaccum; in eggs, larvae, and adults of Schistomosoma 
japonicum and Schistomosoma v uinsoni; in larvae and adults of tapeworms, 
roundworms, and Onchocerca, volvulus; and in eggs and larvae of Capttlaria 
hepatica.. Poorly stained or dubiously Feulgen-positive nuclei were encountered 
in Encephalitozoon, Eimeria stiedae, Endamoeba histolytica, Torula histolytica, 
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Blastomyces, and Histoplasma capsulatum. * The mycelial fungi, bacteria, 
riekettsiae, Coeeidioides immiius, and Haplosporangium parmim failed to present 
Feulgen staining material. 

Differences between the Gram-acetone method and the AYeigert-aniline 
xylene-Gram variant were generally in the direction that the latter yielded 
more Gram-positive organisms. Eimcria stiedae, almost completely Gram 
negative by the acetone technique, regularly contained numcious conspicuous 
AVeigert-positive granules. One-fourth to two-thirds of the cells of Histo- 
plasma capsulation in any given preparation were Gram positive by the AYeigert 
method, while all were negative by the acetone method. Haplosporangium, 
Torula, and Coeeidioides all showed many more Gram-positive cells with the 
AYeigert method. Klossidla muris often . presents Gram-positive cells by the 
AYeigert method, seldom with the acetone method. Eneephalitozoon is weakly 
positive by the acetone method, while negative and strongly positive cells are 
seen side by side in AYeigert preparations.' Mycetomal and other thick mycelial 
fungi often present some positive filaments with the AYeigert method and none 
with the acetone. AYeigert-positive, Gram-negative material is seen in the shells 
of Schistosome eggs and in the opercular plugs of Capillaria eggs. 

Bauer-positive polysaccharides digestible with ptyalin and malt diastase 
are present in the cytoplasm of Endamoeba histolytica, Eimeria stiedae, most 
Sarcosporidia, and in the egg cytoplasm of Capillaria hepatica. 

Bauer-positive material which resists digestion by ptyalin and malt diastase 
forms the capsules of the following: certain yeasts, such as Monilia Candida, 
Histoplasma capsulatum, Torula histolytica, Haplosporangium parvum, Goccid- 
ioides immitus, and Blastomyces species; certain coarsely mycelial fungi, such 
as those of mycetoma, Penicillium, Aspergillus, and others; the shells of the eggs 
of Schistosoma mansoni and Schistosoma japonicum; and the opercular plugs of 
the eggs of Capillaria hepatica. Bauer-positive, relatively enzyme-resistant 
granules are found in some Sarcosporidia, in a few individuals of Klossiella 
muris, and in Toxoplasma. 

The ray fungi possess small quantities of diffuse material reacting to the 
Bauer test, which often appears more definitely filamentous after enzyme 
digestion tests. Similar bacillary and occasionally filamentous Bauer-positive 
material was found among the staphylococci in the granules in a case of 
botryomyeosis. Some Gram-positive diphtheroid bacilli are also Bauer positive, 
uith or without diastase digestion. 

The Bauer method offers a valuable aid in detection of scarce amebae and 
yeastlike fungi in tissues. It gives structural details in the more coarsely 
mycelial fungi which are not apparent with other usual staining methods. It 
clearly demonstrates the remaining fragments of Schistosome eggs in granu- 
lomata in which they are not readily identifiable by other means. 

In its possession of a Bauer-positive, enzyme-resistant capsule and in its 
partially Gram-positive reaction Eneephalitozoon shows a certain resemblance to 
Coeeidioides and to Histoplasma. AYenyon 10 has stated that “in many respects 
it resembles a small yeast, but reproduction by budding has not been observed.” 
Tie further states that “It seems premature to conclude that the organism is 
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even a prolozoon, ’ ’ The present data tend to accentuate the doubt of the 
protozoal nature of this organism. It is noteworthy that both Coeeidioidcs and 
Ilistoplasma were first thought to be protozoal. 
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A SIMPLE METHOD OF STAINING MALAKIA PARASITES 

George Joaxxides, M.D. 

Athexs, Greece 

T HE report by ManwelP incites me to report another simple method for 
staining malarial parasites which was used during the war when no Lcish- 
man, Wright, or Giemsa’s stains were available and when buffered or distilled 
water could not be obtained. 

In a 50 c.c. porcelain evaporating dish, place 0.5 Gm. methylene blue and 
1.5 Gm. borax. Add, -with stirring, 30 c.c. of boiling tap water. Place the 
evaporating dish over a small flame at such a height as to maintain a temperature 
of 75 to 80° Centigrade. The liquid evaporates almost to dryness in approx- 
imately one-half hour. Add 30 c.c. of boiling tap water for a second and a third 
time, evaporating after each addition. Set aside for twenty-four hours. A dry 
blue compact mass remains in the evaporating dish. Add, without stirring, 30 
c.c. of 95 per cent alcohol. After five minutes pour the alcohol into a 100 c.c. 
bottle and let the residue in the evaporating dish dry almost completely. Repeat 
the extraction in the same way, once with 30 c.c. and once with 10 c.c., of alcohol. 
The total alcoholic extract (about 100 c.c.) is blue and contains no precipitate. 

On the unfixed blood film, place 15 drops of the alcoholic stain. After thirty 
to sixty seconds add 15 drops of a 1 to 2000 solution of eosin in tap water. Mix 
the stains on the slide by means of a glass rod. After three to four minutes flood 
the slide with tap water, wash with tap water, and let dry. The red cells appear 
light green with a pinkish cast, the eosinophile granules stain pink, and the re- 
maining leucocytes and the platelets stain as with Giemsa ’s stain. The malarial 
parasites also have the same appearance as when treated with Giemsa’s stain 
but are stained somewhat less deeply. 

The satisfactory results obtained by this method are probably due to: (1) 
nearly complete transformation of methylene blue to azure: (2) the greater 
solubility in alcohol of the azure as compared to the methylene blue solubility; 
and (3) the insolubility of borax in alcohol. The technique constitutes a' com- 
bination and modification of older ones published by many authors. 
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THE USE OF RUSSELL VIPER VENOM AS A MEANS OF FOLLOWING 
THE ANTICOAGULANT ACTION OF 3,3 '-IMETHYLENEBIS 
(4-IIYDROXY COUMARIN) IN THE DOG 

Edwin J. deBeer 
Tuckaiioe, N. Y. 

With the Technical Assistance oe Rocco Fanelli 

F ULLERTON, 1 Page and Russell, 2 Shapiro and co-workers, 3 and others have 
shown that when Russell viper venom was substituted lor thromboplastin 
in Quick’s 4 prothrombin time test, certain points of resemblance could be 
noted. The purpose of this paper is to present comparative data obtained by 
the action of each of the two clotting accelerators on the plasma of dogs 
treated with 3,3'-methylene bis (4-hydroxycoumarin) (Dicumarol).® 

Link and associates 5 ’ 0 have shown that dicumarol is probably responsible 
for the hemorrhagic action of spoiled sweet clover hay. It is believed gen- 
erally that the drug acts by reducing the effective prothrombin level. In fact, 
Quick’s prothrombin time test was used to guide the isolation work. Without 
attempting to review the literature in the clinical field, it may be stated also 
that thromboplastin has been frequently employed to follow the course of 
dicumarol therapy. 7 ' 0 Russell viper venom also has been used for this purpose, 
and among its users may be mentioned the names of Shapiro and Sherwin 8 
and Wright and Prandoni. 10 


METHODS 

Blood was obtained from dogs by venipuncture, decalcified by mixing with 
2 mg. of dry potassium oxalate per cubic centimeter of blood, and centrifuged 
promptly. The clear plasma was diluted by adding 3 volumes of 0.9 per cent 
NaCl and the prothrombin time determined on one portion with 2.5 per cent 
thromboplastin as described by Quick. 4 A commercial preparation prepared 
from rabbit brain was used for this purpose. This concentration of plasma 
(25 per cent) was found to be well suited for use with Russell viper venon 
since it yielded times of convenient length. Much longer times were obtained 
with thromboplastin at the maximum dicumarol effect. It may be noted that 
times may be shortened for both thromboplastin and Russell viper venom by 
increasing the plasma concentration or they may be lengthened by diluting 
the plasma. 

A second portion was tested with Russell viper venom instead of thrombo- 
plastin. In carrying out this determination, 0.1 c.c. of the 25 per cent plasma 
was mixed with 0.1 e.e. of 1 :10,000 Russell viper venom t and 0.1 c.c. of 1 per 

From the Wellcome Research Laboratories. 

Received for publication, June 17, 1946. 

‘Dicumarol is the trademark for a commercial preparation of 3,3 '-methylene bis (4-hy- 
droxycoumarin). 

■(•Supplied as Stypven Brand Russell Viper Venom by Burroughs Wellcome & Co. 
(U. S. A.) Inc., New York, N. Y. 
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cent calcium chloride was then added. A stop watch was started at the instant 
of- the addition of the calcium chloride and stopped when the first flecks of 
fibrin appeared. For the sake of convenience this elapsed time interval will 
he known as the RV time. All determinations were made in triplicate. Eight 
different dogs were used in these experiments. 

Dicumarol in gelatin capsules was given orally. 

RESULTS 

The results of a typical experiment arc given in Table I. It will be 
observed that the RV times paralleled the prothrombin times in several re- 
spects. Both coagulating agents simultaneously revealed the onset of dicu- 
marol action, both indicated about the same duration of action, and both 
showed peaks of maximum intensity at about the same time. It will be ob- 
served that the thromboplastin figures rose to relatively higher values. Also 
thromboplastin figures fell to relatively lower levels during the reaction period 
which lasted for two or three weeks after the dicumarol administration. 


Table I. Relationships Between Dicumarol Administration, Prothrombin Time, and 

RV Time in Dog 


DATE 

MEAN RV TIME 
(SECONDS) 

MEAN PROTHROMBIN' 
TIME (SECONDS) 

DICUMAROL DOSAGE 
(MG. PER KG.) 

11/15 

28.3 

31.1 

10 

11/16 

40.5* 

57.3* 

10 

11/17 

46.6* 

314.0* 

10 

11/1 S 

71.4* 

>900.0* 



11/20 

107.0* 

>900.0* 


11/22 

62.4* 

182.0* 


11/24 

40.3* 

31.3 


11/25 

2 S .0 

34.1 


11/27 

31.3 

. 30.4 


12/11 

21 . S 

18.3 


12/12 

23.2 

17.1 


12/14 

21.2 

13.1 


12/10 ■ 

24.0 

14.7 


12/18 

12/19 

24.8 

3 S .8* 

13.9 

26.9* 

30 

12/20 

49.8* 

56.3* 


12/21 

50.3* 

121.0* 


12/22 

56.3* 

433.0* 


12/23 

61.8* 

133.0* 


12/26 

34.5* 

20.2 


12/27 

29.2 

17.8 


12/29 

26.6 

17.7 


1/1 

29.8 

20.1 


AU determinations were done in triplicate on 25 per cent dog plasma, 
alues significantly above the normal level. 


These experiments confirmed the earlier observations of Butt and asso- 
ciates' that divided doses of dicumarol were more effective than the same 
quantity administered in a single dose. 

In considering the significance of the effects produced by dicumarol, ac- 
count must be taken of the reproducibility of the test and the fluctuations in 
normal levels. Both thromboplastin and Russell viper venom gave highlv 
consistent values. The total range experienced in triplicate determinations 
18 17ir • m01 ' c than 0110 or two seconds. Normal times, however, vary from 
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dog to dog, and Pig. 1 gives an example of how times may vary within the' 
same animal. If the data of November 15, 25, 27, December 11 to 18, 27, 29, 
and January 1, as given in Table I, be considered as normal values, it will be 
seen that the RV times for this animal varied about a mean of 26.2 seconds. 
The standard deviation of these eleven values was 3.4 seconds. It is commonly 
assumed that any sample which breaks through a range embraced by the 
mean ± 2 times t he standard deviation should be considered significantly differ- 
ent. In this case the upper limit would be 26.2 + (2 x 3.25) or 32.7 seconds. 
If this figure be taken as a guide, it is apparent that the administrations of 
dieumarol were followed by significant increases in RV times. 



SUMMARY 

Russell viper venom resembled thromboplastin in its ability to follow the 
course of the anticoagulant action of 3,3'-methylene bis (4-hydroxycoumarin) 
in the dog. 

The times for the formation of clots by thromboplastin were relatively 
longer than the times for the formation of fibrin flecks by Russell viper venom. 
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MICROANALYSIS OP OPIATES BY X-RAY DIFFRACTION* 

S. T. Gross,! Urbana, III., and Fred AV. Oberst,! Lexington, Ky. 

S INCE the development of various derivatives of morphine and the ultimate 
study of many of them in man and animals, it has become more difficult to 
find chemical tests suitable for their identification and determination in amounts 
present in biologic materials after administration. Occasionally toxicologic 
examinations of the lesser known opium derivatives require other than chemical 
means for a specific and conclusive identification. 

The x-ray diffraction method has been used successfully for many years as 
a critical, characteristic means of identification, but it has not found application 
in many fields where only extremely small amounts of materials are available 
for analysis. Its advantages have led us to develop microdiffraction techniques 
of sufficient sensitivity that practically any sample of crystalline material may 
be identified and determined quantitatively. The new methods of identification 
serve not only to adapt small samples for diffraction information but include 
topochemical reactions in the preparation and examination of derivatives. 

METHODS 

The flat cassette method of x-ray diffraction was employed in the present 
experiments (Fig. 1). The x-ray beam, collimated to a thin pencil of radiation 
about 0.010 inch in diameter, was allowed to penetrate the sample, and the dif- 
fraction pattern was recorded on a flat film mounted perpendicularly to the x-ray 
beam and separated from the sample by 5 centimeters. The sample holder was 
a small metal disk perforated with an opening % 4 inch in diameter in which the 
sample (about 0.08 mg. or SO y) was packed. X-radiation from a copper target 
diffraction tube, filtered through 0.001 inch nickel foil, was used; exposures were 
two hours at 14 ma. and 40 kv. peak. Data are tabulated in terms of interplanar 
spacings or “d” values, where “d” is defined by the' Bragg law, 

d = A 

2 sin©’ 

The wave length of x-radiation used (A)- is essentially 1.54 A.U. ; 2 © represents 
the angular deviation of the diffracted x-ray beam from the undiffracted beam 
(Fig. 1). Intensity values were estimated with a Leeds and Northrup recording 
microphotometer. No attempt was made to correct for absorption of the x-ray 

Received for publication. Sept. 19, 194G. 

*The x-ray work was carried out in the Department of Analytical Chemistnr at the 
University of Illinois. The drugs used in the test were prepared by Dr. Lyndon F. fomall, 
formerly of the University of Virginia and now at the National Institute of Health, while 
participating in the work of the Committee on Drug Addiction of the National Research Council. 

•[Formerly with the Noyes Laboratory of Chemistry, University of Illinois; now with the 
General Aniline and Film Corporation, Easton, Pa. 

^Formerly Biological Chemist, Research Department, United States Public Health Service 
Hospital ; now with the Wm. S. Merrell Company, Cincinnati, Ohio. 
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beam in the samples, although samples were made as thin as possible to obviate 
this factor. Intensity values listed are comparable only with patterns made by 
the flat cassette method, although “d” values are identical within experimental 
error with those obtained from any type of x-ray powder diffraction pattern 
technique. 

A single pattern is acceptable identification when exact coincidence with a 
reference is obtained, but the use of two patterns of an alkaloid (one of the base 
and one of its hydrochloride salt) x'enders the result conclusive. Such reactions 
are readily carried out topochemically as follows: After a pattern of the free 
base is obtained, the mounted sample may be exposed to hydrochloric acid fumes 
for a short time. This converts the base to the hydrochloride salt (as shown by 
the absence of the diffraction lines of the base), and the second diffration pat- 
tern may be obtained. If the starting material were the hydrochloride, exposure 
to ammonia fumes will convert it to the free base. 



These gas treatments are conveniently carried out by rinsing a beaker with 
concentrated hydrochloric acid or with ammonium hydroxide, as desired, and 
inverting it over the sample mounted in the holder for twenty to thirty minutes, 
he sample holder must be constructed of material which will not react with 
ic fumes; otherwise, it is necessary to remove the sample from the holder and 
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replace it later. The pattern of ammonium chloride formed in the sample will 
appear on .subsequent diffraction patterns, but does not interfere with the 
identification. 

RESULTS 

X-ray Diffraction Patterns of Several Opiates and of Demerol . — The data 
given in Table I are arranged for classification according to the system employed 
by Hanawalt 1 in his tables for the identification of unknown materials b\ r the 
diffraction method. Roman numerals I, IT, and III, following intensity values, 
correspond to the three strongest lines in the order of their intensity. Symbol B 
indicates that the line is unusually broad, and brackets are employed when two 
lines are so close together that slight changes in experimental conditions might 
make them appear as a single diffraction interference. 



Fig. 2 . — Patterns made with Altered copper K-alpha radiation ; sample — Aim distance. 
5 cm. ; two-hour, exposure. 20 Ma. and 40 kv. A, morphine base ; B. morphine hydrochloride , 
C, morphine sulfate dihydrate, D, morphine sulfate pentahydrate ; E, heroin base; F, heroin 
hydrochloride. 

The characteristic experimental measurements for a number of opiates and 
for Demerol* are listed in Table I ; example prints are shown in Fig. 2. Atten- 
tion is directed to the patterns of two hydrates of morphine sulfate, the one be- 

*This drug was furnished by Dr. O. W. Barlow, formerly of the Winthrop Chemical Com- 
pany, Inc., New York, N. Y. 
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m g a dihydrate and the other a pentahydrate.* The pattern obtained after 
heating the pentahydrate of morphine sulfate between 1S5 and 195° C. for two 
hours is also included in the table. This pattern is reproducible and probably 
represents largely the anhydrous form, although it may also contain some other 
decomposition products. This pattern is not accounted for by combination of 
the two hydrates. 



Fig. 3 A, Diffraction pattern of urinary residue after heroin administration, showing 

presence of morphine (small amount of magnesium oxide added). Exposure made seven hours. 
B, Diffraction pattern of 0.7 y morphine suspended in 0.06 mg. magnesium oxide. 


Detection of Morphine in Urine by X-ray Method . — In Fig. 3 A is shown 
the diffraction pattern of an alkaloid present in a residue prepared from urine 
of an addict receiving' heroin . \ Comparison with Fig. 3 B shows that this prod- 
uct is largely morphine; no heroin could be detected. This is in accord with 
excretion studies previously reported. 3 The total amount of sample available in 
this case was about 0.98 milligram. The spots on the pattern indicate that the 
material was present as crystals with particle size greater than about 10~ 3 
centimeters. Below this dimension the lines are sharp and smooth until colloidal 
dimensions are attained. In either case the position of the diffraction lines 
is unchanged. 

Since urinary residues containing morphine, etc., are rather hygroscopic, 
they should be examined under conditions of reduced humidity. 


DISCUSSION 


The described method of identification by x-ray diffraction technique is ac- 
cepted as definite, especially when based upon two diffraction patterns. It is not 


•The results on two hydrates of morphine sulfate are worthy of mention. Patterns ob- 
tained from a single commercial sample were not identical with those of Dr. Howard L. An- 
drews of the National Institute of Health. This stimulated further examination of seven 
additional samples; Uiree of these gave the same pattern as ours and four were identical with 
those of Dr. Andrews. 


Dr. Andrews 5 heated the pentahydrate of morphine sulfate at 57° C. for two hours and 
then made an x-ray pattern in a sealed tube. A mixture of the two patterns was obtained. 
Heating the pentahydrate at 60° C. for two hours gave a compound having a pure pattern 
agreeing with our original one. When the tube was left open for a few hours, the diffraction 
Pattern returned to the form found for the pentahydrate. Weight loss determinations made by 
ur. Andrews Indicate that the change in patterns is accompanied bv a loss of 3 molecules 
w j?A? r \ 11 is believed that one pattern is obtained from the pentahydrate and the other from 

trie ulnvrimt*' 


IThe alkaloid excreted in urine was extracted by means of a chloroform-alcohol mix- 
llmddhi™?.? r 1 , par . ti! ' respectively) according to the technique described by Oberst,= using a 
extrar! extractor After evaporation of the solvent the residue was subjected to isoelectric 
Witlf resldu ? obtained after evaporation of the organic solvent was then treated 

sul^?ttc?to x-ray exam'inatiom^ - aporation of the rSid^e' and* 
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Table I. interplanar Spacings and Relative Intensities,* Using a Flat Cassette and 

Filtered Copper K-alpiia Radiation 


d A.TJ. 

I 

d A.TJ. 

I 

1. Morphine Base 




10.14 

0.16 

4.82 

0.15 

7.37 

o.5o m 

4.16 

0.45 

6.59 

0.65 II 

3.98 

0.10 

6.25 

0.15 

3.71 

0.10 

6,00 

1.00 I 

3.42 

0.30 

5.00 

0.50 



2. Morphine Hydrochloride 



10.65 

0.15 

4.61 

0.4S 

7.91 

0.15 

4.11 

0.60 

6.70 

1.00 I 

3.86 

0.43 

5.99 

i.oo n 

3.57 

0.30 

5.68 

o.60 m 

3.38 

0.50 

4.79 

0.30 



3. Morphine Sulfate Dihydrate 



14.69 

0.10 

3.84 

0.20 

7.99 

o.os 

3.53 

0.25 

7.20 • 

0.50 II 

3.41 

0.25 

6.64 

0.13 

3.19 

0.03 

6.24 

1.00 I 

3.10 

0.08 

5.47 

0.20 

2.96 

0.02 

5.19 

0.10 

2.86 

0.04 

4.97 

0.15 

2.71 

0.02 

4.69 

0.10 

2.64 

0.04 

4.27 

0.30 III 

2.50 

0.00 

4. Morphine Sulfate Tentahydrate 



. 15.10 

0.35 

4.36 

O.SO II 

8.35 

0.10 

4.06 

0.05 

7.65 

0.15 

3.86 

0.05 

7.16 

0.15 

3.09 

0.03 

6.21 

1.00 I 

3.39 

0.45 

5.64 

o.5o in 

3.26 

0.05 

5.24 

0.10 

3.12 

0.15 

5.01 

0.20 

2.03 

0.15 

4.70 

0.05 



5. Morphine Sulfate, Probably Anhydrous (The pentahydrate was 

heated 1S5 to 195° C. for 

two hours) 




15.15 

0.5 

4.26 

0.5 

13.46 

0.7 III 

3.98 

0.2 

7.91 

0.3 

3.61 

0.2 

7.25 

0.1 

3.41 

0.1 

6.30 

1.0 I 

3.35 

0.1 

5.86 

0.0 

3.22 

0.1 

5.51 

0.2 

3.14 

0.1 

5.09 

0.8 II 

2.94 

0.2 

4.71 

0.1 

2.70 

0.2 

4.55 

0.1 

2.47 

0.1 



2.32 

0.1 

6. Codeine Base 




6.53 

1.00 I 

3.49 

0.10 

6.04 

0.10 

3.23 

0.10 

5.23 

0.33 

3.02 

0.10 

4.89 

0.46 n 

2.S5 

0.10 

3.89 

0.22 

2.70 

0.10 

3.75 

0.45 m 



7. Codeine Hydrochloride 



10.33 

0.50 

3.91 

1.00 I 

8.04 

o.so m 

3.75 

0.20 

6.11 

0.71 

3.29 

0.20 

5.70 

0.90 n 

3.09 

0.20 

5.15 

0.30 

2.97 

0.20 

4.71 

0.25 B 

2.77 

0.20 
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10.41' 

0.29 

9.62 

0.40 

7.15 

1.00 I 

6.62 

0.75 II 

6.03 

0.60 m 

5.54 

0.30 

5.15 

0.15 

4.83 

0.10 

' Hydrochloride 


9/50 

0.10 

6.50 

1.00 I 

6.04 

1.00 II 

5.56 

0.50 in 

5.01 

0.20 

4.72 

0.15 

4.51 

0.50 


0.58 B 


10. Heroin Base (Diacetylmorphine) 

?:«} °- 75m 

6.99 0.80 II 

5.51 1.00 I 

4.96 0.30 B 

11. Heroin Hydrochloride 

1S.35 0.17 

9.19 0.70 

8.04 0.40 

7.1S 1.00 I 

6.S4 0.15 

6.3S 0.75 

5.79 0.90 II 

5.33 0.20 

5.13 0.90 m 

4.91 0.20 

12. Monoacetylmorphine Hydrochloride 

10.97 0.15 

8.37 1.00 I 

6.61 0.50 

6.11 0.60 II 

5.92 0.60 HI 

6.62 0.10 

5.30 0.15 

5.06 0.40 

4.70 0.35 


0.20 
0.20 
0.30 B 
0.70 
0.30 
0.50 
0.25 
0.10 
0.10 
0.10 


6.90 

1.00 I 

3.so 

6.45 

0.90 n 

3.46 

6.02 

0.70 

3.15 

5.56 

0.30 

2.92 

5.10 

0.30 

2.77 

4.67 

0.50 

2.71 

4.43 

0.20 


4.17 

o.s5 m 



u. Demerol (Hydrochloride of l-methyl-4-phenvl-piperidine-4-carboxvlic acid ethvl e=teri 
7-79 1.00 I 3.70 ' 0.12 ' ~ 

6 - 78 0.22 3.53 0.80 HI 

o-Gl 0.70 3.35 0.10 

Hoi 0.S0 n 3.26 0.10 

5-03 S 3.00 0.10 

3:09 gf, in a 
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limited to alkaloids; any crystalline material may be so identified. Patterns of 
a number of alkaloids have been prepared by one of us (S. T. G.), and the 
topochcmical method of preparing salts, or the free bases, works quite as well 
as with the opium alkaloids shown in Table I. Such identifications are of definite 
toxicologic interest, since the material used is not consumed, the identity is cer- 
tain, and the diffraction patterns serve as permanent records. 

It is possible to obtain diffraction patterns with extremely small amounts 
of material by using a small sample holder and a very thin powdered sample. 
Even smaller samples may be used if some inert material, comparatively trans- 
parent to the radiation, is added to support the alkaloid. With such a mixture 
the morphine pattern has been obtained with as little as 0.0007 mg. (0.7 y) of 
morphine in the sample. Only the strongest lines are present in patterns con- 
taining such small amounts of alkaloid (Fig. 3 B) . It is necessary that the 
mounted sample contain at least 1 per cent of morphine; hence, overdilution with 
the inert material must be avoided. Such a sample was prepared by mixing the 
free alkaloid in an aqueous suspension with a weighed amount of magnesium 
oxide to give a thorough dispersion of the insoluble alkaloid.' After d lying, a 
small amount of the weighed mixture was used for the sample mount. Reaction 
between the magnesium oxide and water is quite negligible. 

Experiments were carried out by precipitating the base with ammonium 
hydroxide fumes from a solution of an alkaloidal salt in the presence of a suspen- 
sion of magnesium oxide. This method is also satisfactory, but diffraction lines 
from addition products, which must be recognized and discounted, complicate 
the pattern. 

By addition of some known material in a definite proportion to a sample, it 
is possible to test for the alkaloid quantitatively. Such a quantitative micro- 
estimation requires a comparison of line intensities and a correction factor. As 
a description of this method has been published,' 1 details will not be given here. 
The flat cassette type of pattern is suitable for such an analysis, which makes it 
possible to determine all important constituents of a mixture from one diffrac- 
tion pattern, provided the necessary reference data are available. 

Advantages of the x-ray diffraction technique over other methods of identifi- 
cation are: (1) characteristic and specific diffraction patteims • are obtained 
for any given substance, (2) employment of extremely small amounts of ma- 
terial is possible, (3) a permanent record is obtained, (4) the sample is not 
destroyed, (5) samples need not be pure (only a small percentage of the 
material being necessary for identification in the absence of heavy absorbing 
inorganic salts), (6) all of the materials may be identified in mixtures, al- 
though the analysis is more tedious than in the case of a simple compound, 
and (7) quantitative estimation is possible with a very small change in proce- 
dure. Among the disadvantages of this technique, mention should be made of 
the fact that the presence of either solid solutions or colloids may give unsatis- 
factory results; however, this condition was not encountered with the materials 
used in the present study. It is necessary to have standard patterns, or data 
such as are given in this paper, to carry out the identification. 
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SUMMARY 

A micromethod for a conclusive identification of various alkaloids, either 
singly or in mixtures, is described. The specific data necessary for identifica- 
tion of a number of the opium alkaloids are listed in a suitable form for gen- 
eral usage. The sensitivity of the method has been shown to be sufficient to de- 
tect and identify quantities of alkaloid as small as 0.0007 mg. (0.7 y). 

A method is described for converting the free base of an alkaloid to a salt 
in the sample holder without loss of material, whereby two diffraction patterns, 
rather than one, are used to make identification conclusive. 

The authors wish to acknowledge their indebtedness to Dr. Lyndon F. Small, for sup- 
plying many of the opiates studied, and to Dr. Howard L. Andrews and Dr. Small, for reading 
the manuscript and offering helpful suggestions. 
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A METHOD OP BONE MARROW BIOPSY FROM THE RAT* 


I. Myron Vigran, M.D.f 
Rochester, Minn. 

I N STUDIES of experimental anemia it is frequently essential to observe cyto- 
logic changes which occur within the bone marrow. In connection with a 
recent study of the effects of synthetic folic acid (folvite) on certain experi- 
mentally induced anemias, some procedure which permitted frequent sampling 
of the bone marrow in individual rats was essential. Since this procedure has 
proved most satisfactory and since I am aware of but one published method! 
for obtaining specimens of bone marrow from small animals, I believe that a 
report of this technique may be of interest to hematologists. 



De-ntal drill 



The procedure may be performed quickly, usually requiring less than ten 
minutes. Anesthesia is induced with an intraperitoneal injection of pentobar- 

Received for publication, Nov. 2, 194G. 

*Work done in the Division of Experimental Medicine, Mayo Foundation, under the di- 
rection of Dr. George M. Higgins. 

tFellow in Medicine, Mayo Foundation. 

tSteinberg, B., and Martin, R. A. : Removal of Bone Marrow in Diving Animals, Proc. 
Soc. Exper. Biol. &. Med. Gl: 42S, 1946. 
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bital sodium in amounts equal to 30 mg. per kilogram of body weight. Ether 
anesthesia may also be used. The rat is placed on an operating board in a 
prone position and the hair over the lateral aspect of the thigh is clipped. An 
incision approximately inch (1.3 cm.) in length is made through the skin 
and fascia directly over the distal third of the femur. The fibers of the short 
head of the biceps muscle are then carefully separated by means of a small 
hemostat, thereby exposing the femur. The muscle fibers on either side of the 
bone are retracted with small aneurysm needles and the periosteum of the femur 
is stripped away. Using a crosscut dental bur (No. 560), a small opening is 
made through the cortex into the marrow cavity (Fig. la). The circular open- 
ing is then slightly enlarged in the direction of the longitudinal axis of the bone, 
forming an oblong aperture which readily permits the insertion of the tip of 
an especially designed pipette into the marrow space (Fig. lb). The pipette, 
which previously has been rinsed with a solution of heparin, is passed through 
the opening so that its tip lies in the marrow space parallel to the long axis of 
the bone (Fig. 1c and d). A small quantity of the marrow is then orally as- 
pirated. Appropriately sized drops are placed on clean glass.slides and films are 
made in the usual manner. 

The incision is closed with a single cotton suture extending through the 
skin into the deep muscles (Fig. lc). Untoward aftereffects are seldom noted, 
and the incision is usually well healed within a week. The slides are stained 
with MacNeal’s tetrachrome stain'. The procedure may he repeated within a 
week on the opposite femur and within three weeks on the original one. 


THE USE OF DRIED ANTIGEN PREPARATIONS FOR TESTING 
PNEUMOCOCCUS TYPING SERA 

Janet M. Bourn, Ph.D., and Charmion M. Carnes, A.B. 

T HE testing of pneumococcus typing sera for specific and cross reactions 
according to the requirements of the National Institute of Health served to 
stimulate the study reported here. The problem was to find a way of pre- 
serving pneumococcus typing antigens for a period longer than four days and to 
demonstrate the successful use of such antigens. 

The directions for the preparation of pneumococcus antigens, as given by 
the National Institute of Health, 1 may be summarized as follows : Each antigen 
used is a young (one to five hour), fully virulent broth culture to which 1.43 per 
cent commercial formalin has been added and which has been checked for cap- 
sular swelling and agglutination with' homologous antiserum. The antigens 
should be kept in a cold room when not in use and in an iced container when in 
use. The antigen may be used as long as the pneumococci stay in suspension and 
the swollen capsules appear intact and are not fragmented, usually a period 
of three or four days. 

The use of dried antigen preparations as a means of preserving pneumococ- 
cus antigens for a period longer than four days was selected as feasible and was 
tested in the following manner: The thirty different types of pneumococcus 
which were used for such antigens represented strains which had been received 
from the National Institute of Health, except types 5 and 7 which were obtained 
from the New York City Department of Health. The antigens were prepared 
from Felton broth cultures which had been incubated four or five hours at 37° 
Centigrade. A small loopful (28 gauge platinum loop, 1 mm. inside diameter) of 
each living antigen was placed on a new clean microscopic slide as in making a 
Neufeld preparation, and the same sized loopful of purified gastric mucin was 
mixed well with the antigen but confined to a small area. This was allowed to 
dry in the air, after which the preparations were stored in regular wooden slide 
boxes free from dust. Mucin was added as a protective medium for the pneu- 
mococci with the idea that the specificity of the dried organisms might be dem- 
onstrated over a longer period than otherwise. However, it was found necessary 
{(Fqjttmfy the gastric mucin following the method of Chase, 2 since the crude 
product ^oIFtiained an amorphic material which interfered with the Neufeld test. 

Similar dried preparations were made, using pneumococcus antigens types 1, 

2 and 3 which had been formalinized according to the National Institute of 
Health requirements. In addition, four serial sets of dried living preparations 
not containing formalin werie, made for testing cross reactions of pneumococcus 

typing serum. \ 

~ jYom the Bureau of Laboratories, Michigan Department of Health. 

Received for publication, Nov. 9 , 1946. 
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As shown in Table I, the thirty different types of dried pneumococcus 
antigens prepared with purified gastric muein gave very good Ncufeld reactions 
for a period of four weeks. Positive agglutination of all the different types of 
pneumococcus was demonstrated throughout the entire observation period of 
nine weeks, whereas the capsules gradually disintegrated after four weeks. The 
pneumococcus antigens which were formalinized, that is, types 1, 2; and 3, gave 
results which were comparable to those of the dried living antigens. 


Table I. Duration- of Specificity of Dried Preparation’s of Pneumococcus as Determined 

by Nfuffld Reaction . 


types) 4/20/3914/26/39 |4/2S/39| 5/4/39 1 5/l0/3fl|5/10/30 1 5/25/39| 6/1/39 [ 0/8/39 1 6/1 6/39 


1 

O 

u 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

27 

28 
29 

31 

32 

1 

2 

3 





Dried, Living * 





XX 

44 

+ + 

44 

4- -f 

+ -f 

4- 4- 

X X 

4* 4* 

4- 4- 

4 + 

4 4 

4* + 

4 x 

-f-f 

-r ± 

4± 

4-± 

4 — 

4- - 

X X 

44 - 

+ + 

X X 

J. -f 

-f ± 

4 ± 

4 -± 

4- i 

x + 

+ + 

XX 

+ + 

44 

X 4 

-f ± 

XX 

4- -* 

4- " 

4- - 

4 + 

44 

+ + 

44 

44 

+ 4* 

44 

x * 

4- - 

X - 

44 

44 

4* 4* 

44 

44 

+ 4- 

44 

4-4- 

4-± 

+ - 

44 

4 4 

4*4- 

X X 

4 4 

X X 

4 - 

x - 

4- - 

+ - 

44 

44 

4-4- 

++ 

x4 

X + 

4± 

4-± 

4 — 

4- - 

XX 

44 

4-4- 

4 + 

4 + 


4± 

4 — 

x - 

X - 

44 

44 


44 

4 + 

4* i 

4± 

X - 

X - 

4- - 

4-4 

44 

4- 4" 

44 

x4 

+ ± 

X + 

4- — 

+ - 

4 — 

|4 

44 

4 + 

4 4 

X X 

-r 4- 

4- 4- 

4-4- 

4- - 

x _ 

44 

44 

4 4 

44 

4 4 

x + 

4 + 

-1 — 

4-- 

+ - 

4 4 

44 

44 

44 

44 

4-4- 

4- 4- 

X X 

4 . ± 

X X 

44 

44 

44 

4 4 

44 

4-4- 

4- 4- 

4- i 

X - 

X _ 

44 

44 

44 

44 

44 

4- 4* 

4-4- 

4- - 

4- — 

+ - 

44 

44 

44 

44 

44 

4-4- 

4- ± 

x ± 

4-- 

4- ~ 

44 

44 

44 

44 

44 

4-4- 

x x 

4- - 

x - 

j 

44 

44 

44 

4 4 

X X 

+ ± 

4- 4- 

X ± 

x± 

X _ 

44 

44 

44 

X X 

44 

X X 

4± 

X + 

X - 

X — 

XX 

44 

44 

44 

4 4 

4* - 

r ~ 

X _ 

4- - 

+ - 

44 

44 

44 

44 

44 

4- i 

x + 

+ - 

4- ~ 

4-- 

44 

44 

44 

44 

4 + 

4-4- 

4-4- 

4- - 

4- “ 

4-- 

44 

44 

44 

44 

x 4 

4- ± 

x x 

4-± 

4- - 

+ - 

44 

44 

44 

44 

44 

4-4- 

X x 

4- ± 

X — 

4- — 

44 

44 

44 

44 

44 

+ ± 

+ ± 

4* ± 

X — 

4-- 

44 

44 

44 

44 

44 

4-- 

4-± 

4-± 

X — 

+ - 

44 

44 

44 

44 

4 + 

+ ± 

x + 

4- - 

4-“ 

-i — 

+ + 

44 

44 

44 

44 

+ ± 

4-± 

-f-± 

X - 

x _ 

44 

44 

44 

44 

Dried, 

44 44 

Formalinized j 

4- 4- 

+ ± 

+ - 

X -- 

44 

44 

- 44 

44 

44 

4- .4- 

4- 4- 

X - 

+ - 

+- 

44 

44 

4 4 

44 

4 + 

x ± 

+ ± 

x± 

+ - 

+- 

X X 

44 

44 

44 

x 4 

X + 

4- ± 

X + 

T± 

T — 


**"4-, Positive agglutination and capsular swelling. 

positive agglutination and less than 90 per cent capsulation, with debris present- 
Positive agglutination and no capsular swelling. 

Tjpes 1 to 15, inclusive, prepared 4/1 S/39 ; remaining types prepared 4/19/39. 

T Formalinized according to National Institute of Health requirements, prepared 4/19/39. 


In order to check the efficiency and dependability of the dried antigen 
Preparations for testing pneumococcus typing sera, four such sera were tested : 
nrst by the method required by the National Institute of Health, and second, 
J flic same method except for substitution of dried living antigen preparations 
111 placc o£ formalinized antigens in suspension. After the Neufeld tests were 
prepared they were incubated for one-half hour at 37° C. as required by the 
4 ational Institute of Health. Upon examination the dried antigen preparations 
'ere found to be as clean-cut in appearance as were the other preparations. 
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In summary, the dried antigen preparations made from fresh living anti- 
gens of thirty different types of pneumococcus gave good specificity tests as 
determined by Neufeld reactions both for capsular swelling and agglutination 
for a period of four weeks. After four weeks there was a gradual disintegration 
of the capsules resulting in a deposit of amorphic debris in the preparations. 
Similarly prepared formalinized antigen preparations of types 1, 2, and 3 pneu- 
mococcus gave corresponding results over the same period. 

The dried preparations proved to be equally satisfactory for testing anti- 
pneumococcus typing serum. The results were equivalent to the results obtained 
by using the same sera and' following the directions given by the National In- 
stitute of Health. 

Although we were not familiar with Pranion V improved technique for 
pneumococcus typing by the “Quellung” reaction when this study was in 
progress, it is interesting to comment in passing that the results obtained by 
Pranion are in agreement with the findings reported here. 

It is also of interest in connection with this study to call attention to Eddy’s 4 
report of a simple procedure for detecting cross reactions in diagnostic anti- 
pneumococcic serum. 
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Acetanilid: A Critical Bibliographic Review. By Martin Gross, M.D., Research Assistant 
(Assistant Professor), Laboratory of Applied Physiology, Yale University; with an in- 
troduction by Howard TT. Haggard, M.D., Director, Laboratory of Applied Physiology, 
Yale University. Hillliouse Press, Yew Haven, 1946. Price $3.00. Cloth with 155 pages. 


The content of 763 articles and textbook descriptions concerning acetanilid, a drug 
which is an active ingredient of many proprietary analgesic preparations, has been critically 
reviewed and presented in monograph form by Dr. Martin Gross. Support for this extensive 
bibliographic research came from the Institute for the Study of Analgesic and Sedative Drugs, 
which in turn derives its funds from contributions from the manufacturers of analgesic and 
sedative drugs. This is the first of a series of similar monographs soon to be published dealing 
with salicylates, phenacetin, bromides, and antipyrine. 

The author has reviewed the widely scattered literature describing the first preparation 
of acetanilid in 1S52 by Gerhart, the discovery of its antipyretic and analgesic properties by 
Cahn and Hepp in 1SSC, the ensuing years of its extensive exploitation for reducing fevers and 
the later development of therapeutic applications of its analgesic properties, the pharmacologic 
investigations of its mode of action and pathway of metabolic alteration in the body, and 
finally the beginning of search by David Lester (1943-1944) and others for the answers to 
problems described in the review. This summary serves, as Dr. Howard Haggard mentions in 
the foreword of the book, "to indicate the needs for more definite work on unestablished 
points and will lead to the avoidance of much unnecessary duplication of studies already 
made." Dr. Gross has included eight figures and twenty-four tables, many of which represent 
his own organization or graphic presentation of comparative data from the original sources. 

The author’s mode of handling controversial subjects is best exemplified by his treatment 
of the problem of the intermediary metabolism of the drug, a problem which he discusses in 
the light of twelve series of studies. Many widely quoted statements were found to be based 
°n speculation. Concrete evidence was found available in the form of actual compounds 
identified and fragmentary evidence from studies of hypothetical substances forming methemo- 
globin. 


In the chapter on pharmacology and toxicology, the mechanisms of and the factors af- 
fecting the formation of methemoglobin and of sulfhemoglobin are extensively discussed. It is 
made apparent that therapeutic doses of acetanilid produce little alteration of body functions 
other than those involved in analgesia and antipyresis. Many studies have been made with 
doses in the toxic range, and from these there has emerged no description of any characteristic 
effect, except for the appearance of cyanosis due to the formation of methemoglobin and 
sulfhemoglobin. 

Despite many attempts several problems concerning acetanilid have been answered un- 
satisfactorily. Two problems are outstanding. Ho one has, as yet, adequately explained the 
mechanism by which it relieves pain, nor has the metabolic alteration of the drug been satis- 
factorily and definitely established. 

Hearlv one-lialf of the monograph is devoted to a resume of 277 cases of acetanilid 
poisoning which have appeared in the literature. One-half of these cases occurred during 
the first ten years of its therapeutic use, a period of very extensive, often ill-directed and 
poorly controlled, clinical trial. At that time the drug was used mainly as an antipyretic and 
to a lesser extent as a local antiseptic dusting powder for abraded wounds and burns. In the 
last eighteen years, twenty-eight of twenty-nine eases of toxicity have resulted from the re- 
peated and often prolonged administration of the drug. The only very characteristic sign of 
toxicity is cyanosis. 

l'or those interested in the pharmacology and toxicology of analgesic drugs, this mono- 
graph will be a very useful guide and source of information. 
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Early Ambulation and Belated Procedures in Surgical Management. By Daniel J. Leith- 
auser, M.D., F.A.C.S., Chief of Surgery, St. Joseph Mercy Hospital, Detroit, Mich, 
Charles C Thomas, Publisher, Springfield, 111., 3!)IG. Price .$1.50, Cloth with 221 pages. 


In this small monograph the history of carl} - ambulation after operation is tlioroughly 
but briefly discussed. The physiological justification for its use is carefully outlined, and 
the author’s clinical results are tabulated in detnil. Many photographs are presented 
illustrating the exact method recommended for the first termination of bed rest. The need 
for exercises and the importance of posture while in bed nro also well emphasized and 
discussed. 

By early ambulation the author means that the patient bo made to walk within a 
few hours after operation, if possible, and always within the first twenty-four hours. He 
emphasizes this as a most important feature, particularly in order to avoid pulmonary 
complications and vascular accidents. The results achieved nro described in considerable 
detail and include a great reduction in many postoperative complications and disability, 
a rapid restoration of the patient, and a great shortening in the length of hospital stay. 

Over 2,000 operations in which early ambulation was employed form the basis of the 
author’s clinical study. It should bo noted, however, that the great majority of these 
operations were simple. There were only ten gastrectomies in the entire group. Although 
the period of hospital stay averaged just over two days in the case of appendectomy, 
patients who had had a gastrectomy remained fifteen days. One of the questions always 
raised in regard to early ambulation is the possibility that solid wound healing may be 
impaired thereby, particularly in the case of hernia operations. For this reason the data 
presented by the author on the recurrence rate following herniotomy nro of special interest. 
In 235 patients operated upon, twelve, or 5.1 per cent, wero found to have recurred “inso- 
far as it can be determined by careful follow-up.” This is not a high but still a sub- 
stantial percentage. Yet it is not clear whether all of the patients operated upon were 
actually followed up. If not, obviously the twelve recurrences would add up to a much 
higher recurrence rate. The author has made a number of interesting technical observa- 
tions, one of them of the effect of nylon sutures which he used in 100 patients; he found 
that in five of them difficulties followed, requiring removal of the sutures. 

The monograph is well written and will prove of great interest to surgeons and 
others who have had no experience with early ambulation. It is no adverse criticism to 
state that the author is an enthusiast on the subject; indeed, enthusiasm is often needed 
to break down unjustified traditional resistance to change. On the other hand, it should 
be mentioned that the problem of postoperative care involves many factors other than 
the posture and movement of the patient. 'While a few of the related features have been 
discussed, the author did not sufficiently emphasize the obvious fact that early ambulation 
alone is not necessarily synonymous with a smooth postoperative convalescence. More- 
over, there are certain contraindications to early rising after operation which are men- 
tioned but insufficiently explained in merely thirteen lines of text. A lesser criticism 
might be the use of the term “laparotomy syndrome,” inasmuch as laparotomy actually 
means an incision into the side of the patient. A more accurate term would have been 
celiotomy, but obviously this wo old not include such operations as herniotomy, thyroidec- 
tomy, and mastectomy. 

The advantages of early termination of bed rest after operation have been repeatedly 
empliasized ever since they were first pointed out nearly fifty years ago, yet it is still not 
a universally applied principle in postoperative care. Surgeons, by clinging to past prac- 
tices, frequently fail to achieve the maximum in efficient surgical convalescence. The 
present monograph should serve to challenge tradition and stimulate further interest in 
the subject, not only in surgical disease but in the therapy of any condition involving 


bed rest. 


Robert Elman, M.D. 



ANAPHYLACTIC SHOCK IN EGG-SENSITIVE INDIVIDUALS 
FOLLOWING VACCINATION "WITH TYPHUS VACCINE 


A Study op the Antigenic Relationship of Egg and 
Chicken ]\Ieat Antigens and Typhus Vaccine 

Stanley F. Hampton, M.D.* 

St. Louis, Mo. 

QlNCE the fall of 1942, typhus vaccine prepared on chick eg g yolk sacs has 
been used rather extensively in Army personnel as an immunizing agent 
against epidemic typhus fever. 

Sultzberger and Asher, 1 in 1942, reported three cases suggesting ser um 
sickness syndrome including urticaria following vaccination with yellow fever 
vaccine, a chick embryo preparation. Swartz 2 reported a ease of severe con- 
stitutional reaction manifested by urticaria, asthma, and collapse, immediately 
following an injection of yellow fever vaccine. The serum of this patient was 
positive in passive transfer to multiple allergens, including egg white and 
chicken meat as well as the typhus vaccine. Seim an 2 reported < a case of eosino- 
pliilia of 78 per cent in the cerebrospinal fluid attributed to typhus vaccine given 
six days previously. Roth 1 reported nine cases of various allergic manifesta- 
tions, including urticaria, asthma, and gastrointestinal symptoms developing 
immediately following an injection of typhus vaccine. One of these nine case 
reports cited is typical of anaphylactic shock and is quite similar to the cases 
reported in this paper. Raynolds 5 emphasized the value of obtaining a history 
o egg sensitivity in all candidates for chick embryo vaccine inoculations. 

' Pra f*. e and Barnard 6 reported two cases of immediate constitutional reaction's, 
one following an injection of yellow fever vaccine and the other following an 
injection of typhus vaccine. 

Pbtz Coulson and Stevens, and Stull (joint investigation) 7 by extensive 
oomplete studies showed that vaccines prepared from embryonic tiss ues 
eve oping chicks were allergenic and anaphvlactogenic. Plotz 7 found that 

If SUbjeCtS injeeted with typhus vaccine became skin sensitive by 
est with the vaccine and/or extracts of egg white and egg yolk containing 

Dak f 1 r i ogei \ pc1 ' cublc centime ter. Coulson and Stevens, 7 using the Schultz- 
f f , ?? ’ S 1(nved tbat typhus and encephalomyelitis vaccines were capable 
of w y SCnSltlZmg and that the principal antigenic constituents 

Ttet , 7T T te ''"I* antigens o£ egg white end egg yolk 

„, 0 “ ‘'"l ' 4 b - v precipitin tests, that 12 pet cent o£ the protein nitro- 

S_n_ot tj-phus vaccine was attributed to crystallizable ovalbumin and concluded 

San Antonlo^Texas!^’ Departm e nt , Army Air Forces Regional and Convalescent Hospital, 

to ino|laflon yvni^timhu^v^cX 11 ^. AUer|j- h ?-f. ITmV 6356 ° f aponeurotic edema due 
Received for publication. Nov. 21. 1946 
Formerly Lieutenant Colonel. Medical Corps. Army of the United States 
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from this that antigens of egg ivhitc, other than ovalbumin, were largely . 
responsible for -the sensitizing potency of the vaccine. Stull, 7 using cross- 
neutralization experiments in passive transfer of egg-sensitive sera, showed the 
presence of egg white and egg yolk antigens in typhus vaccine in such quan- 
tities and specificity that typhus vaccine might produce dangerous systemic 
reactions in egg-sensitive individuals. 

Since July, 1944, the immunization routine with ty^phus vaccine has been 
two injections of 1 c.c. each at an interval of seven to ten days. A total of 
16,S3S injections of typhus vaccine were administered to 8,419 military per- 
sonnel at this post between Aug. 1, 1944, and Aug. 1, 1945. One anaphylactic 
reaction occurred in this group. The present article is a report of this case 
and an additional similar case admitted to this hospital from another Army 
post, following such a reaction and a study of the antigen-antibody relationship 
by means of neutralization in passive transfer tests (Prausnitz-Kiistner reaction) 
of the sera of the two patients. 

CASE REPORTS 

Case 1. — T. G., a 20-year-old soldier with a negative family liistory of nllorgic disease, 
gave a history of nausea and vomiting from ingestion of egg nnd chicken since infancy, the 
symptoms lasting thirty to sixty minutes. There was no history of diarrhea, urticaria, asthma, 
or rhinitis. 

In December, 1944, this individual was given initial subcutaneous injections of typhus 
(1 c.c.) and cholera vaccines (0.5 c.c.) at another Army post. Within five minutes, he became 
extremely dyspnoic and cyanotic nnd collapsed (fifteen minutes after the injection). The 
pulse was not perceptible and the heart sounds could not bo heard. Epinephrine was ad- 
ministered at intervals of a few minutes for a total dosage of 1.5 cubic centimeters. Amino- 
phyllin was administered intravenously and oxygen inhalation was given continuously for 


Table I. Passive Transfer Tests With Serum of Patient (T. G., Case 1) Wno Developed 
Anaphylactic Shock Following Subcutaneous Injection of 1 c.c. of Tvrnus Vaccine; 
• ' Serum Sites Prepared WiTn 0.1 c.c. of Serum and Tested 48 Hours Later 


SERUM DILUTIONS 

TEST ANTIGEN 

STRENGTH 
(PNU PER C.C.) 

REACTION 

Cone. 

Typhus vaccine 

100 

++++ 

1:10 

Typhus vaccine 

100 

+++ 

1:100 

Typhus vaccine 

100 

++ 

1:1000 

Typhus vaccine 

100 

+ 

1:10,000 

Typhus vaccine 

100 

0 

1:100,000 

Typhus vaccine 

100 

0 

Cone. 

Egg white 

100 

+++ + 

1:10 

Egg white 

100 

+++ 

1:100 

Egg white 

100 

++ 

1:1000 

Egg white 

100 

+ 

1:10,000 

Egg white 

100 

0 

1:100,000 

Egg white 

100 

0 

Cone. 

Egg yolk 

100 

+++ 

1:10 

Egg yolk 

100 

+++ 

1:100 

Egg v 0 lk 

100 

++ 

1:1000 

Egg yolk 

100 

1 + 

1:10,000 

Egg yolk 

100 

0 

1:100,000 

Egg yolk 

100 

0 

Cone. 

Cliicken meat 

100 

+++ 

1:10 

Chicken meat 

100 

■t++ 

1:100 

Chicken meat 

100 

++ 

1:1000 

Chicken meat 

100 

+ 

1 1:10,000 

Chicken meat 

100 

0 

1:1,000,000 

Chicken meat 

100 

0 


x 
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tyvksttr (Serum of P attest T. G.)~ 

Table H. Neutralization- ExrEr.iMr.sTs Tested 4S Hours Later 

Serum-Antigen Mixture Sites (0.1 •• ) _ ' 0F e g0 White, Egg Tolk, 

\Yrc« 0-023 c.c. Typhus foJpXV Per c.c.; All Tests 

asd Chicken Meat ^^oqkRfcipiest at Same Time 

Carried Out is Same skis mec» 


SERUM-ANTIGEN 
MIXTURES 


STRESGTII 

(rsu PER C.C.) 


SeronTDlO and egg 
white 


Seram 1 :10 and egg yolk 


Seram 1:10 and chicken 
meat 


Seram 1:10 and typhus 
vaccine 


100 
1,000 
100 
1,000 
100 
1,000 
100 
1,000 

100 

1,000 

100 

1,000 

100 

1,000 

100 

1,000 

100 

1,000 

100 

1,000 

100 

1,000 

100 

i,tioo 

100 

1,000 

100 

1,000 

100 

1,000 

100 

1,000 


Seram 1:10 and saline 


test astiges 
(rsu per C.C.) 
“Typhus vaccine 
Typhus vaccine 
Egg white 
Egg white 
Egg yolk 
Egg yolk 
(Thicken meat 
Chicken meat 

■ Typhus vaccine 
Typhus vaccine 
Egg white 
Egg white 
Egg yolk 
Eg g yolk 
Chicken meat 
Chicken meat 

Typhus vaccine 
Typhus vaccine 
Egg white 
Egg white 
Egg yolk 
Egg yolk 
Chicken meat 
Chicken meat 

Typhus vaccine 
Typhus vaccine 
Egg white 
Egg white 
Egg yolk 
Egg yolk 

Chicken meat 
Chicken meat 

Typhus vaccine 
Egg white 
Egg yolk 
Chicken meat 


reaction 


+ + 

+- 
0 
0 
•V 4* 

++ 

0 

0 

+++ 

+ + 

+ + i 
+ + 

+ 

0 

+ 

0 

+++ 

+++ 

+++ 

+++ 

++ 

-V 

+ 

0 

0 

0 

++ 

+- 

0 

0 

0 

0 

.f *f -f 
+++ 
++ 
+-f 


two days. Twenty-four hours after the onset, generalized urticaria f or 

and signs subsided forty-eight hours later. The patient was admi ° s 

^^'intradermal skin tests showed marked reactions (pseudopodia) with extracts of egg 
white, egg yolk, and chickeu meat containing 100 PNIT* per cubic cen eer 
vaccine dilated one thousand times. Tests with egg white extracts in strengths o 
PNTT per cubic centimeter showed slight and moderate reactions, respective y, wi on p. 
podia. Skin tests with extracts of thirty-five other common pollens, inhalants, an oo s w 
negative. Skin tests with cholera vaccine in a 1:10 dilution was negative (lmm ia e an 

delayed). , 

Pnssivo transfer studies showed this patient's serum to be positive to e. rac s o egg 
white, egg yolk, chickeu meat, and typhus vaccine even in 1:1000 dilution of the sera (Table 
1). Cross neutralization tests, using the passive transfer technique with egg an c * en 
antigens, are shown in Table U. 

•PNU, Protein nitrogen unit, 0.00001 mg. of phosphotungstjc acid precipltable nitrogen. 
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Case 2. — C. J., a 23-year-old soldier with a negative family history of allergic disease, 
gave a lifelong liistory of abdominal cramps, nausea, and vomiting fivo to ten minutes after 
ingestion of egg, including food containing small quantities of egg, such as pastries, custards, 
and mayonnaise. During tho past five years, he lias had wheezing and dyspnea occasionally 
associated with the gastrointestinal symptoms following ingestion of egg. Ho could eat 
chicken with impunity. 

In May, 1945, ten minutes after receiving subcutaneous injections of typhus (1 c.c.) 
and cholera (0.5 c.c.) vaccines, the patient developed a generalized tingling sensation, nausea, 
vomiting, and dyspnea, and collapsed in fifteen minutes. Generalized urticaria and edema 
of lips, eyelids, hands, and feet ensued. Tho radial pulse was not perceptible and tho heart 
sounds were rapid and only faintly- heard. Tho blood pressure was 70 to 100 systolic over 

0 to 60 diastolic, the skin was cold, and the patient was in obvious shock. There were no 
auscultatory asthmatic signs. 

Epinephrine (0.5 c.c.) was administered immediately and the patient was wrapped in 
blankets. Hot water bottles were applied. Five hundred cubic centimeters of blood plasma, 
containing 0.5 c.c. of epinephrine, were given intravenously and this was repeated. The 
patient’s skin became warm and the severe shock subsided after 250 c.c. of plasma were ad- 
ministered, but tho blood pressure remained low and nausea, vomiting, and abdominal pain 
continued for eighteen hours. Tho urticaria lasted two days. 

A written description of this patient’s experience is as follows: “I received an in- 
jection of typhus and cholera at the immunization unit on this post at 1400. After approxi- 
mately ten minutes, I began to have a choking sensation in my throat and a definite wheezing 
in my chest. There was a tingling, stinging sensation around the hairline of my head, hands, 
and feet. My first thought was that I was overheated from tho Bun. After reaching a shady 
place, tho reaction was no different except that I knew I was getting worse. My feet stung 
so badly I couldn’t stand on them. I couldn’t get my breath. I could feel my face and hands 
begin to swell. I ran to the nearest dispensary which wns nbout two and one-half bloclcs away. 

1 was having terrific abdominal cramps. I vomited three times as they put me on a stretcher 
and brought me to the observation ward of tho hospital in an ambulance. I had to sit up to 


Table III. Passive Transfer Tests With Serum of Patient (C. J,, Case 2) WHO De- 
veloped Anaphylactic Shock Following Subcutaneous Injection of 1 c.c. of Tyi*hus 
Vaccine; Serum Sites Prepared With 0.1 c.c. of Serum and Tested 48 nouus Later 


SERUM DILUTIONS 

test antigen 

STRENGTH 
(rNU PER C.C.) 

reaction 

Cone. 

Typhus vaccine 

100 

++ + 

1:10 

Typhus vaccine 

100 

++ + 

1:100 

Typhus vaccine 

100 

+ + 

1:1000 

Typhus vaccine 

100 

0 

1:10,000 

Typhus vaccine 

100 

0 

1:100,000 

Typhus vaccine 

100 

0 

Cone. 

Egg white 

100 

*f 4"f 

1:10 

Egg white 

100 

++ + 

1:100 

Egg white 

100 

++ 

1:1000 

Egg white 

100 

0 

1:10,000 

Egg white 

100 

0 

1:100,000 

Egg wiiite 

100 

0 

Cone. 

Egg yolk 

100 

+++ 

1:10 

' Egg yolk 

100 

4* + 

1:100 

Egg yolk 

100 

++ 

1:1000 

Egg yolk 

100 

0 

1:10,000 

Egg yolk 

100 

0 

1:100,000 

Egg yolk 

100 

0 

Cone. 

Chicken meat 

100 

+ + 4- 

1:10 

Chicken meat 

100 

++ 

1:100 

Chicken meat 

100 

+ + 

1:1000 

Chicken meat 

100 

0 

1:10,000 

Chicken meat 

100 

0 

1:100,000 

Chicken meat 

100 

0 
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Table IV. Neutralization Experiments in Passive Transfer (Serum of Patient C. X)— 
Serum-Antigen Mixture Sites (0.1 c.c.) Prepared and Tested 4 S ; Hours Later 
With 0.025 c.c. Typhus Vaccine and Extracts of Ego White, Egg Yolk, 
and Chicken Meat Containing 100 PNU Per c.c.; All Tests 
Carried Out in Same Skin Recipient at Same Time 


serum-antigen 

mixtures 

STRENGTH 
(PNU PER C.C.) 

TEST ANTIGEN 
(PNU PER C.C.) 

REACTION 

Serum 1:10 and egg 

10 

Typhus -vaccine 

++ 

ivhite 

100 

Typhus vaccine 

4 — 


1,000 

Typhus vaccine 

0 


10 

Egg white 

H — 


100 

Egg white 

0 


1,000 

Egg white 

0 


10 

Egg yolk 

+ 


100 

Egg yolk 

+- 


1,000 

- E g8 yolk 

0 


10 

Chicken meat 

+ 


100 

Chicken meat 

0 


1,000 

Chicken meat 

0 

Serum 1:10 and egg 

10 

Typhus vaccine 

+ 4- 

yolk 

100 

Typhus vaccine 

+ 


1,000 

Typhus vaccine 

4-- 


10 

Egg white 

AA 


100 

Egg white 

4- 


1,000 

Egg white 

4 


10 

Egg yolk 

+ 


100 

Egg yolk 

0 


1,000 

Egg yolk 

0 


10 

Chicken meat 



100 

Chicken meat 

4 


1,000 

Chicken meat 

0 

Serum 1:10 and 

10 

Typhus vaccine 

4. J- 

chicken meat 

100 

Typhus vaccine 

4-4- 


1,000 

Typhus vaccine 

4- 


10 

Egg white 

-A 


100 

Egg white 

4-- 


1,000 

Egg white 

0 


10 

Egg yolk 

X 


100 

Egg yolk 

6 


1,000 

Egg yolk 

0 


10 

Chicken meat 

+ 


100 

Chicken meat 

0 


1,000 

Chicken meat 

0 

Serum 1:10 and typhus 

10 

Typhus vaccine 

-f- 

vaccine 

100 

Typhus vaccine 

0 


1,000 

Typhus vaccine 

0 


10 

Egg white 

4-4- 


100 

Egg white 

4- 


1,000 

Egg white 

0 


10 

Egg yolk 

4— 


100 

Egg yolk 

0 


1,000 

Egg yolk 

0 


10 

Chicken meat 

4 


100 

Chicken meat 

0 


1,000 

Chicken meat 

0 

Scrum 1:10 and saline 


Typhus vaccine 

+ 4-4- 



Egg white 

+ + + 



Egg yolk 

+ + 



Chicken meat 

+ + 
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get my breath, I fought an oxygen mask. I vomited time after time. My face, hands, and 
feet became swollen and my feet ached. I was still having a lot of trouble with breathing.” 

Intradermal skin tests showed marked reactions (pseudopodia) with extracts of egg 
white, egg yolk, and chicken meat containing 100 PNU per cubic centimeter and typhus 
vaccine diluted one hundred times. Skin tests with extracts of thirty-fivo common pollens, 
inhalants, and foods, in strength of 10,000 PNU per cubic ccntimotcr, wero negative. Skin 
test with cholera vaccine in 1:10 dilution was negative (immediate and delayed reactions). 

Passive transfer studies showed this patient’s serum to bo positivo to extracts of egg 
white, egg yolk, chicken meat, and typhus vaccine in 1:100 dilutions of the serum (Table III). 
Cross neutralization tests, using the passive transfer technique with extracts of egg white, egg 
yolk, chicken meat, and typhus vaccine, are shown in Table IV. 

NEUTRALIZATION EXPERIMENTS IN PASSIVE TRANSFER 

Neutralization tests in passive transfer were carried out with the sera 
of the two patients (Cases T. G. and C. J.) presented. Dilutions of 1:10 of 
each serum were prepared with normal saline. The diluted sera were mixed 
with equal quantities of typhus vaccine and extracts of egg white, egg yolk, 
and chicken meat in varying strengths. Skin sites were prepared with 0.1 c.e. 
of each mixture in a recipient reacting negatively to test with the most concen- 
trated form of each material used. The serum-antigen mixture skin sites 
were tested forty-eight hours later with typhus vaccine and with extracts of 
egg white, egg yolk, and chicken meat containing 100 PNU per cubic centimeter 
(Tables II and IV) . 

The serum of one patient (T. G. Case 1) was significantly neutralized to 
test with typhus vaccine by extracts of egg white, only negatively by extracts 
of egg yolk and not at all by extract of chicken meat in the strength of ex- 
tracts used. Typhus vaccine, on the other hand, neutralized completely to test 
with extracts of egg yolk and chicken meat but only partially to the extract of 
egg white. Egg white and egg yolk neutralized to test with each other only 
negligibly. Egg white and egg yolk completely neutralized to test with 
chicken meat, although it required a strength of 1 ,000 PNU per cubic centimeter 
in the case of egg yolk. Chicken meat failed to neutralize significantly to test 
with either egg white or egg yolk (Table II). The experiment -with serum 
of this patient was repeated using another skin recipient, and essentially the 
same results were obtained. 

The serum of another patient (C. J., Case 2) was significantly neutralized 
by the respective antigens similarly as in the case of serum of patient T. G., 
except that less concentration of antigens was needed to neutralize the serum 
(Table IV). In addition, egg yolk and chicken meat, although failing to neu- 
^ tralize completely to test with typhus vaccine, did show definite neutralizing 
qualities, more so than in the experiments with serum of patient T. G. A 
greater tendency toward cross neutralization by the egg white, egg yolk, and 
chicken meat was noted with serum of patient C. J. than with that of patient 
T. G. (Tables II and IV). The experiment with serum of patient C. J. was 
repeated twice, using different skin recipients, and essentially the same results 
were obtained. 

The fact that each antigen neutralized to test with itself indicated that 
the strength of extracts used in the experiments were in proper range. 
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EXHAUSTION NEUTRALIZATION TESTS IN PASSIVE TRANSFER 

At the time the two sera were retested in determining the quantity of 
skin-sensitizing antibody contained therein (the dilution at which the serum no 
longer reacted in passive transfer), serum sites were prepared with 1:100 and 
1:1000 dilutions of each serum. It was confirmed that serum of patient T. G. 
was positive in the 1:1000 dilutions, whereas, serum of patient C. J. was 
positive in the 1 :100 but negative in the 1 -.1000 dilutions when tested with egg 
white, egg yolk, chicken meat, and typhus vaccine. 

These prepared serum sites were retested at one- or two-day intervals with 
the original testing antigen until no reaction occurred. The sites were then 


Table V. Exhaustion Neutralization Tests in Passive Transfer (Serum of Patient 
T. G.)— Skin Sites Prepared With 0.1 c.c. Serum; All Tests Made 
With Extract Containing 100 PNU Per c.c. 


10/11/45 

10/12/45 j 

10/13/45 j 

j 10/15/45 I 

I 10/16/45 

SERUM 





TEST 


TEST 


DILUTIONS 





ANTIGEN 

REACTION" 

ANTIGEN 

REACTION 

1:100 

Chicken 

-L 4. 

Chicken 

-f — 

Chicken 

0 


-r 


meat 


meat 


meat 


vaccine 

1:1000 

Chicken 

+ 

Chicken 

0 

Chicken 

0 

Typhus 

0 


meat 


meat 


meat 


vaccine 

1:100 

Egg 

+ + 

Egg 

0 

Typhus 

J — 




white 


white 


vaccine 



1:1000 

Egg 

+ 

Egg 

0 

Typhus 

0 




white 


white 


vaccine 



1:100 

Egg yolk 

-r-f 

Egg yolk + 

Egg yolk 0 

Typhus 

+ 

1:1000 

Egg yolk + 

Egg yolk +- 

Egg yolk 0 

vaccine 

Typhus 0 








vaccine 

1:100 

Typhus 

-M- 

Tvphns 

+ 

Typhus 

0 

Egg 

X 


-vaccine 

vaccine 

vaccine 

white 


1:1000 

Typhus 

X 

Typhus 

0 

Typhus 

0 

Egg 

0 


vaccine 

vaccine 

vaccine 

white 



Table VI. Exhaustion Neutralization Tests in Passive Transfer (Serum of Patient 
C. J.) — Skin Sites Prepared With 0.1 c.c. Serum; All Tests Made 
With Extract Containing 100 PNU Pep. c.c. 



1 10/12/45 ; 

| 10/13/45 1 

10/15/45 i 

1 • 10/16/45 

SERUM | 

dilutions 










1:100 

Chicken 

+ 

Chicken + - 

Chicken 

0 

Typhus 

vaccine 

1:1000 

meat 


meat 

meat 


Chicken 

0 

Chicken 0 

Chicken 

0 

Typhus 

vaccine 


meat 


meat 

meat 


1:100 

1:1000 

Egg 

white 

Egg 

white 

+ + 

0 

Egg +- 

white 

Egg 0 

white 

Egg 

white 

Egg 

white 

0 

0 

Typhus 

vaccine 

Typhus 

vaccine 

1:100 

Egg yolk 

++ 

Egg yolk +- 

Egg yolk 

0 

Typhus 







vaccine 

1:1000 

Egg yolk 

' 0 

Egg yolk 0 

Egg yolk 

0 

Typhus 

1:100 

1:1000 

Typhus 

vaccine 

Typhus 

vaccine 

+ 4- 

0 

Typhus -f 

vaccine 

Typhus 0 

vaccine 

Typhus 

vaccine 

Typhus 

vaccine 

0 

0 

vaccine 
Egg yolk 

Egg yolk 
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tested with typhus vaccine. Extracts of egg white and egg yolk were used 
when typhus vaccine was the original testing antigen. 

In the case of serum of patient T. 6., typhus vaccine induced a slightly 
positive reaction after the 1:100 dilution serum sites were exhausted with 
chicken meat and egg yolk extracts (100 PNU per cubic centimeter), respec- 
tively, but failed to do so in the 1 :1000 dilution sites. The typhus vaccine 
reaction was questionable in the 1:100 dilution site exhausted by egg white, 
A slight reaction was induced by egg white in the 1 :100 dilution site exhausted 
by typhus vaccine (Table V). 

In the case of serum of patient C. J., typhus vaccine induced a questionable 
reaction after the 1:100 dilution serum site was exhausted with egg white 
extract (100 PNU per cubic centimeter). The remaining reactions were nega- 
tive as shown in Table VI. 

PRECIPITIN TESTS 

Precipitin ring tests were carried out with the concentrated sera (Patients 
T. G. and C. J.) and serial dilutions of typhus vaccine from 1:2 to 1:512. 
No precipitins were demonstrable. 

COMMENT 

The case reports of anaphylactic shock following parenteral injections of 
typhus vaccine prepared on chick embryo yolk sacs presented and the demon- 
stration of positive skin tests and skin sensitizing antibodies in the serum of 
these patients to typhus vaccine indicate that typhus vaccine may be antigenic 
and dangerous when injected into hypersensitive individuals. 

The demonstration of positive skin tests to and skin-sensitizing antibodies 
in the sera of typhus vaccine-sensitive patients to egg white, egg yolk, and 
chicken meat suggests a close antigenic relationship between typhus vaccine 
and these antigens. 

The cross neutralization experiments described with typhus vaccine by egg 
white, egg yolk, and chicken meat antigens in passive transfer studies strongly 
indicate the active antigenic factors in typhus vaccine to be egg white, egg yolk, 
and chicken meat ; the egg white is probably the most important, and the latter 
two, respectively, are less important. This confirms the work of Stull. 7 

The exhaustion neutralization experiments further indicate that the 
principle antigenic factors in typhus vaccine are those of egg white, egg yolk, 
and chicken meat but that there may be an additional one unrelated to these 
antigens. If the latter is true, such antigen is probably present in minute 
quantity since the reactions obtained with typhus vaccine in serum sites ex- 
hausted by egg and chicken antigens were of small magnitude. 

It is suggested that all candidates for injections of typhus vaccine or 
other chick embryo vaccines be thoroughly questioned before such injections 
are administered and that all probable egg sensitive individuals be skin tested 
intradermally with approximately 0.02 e.c. of typhus vaccine diluted with 
normal saline to 1 :100 and, if indicated, 1 :10 dilution before vaccination is 
instituted. 
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It is recommended that individuals showing positive skin reactions to 
typhus vaccine and other similar chick embryo vaccines be exempt from vac- 
cination with these materials. _ * 

Whereas minor reactions not coming to the attention of the medical 
personnel may have occurred, the fact that only one anaphylactic reaction 
occurred in 8,419 individuals receiving typhus vaccine, coupled with the tact 
that egg sensitivity has been considered one of the most common of all food 
sensitivities, suggests a low incidence of food allergy in military personne , 
as previously reported. 8 

SUMMARY 

1. Two cases of anaphylactic shock following parenteral injections of 
typhus vaccine prepared from chick embryos infected with epidemic typhus 
rickettsia are reported. 

2. Intradermal skin tests, passive transfer tests, and neutralization experi- 
ments with serum from the two cases presented indicated a likely antigenic 
identity of typhus vaccine and the egg and chicken meat antigens contained 
therein. 

3. It is recommended that all candidates for typhus vaccine injections or 
other similar chick embryo vaccines be questioned for possible egg sensitivity 
and that all probable egg-sensitive individuals be skin tested with typhus 
vaccine prior to parenteral administration thereof. A suggested initial testing 
strength is a 1:100 dilution of the vaccine using approximately 1/50 c.c. 
volume. These precautionary measures have been advised by the War Depart- 
ment TB MED 114, Nov. 9, 1944. 

4. Since influenza virus vaccine (types a and b) is prepared from infected 
chick embryos, it is suggested that the same precautions be taken with this 
vaccine. 

Acknowledgment is made of the valuable assistance of Sergeant Jack Ladwig, Sergeant 
tValter Goodey, and Corporal David Mitzkus. , 
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THE RELATIONSHIP OP GASTRIC ACIDITY TO THIAMINE 
EXCRETION IN THE AGED 


Henry A. Ratsky, M.D., F.A.C.P., Bernard Newman, Ch.E., M.S., and 
Norman Jolliffe, M.D., F.A.C.P. 

New York, N. Y. 

I N A study of the gastric secretory response in the aged, it was shown* that 
while hyperchlorhydria was not infrequently found the majority of the sub- 
jects had 19 degrees or less of free hydrochloric acid in the gastric juice. 1 In 
previous articles 1 ' 4 it was also demonstrated that there is a tendency to avita- 
minosis in the aged. Jolliffe 5 suggested that the failure of some elderly people 
to absorb thiamine may be due to the achlorhydria so frequently encountered in 
this age group. 

The relationship between gastric acidity and seex'etion and thiamine has been 
extensively studied. Notwithstanding the numerous references on this subject, 
however, a difference of opinion still exists as to the effect of thiamine deficiency 
upon the gastric aeidity and secretion. As a result of the work of Cowgill and 
Gilman on dogs,® the prevailing opinion has been that thiamine deficiency sup- 
presses the gastric secretion. Joffe and Jolliffe, in 1937, postulated the pres- 
ence of an aclilorliydria-preventive factor in the vitamin B complex, which was 
not identical with either vitamin B, or the antipellagra factor. 7 Danysz-Michel 
and Koskonski 8 found a decrease in volume, acidity, and peptic activity of the 
gastric secretion elicited by histamine in a study of pigeons kept on a diet of 
polished rice. Gildea and associates® were unable to find arty change in the 
acidity or the pepsin concentration of the gastric secretion evoked by histamine 
in dogs kept on Cowgill’s Casein III diet. Shay and co-workers 10 recently re* 
ported their results of the effect of thiamine chloride depletion upon the spon- 
taneous gastric secretion in rats. They -found that after an acute severe thi- ' 
amine depletion the volume of spontaneous gastric secretion was much greater 
than in their corresponding controls, while the acidity and peptic power re- 
mained normal. Elsom 11 kept two human beings on a diet deficient in thiamine; 
he found that the gastric acidity was normal after an oatmeal gruel meal in one 
subject and that a normal gastric secretory response to histamine was obtained 
in the other. Williams and associates 12 reported a low level or an absence of 
acidity in four young women maintained on a low thiamine diet. 

In view of the differences of opinions as to the effects of thiamine deficiency 
upon the gastric acidity and secretion and in view of the tendency of aged in- 
dividuals toward a decreased gastric aeidity, as well as the prevalence of 
avitaminoses in elderly subjects, it was thought of interest to study the rela- 
tionship between the thiamine levels and the gastric acidity in a group of ap- 
parently normal individuals 65 yea re of age and over. 

From the Home and Hospital of the Daughters of Jacob, New York, N. Y. 
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EXPERIMENTAL PROCEDURE 

This study is based on a series of thirty-one persons whose ages ranged from 
65 to 81- years. Fourteen were men and seventeen were women. All were ap- 
parently normal individuals who were ambulatory and who were fed the routine 
institutional diet which was adequate in thiamine content. A chemical analysis 
showed that t his diet contained per day from 0.51 to 1.11 mg. of thiamine, 0.97 to 
1.78 mg. of riboflavin, 16.0 to 117 mg. of ascorbic acid, 2.5 to 10.0 mg. of iron, 
6.9 to 13.1 mg. of nicotinic acid, 1,500 to 11,S00 U. S. P. units of carotene, and 
from 1,300 to 5,500 U. S: P. units of vitamin A* The results of the analyses of 
six separate twenty-four hour periods may be seen in Table I. The methods 
used' for the vit am in analyses were those of Hennessey and Cerecedo 13 for .the 
thiamine, Rubin and co-workers 14 for the ascorbic acid, the American Associa- 
tion of Cereal Ghemists 163 for the iron, Krehl and associates 165 for the nicotinic 
acid, the Association of Official Agricultural Chemists 17 for the carotene, and 
Dann and Evelyn 1 * for the Vitamin A. 


Table I. Vitamin Assay Pep. Twenty-Four Hour Period 


TWENTY-FOUR | 
HOUR PERIOD 

AIETHOD 

B,13 

m 

Cis 

IP.ONlSa 

NIACINISb 

CARO- 

TENE17 

VITAMIN 

A18 

First 


0.97 

59 

5.6 

11.6 


2,700 

Second 

0.83 

1.33 

16 

10.0 

10.4 

11,400 

1,900 

Third 

1.11 

1.78 

117 

3.7 

13.1 

11,800 

1,900 

Fourth 

0.84 

1.22 

16 

9.0 

6.9 

2,100 

1,300 

Fifth 

0.70 

1.29 

18 

2.5 

8.6 

8,800 

1,300 

Sixth 

0.51 

1.03 

40 

10.9 

10.6 

1,500 

5,500 


Results are expressed In milligrams per day, except carotene and vitamin A which are 
U. S. P. units per day. 


The method of procedure was as follows: Twenty-four hour specimens of 
urine, collected under toluene and stored in the refrigerator, were analyzed for 
their thiamine content. 13 An analysis of the gastric contents with the subject 
in the fasting state, as well as the secretory response after a water and toast 
test meal, was made. These determinations were done fractionally. An attempt 
was made to extend the analyses for one hour, but this was not always feasible in 
elderly subjects. If no free hydrochloric acid was found, the subjects were given 
an injection of histamine hydrochloride in .the dosage of 0.1 mg. per 10 kilo- 
grams of body weight. These determinations were carried out for one hour. 

RESULTS 

In Fig. 1 there are plotted the thiamine chloride levels and the determina- 
tions of the fasting-free hydrochloric acid, and in Fig. 2 are plotted the B a * 
levels when the free hydrochloric acid was at its height. The experimental data 
may be seen in Table II. 

A thiamine excretory level below 50 /ig per day was regarded as sub- 
normal. 10 

Of the thirty-one subjects studied, fourteen, or 45.1 per cent, had low 
hydroch loric acid values. Six had true achlorhydria, that is, no free hydro- 

La R^^nl‘ a NuUc a y. S x; S J. 0f thC d '° tS WCr ° performc<3 b >‘ S. H. Rubin of Herrmann- 
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Table II 


fasting 

HC1 

3 

8 

0 

1 

2 


FASTING MAXIMUM MAXIMUM 

TOTAL HCl TOTAL 

1C 52 ~TL 

14 Not clone 

1 2 11 

6 46 68 

S 20 51 


URINARY 

THIAMINE 

(gO./PAT) 

492 

97 

76 

108 

12 


E.L. 

F 

80 

0 

S.D. 

F 

80 

0 

S. S. 

F 

7S 

50 

L. M. 

F 

65 

0 

A.K. 

U 

74 

0 

A. A. 

M 

76 

0 

M. H. 

F 

75 

0 

L. F. 


78 ' 

0 

S.N. 

M 

71 

0 

J.D. 

M 

78 

4 

D. S. 

M 

78 

11 

L.L. 

F 

79 

0 

B.B. 

F 

73 

0 

I.F. 

F 

81 

5 

J. S. 

M 

71 

0 

S. J. 

M 

77 

40 

L.T. 

M 

SO 

0 

B.D. 

F 

69 

0 

M.A. 

F 

73 

0 

D.L. 

F 

79 

0 


5 

18 

66 

44 

15 

42 

64 

71 

68 

50 

68 

1070 

10 

40 

60 

84 

8 

34 

60 

167 

40 

34 

64 

61 

8 

5 

18 

181 

30 

52 

82 

124 

20 

40 

66 

4 

8 

9S 

108 

106 

26 

6S 

86 

66 

14 

82 

102 

2S 

10 

23 

43 

109 

11 

48 

64 

84 

8 

44 

64 

52 

54 

40 

54 

125 

9 

40 

56 

Not done 

10 

23 

55 

9 

4 

4 

26 

200 

2 

14 

35 

128 


The Following Subjects Had True Achlorhydria : 


R.G. 

F 

76 

0 

13 

0 

28 

36 

K.F. 

F 

70 

0 

10 

0 

13 

330 

F. K. 

F 

70 

0 

18 

0 

IS 

26 

L.H. 

M 

67 

0 . 

8 

0 

25 

115 

B. B. 

F 

80 

0 

13 

0 

13 

108 

A.B. 

F 

73 

0 

8 

0 

8 

98 


chloric acid was obtained after the injection of histamine. Two of the six sub- 
jects had subnormal daily urinary excretions of thiamine, and four had lerels 
ranging from 9S to 330 /xg per day. Nineteen subjects had from 2 to 49 degrees 
of free hydrochloric acid, and ten of these showed abnormally low thiamine ex- 
cretion values. Six of the thirty-one subjects bad 50 degrees or more of free 
hydrochloric acid after a water and toast test meal. Two of these six subjects 
showed subnormal thiamine excretions. One had a free hydrochloric acid of 82 
and a total acidity of 102 degrees, with a thiamine excretory level of 28 pg per 
day, and the other had a free hydrochloric acid of 68 and a total acidity of 86 
degrees, with a daily vitamin B, excretion of 66 micrograms. 

DISCUSSION 

As was stated before, a difference of opinion exists as to whether there is 
any causal relationship between gastric acidity and the thiamine status of an in- 
dividual. This was of especial interest to us in view of the tendency to hypo- 
clilorhydria and avitaminoses in elderly individuals. In this study we found 
both high and low thiamine values in subjects with anacidity, hypochlorhydria, 
and hvperchlorhydria. These findings are illustrated in Fig. 2. Since a low 
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thiamine excretion is compatible with a histamine-fast achlorhydria as well as 
with a hyperchlorhydria, it is questionable whether there is any causal rela- 
tionship between the gastric secretory response and thiamine deficiency in ap- 
parently normal elderly subjects. ' In trying to explain the low thiamine levels 
in the aged, several factors must be taken into account. The most important of 
these are inadequate intake, lack of assimilation or absorption, and improper 
utilization of the amount that has been absorbed. In this study the factor of in- 
adequate intake was ruled out by careful vitamin analysis of the diet. Further- 
more, as will be shown in a subsequent paper 20 the subjects took a sufficient 
amount of food which was determined by careful supervision as well as by 
weighing and measuring their intake. In regard to assimilation or absorption, 
the "conditioned malnutrition states” as described by Jolliffe' were not pres- 
ent. It is our opinion that the tendency to avitaminosis in the aged firises from 
a lack of proper utilization of the amount that has been absorbed. This subject 
is still under investigation and mil be reported in a forthcoming paper. 

In appraising thiamine levels in individuals past the age of 65, another 
possibility must be kept in mind. The so-called normal levels of the various 
vitamins that have appeared in the literature are based on studies on infants, 
children, and j r oung healthy adults. It is possible that these values do not 
apply to the age group that we have been studying. As an example of just 
such an occurrence, a series of studies by Newman and Gitlow 21 ’ 22 may be cited. 
These authors showed that the normal values reported in the literature for as 
basic a physiologic value as red cell, hemoglobin, and -white cell values do not 
seem to be applicable to individuals past the age of 65. It is conceivable that we 
may be dealing with the same type of standards in the case of thiamine. 

SUMMARY AND CONCLUSIONS 

1. Of thirty-one elderly subjects studied, 45.1 per cent had low thiamine 
excretory levels. 

2. The fasting gastric acidity and the secretory response after a test meal 
were determined in all of these subjects. 

3. Both high and low excretory levels of thiamine were found in subjects 
with anacidity, hypochlorhydria, and hyperchlorhydria. 
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THE EVALUATION OF THE VITAMIN C STATUS OF HUMAN SUB- 
JECTS: STUDIES WITH INTRADERMAL DYE DISCOLORATION, 
CAPILLARY FRAGILITY, FASTING PLASMA VITAMIN C 
LEVEL, AND VITAMIN C SATURATION 

Albert H. Holland, Jr., M.D., James C. Canniff, M.D., 
and Maurice Bruger, M.D. 

New York, N. Y. 

T HE recognition of a subclinical scorbutic state lias assumed major importance 
in recent years. Normal or near normal concentrations of vitamin 0 in the 
tissues are necessary for the normal function of the capillary wall, for ade- 
quate wound healing and the repair of fractures, and for the normal metabolism 
of some amino acids. This vitamin, moreover, may play a part in specific enzyme 
systems and detoxification functions relative to sulfanilamide tjqpe compounds. 
Consequently, emphasis has been placed on various laboratory procedures which 
might be utilized to demonstrate vitamin C saturation or unsaturation. 

In 1938 Rotter 1 described an intradermal dye discoloration test. His tech- 
nique was tested extensively by a number of investigators including Portnoy 
and Wilkinson 2 and Suzuki 3 who maintained that a satisfactory correlation 
existed between this procedure and the blood vitamin C level. Beck and 
Krieger 4 found this test to agree with the results obtained by vitamin C satura- 
tion studies. In a recent paper Slobody 5 found that the skin test denoted the 
degree of body saturation with vitamin C. He concluded that the discrepancy 
between plasma ascorbic acid levels and the results of the skin tests could be 
explained by the fact that the blood level at any given time reflected only the 
recent intake of vitamin C. This statement requires further confirmation since 
Slobody showed that the intravenous administration of 200 mg. of vitamin C 
decreased the intradermal skin test time in forty-four of forty-five cases as 
the plasma vitamin C level rose ; this implies a reciprocal relationship between 
the two procedures. Goldsmith and associates 0 concluded that no correlation 
existed between the plasma vitamin C level of fasting subjects and intradermal 
dye discoloration. Wright and MacLenathen 7 observed that the variation in 
the discoloration time using Rotter’s method was too great to establish a nor- 
mal range; moreover, these workers showed that discoloration times varied 
appreciably at different body sites. 

Roberts and co-workers 8 found a close correlation between vitamin C in- 
take and capillary fragility. They concluded that the capillary fragility test 
might be useful in showing relative saturation or unsaturation in given indi- 
viduals or groups. Wright and Ludden® observed that subjects receiving in- 
adequate amounts of vitamin C demonstrated increased capillary fragility 
before the classical signs of scurvy became manifest. Abt and associates 10 
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denied the existence of a significant correlation between plasma vitamin C 
level and petechial formation. It is now generally recognized that several 
clinical conditions other than scurvy (infectious disorders, acidosis, menstru- 
ation, blood dyscrasias, hypertension) as well as some toxic agents (arsphena- 
mine, carbon monoxide) affect the strength of capillaries. 

The fasting plasma vitamin C level has been widely accepted as a reliable 
biochemical index of the state of ascorbic acid nutrition. Farmer, 11 using the 
results of Thysell’s 12 investigations, compiled a table which demonstrated the 
relationship between the dietary intake of vitamin C and the fasting plasma 
vitamin C level. Croft and Snorf 13 studied a group of fifty healthy student 
nurses on a regular hospital diet. The fasting plasma vitamin C values varied 
from 0.60 to 1.12 mg. per cent with an average of 0.81 mg. per cent. These 
figures compared favorably with those of Farmer and Abt 14 and of Portnoy 
and 'Wilkinson. 2 Kruse 15 maintained that no correlation existed between the 
data derived by different methods of vitamin C assay in the same patient. 
He stated that the practice of testing the validity of a procedure by comparing 
its results with blood values was unsound, since blood values shift rapidly and 
fluctuate intermittently while tissue concentrations undergo slow change. 

The vitamin C saturation test has been found to be an excellent index of 
ascorbic acid deficiency. Wright and co-workers 9 ’ 16 ’ 17 and other investigators 18 ' 20 
have reported extensively on the various methods and procedures of vitamin C 
excretion tests. The former group derived a formula in which the one and 
one-half hour and five-hour urinary excretion of vitamin C after the intra- 
venous administration of 1 Gm. was used to calculate the twenty-four hour 
saturation index. This index was shown to be more significant than the five-hour 
excretion value because the index nullified the factor of renal retention. 

The present study was undertaken to correlate several of the more com- 
monly employed procedures used to denote vitamin C .unsaturation. This 
investigation embraces observations on the intradermal dye discoloration test, 
the capillary fragility test, the fasting plasma vitamin G level, and the vita- 
min C saturation test. 

MATERIAL AND METHODS 

Thirtj'-four patients admitted to the general medical service and fourteen normal 
volunteers (interns, nurses, and technicians) comprised the subjects used in this stndy. 
In each case the tests were run consecutively in the morning after an overnight fast. The 
evening meal on the day preceding the studies did not include foods rich in vitamin C. 
The order of testing was as follows: intradermal dye discoloration, capillary fragilitv 
plasma vitamin C level, and the vitamin C saturation test. 

The intradermal dye discoloration test was carried out simultaneously on both arms 
according to the procedure of Slobody.s The average of the two tests was taken as the 
dve discoloration time. The N/300 solution of 2-6 dichlorphenol-indophenol was not pre- 
pared freshly every day but was checked by titration against vitamin C for standardiza- 
tion twice weekly. The standards outlined by Slobodv were employed. Accordingly, a dye 
discoloration time of more than fourteen minutes denoted a definite degree of vitamin C 
unsaturation, from nine to thirteen minutes mil a unsaturation, and less than nine minutes 
a normal concentration of vitamin C in the tissues. 
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Tho capillary fragility tost was performed and interpreted according to tlio procedure 
and standards outlined by Wright and Lilicnfcld.- 1 Less than ten potechiae, in a circle 
2.5 cm. in diameter approximately 1 inch below the crease of tho elbow after fifteen minutes 
of tourniquet pressure halfway between systolic and diastolic blood pressure, are considered 
normal; ten to twenty potechiae were interpreted ns border line, whereas over twenty pctcchiae 
donotod definite evidence of increased capillary fragility. 

Tho plasma vitamin C was determined by tho Farmor and Abt metapliosphoric acid 
method.^ The normal fasting lovol was considered to range from O.G to 1.4 mg; por 100 
c.c. of plasma. 

Tho vitamin C saturation studies* wero carried out according to tho procoduro of 
Wright and Ludden.® One gram of vitamin C was injected intravenously after a twelve- 
hour fast. Urine specimens wero collected at one nnd one-half and five hours nftor tho 
injection; tho total five-hour excretion nnd tho twenty-four hour saturation index were 
calculated. An oxcretion rate of over 450 mg. of vitnmin C was considered normal for the 
five-hour period and over 500 mg. for the twenty-four hour saturation indox. 

Although ICrusoi® maintained that no correlation could bo expected to exist betweon 
the various laboratory procedures for determining vitamin C nutritional status, it was felt, 
nevertheless, that some biochemical or biophysical test which most closely approximates 
the clinical status must bo. accepted ns a standard in order to compnro tho rolntive ade- 
quacy of other procedures. This is particularly true if any ono method is to be used 
exclusively in order to determine vitamin saturation or unsaturation. In this study the 
five-hour excretion test was adopted empirically ns tho method of choice, and tho other 
indicos compared with it. The twenty-four hour saturation index was not used as a basic 
standard since in soveral instances it was impossible to calculate this value. Moreovor, 
in only ono instance (Case 17) was tlicro any discrepancy between the five-hour excretion 
value and the twenty-four hour saturation indox. 

l 

RESULTS 

In Table I the observations made on the forty-eight cases studied are 
given in detail. This table was constructed according to the values obtained 
in the five-hour urinary excretion of vitamin C in ascending order. 

This protocol reveals a lack of correlation between the intradermal dye 
discoloration time and the five-hour excretion of vitamin C in thirteen of the 
forty-eight individual tests performed (27 per cent). Only obvious discrep- 
ancies were used in these calculations since the borderline zone of nine to 
fourteen minutes in dye discoloration time was considered compatible w r ith 
vitamin O saturation or unsaturation. The notable exceptions occurred in 
Cases 20 to 25, 29, 32, 34, 37, 38, 44, and 46. 

Assuming the fasting vitamin C content of the plasma in nutritionally 
normal individuals to be at least 0.6 mg. per 100 c.c., a fair degree of corre- 
lation was noted between this index and the five-hour urinary excretion value. 
Obvious discrepancies were observed in seven of the forty-eight tests per- 
formed (15 per cent). The exceptions noted were in Cases 14, 17, 20, 22, 27, 
34, and 37. 

A marked degree of discrepancy was noted between capillary fragility 
and the five-hour urinary excretion of vitamin C. Here again, the borderline 
zone of ten to twenty petechiae was considered compatible with vitamin C 
saturation or unsaturation. Nevertheless, a lack of correlation between these 
two indices was observed in twenty-four of the forty-eight tests performed 

•With the technical assistance of Elsie V. Frost, B.A., and Margaret E. Thomas, B.A., 
of the Division of Pathological Chemistry, New York Post-Graduate Hospital. 
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Table I. Vitamin C Studies in Forty-Eight Subjects 



CLINICAL DIAGNOSIS 


1 

45 

M 

Chronic glomerulonephritis 

.2 

30 

M 

Peptic ulcer 

3 

21 

F 

Tuberculous peritonitis 

4 

23 

M 

Postphlebitie ulcer 

5 

44 

M 

Psychoneurosis 

6 

15 

M 

Pyrexia — etiology ? 

7 

50 

M 

Chronic leg ulcer, rheuma- 
toid arthritis 

8 

33 

M 

Chronic prostatitis 

9 

15 

M 

Possible early bronchiectasis 

10 

16 

F 

Obesity — etiology ? 

11 

63 

M 

Thrombophlebitis 

12 

24 

F 

Multiple sclerosis 

13 

23 

F 

Brucellosis 

14 

26 

M 

Normal 

15 

60 

F 

Bleeding peptic ulcer 

16 

51 

F 

Hypertension, ovarian tumor 

17 

58 

F 

Hypertension, hypertrophic 
osteoarthritis 

18 

56 

F 

Metastatic carcinoma with 
jaundice 

19 

20 

F 

Infectious arthritis 

20 

23 

F 

Postpolio lymphedema 

21 

16 

F 

Rheumatic heart disease 

22 

22 

F 

Normal 

23 

41 

M 

Rheumatic heart disease 

24 

27 

M 

Normal 

25 

26 

F 

Rheumatic heart disease (in- 
active!, subacute bacte- 


rial endocarditis 

26 39 M Retinal hemorrhages — 

etiology? 

27 49 M Coronary occlusion 

28 56 M Hypertension 

29 24 • F Normal 

30 40 F Allergic to ragweed and 

citrus fruits 

31 54 F Hypertension, purpura 

”2 50 F Biliary cirrhosis 

33 24 F Rheumatic heart disease 

34 21 F Normal 

35 47 F Anemia — etiology? 

36 40 F Hyperthyroidism 

37 22 F Normal 

38 27 M Normal 

39 52 F Polycythemia vera 

’0 16 F Multiple sclerosis 

« 29 F Normal 

4- 26 F Normal 

43 23 F Normal 

44 22 F Normal 

40 33 F Thrombophlebitis 

46 30 F Normal 

' 4« 27 M Normal 

-i 8 26 M Normal 


VITAMIN C SATURA- 
TION TEST 

DYE DIS- 
COLORA- 
TION TIME 
(MIN. AND 
SEC.) 

FASTING 

PLASMA 

VITAMIN 

C 

(mg. %) 

CAPILLARY 
FRAGILITY 
(NUMBER 
OF PETE- 
CHIAE) 

rivE- 

HOUR 

EXCRETION 

(mg. %) 

TWENTY- 
FOUR HOUR 
SATURA- 
TION INDEX 
(MG. %) 

118 

189 

17:30 

0.15 

100+ 

154 

161 

22:45 

0.10 

0 

156 

203 

19:00 

0.25 

8 

180 

186 

19:30 

0.10 

0 

201 

218 

11:00 

0.10 

12 

226 

239 

12:00 

0.45 

8 

243 

253 

29:30 

0.20 

0 

246 

278 

27:00 

0.20 

2 

261 

295 

20:00 

0.15 

50 

268 

284 

16:15 

0.10 

23 

272 

292 

17:00 

0.25 

0 

279 


15:00 

0.35 

58 

325 

352 

14:30 

0.20 

80 

349 

397 

15:00 

0.70 

3 

364 


10:30 

0.10 

8 

387 

449 

14:00 

0.10 

100+ 

412 

538 

10:00 

0.75 

40 

417 

468 

13:00 

0.25 

48 

439 

494 

19:45 

0.20 

12 

487 

545 

21:00 

0.40 

1 

490 


26:30 

0.65 

12 

508 

558 

l 18:15 

0.40 

13 

510 

679 

19:15 

0.65 

48 

556 

603 

21:00 

0.80 

20 

556 

739 

16:45 

0.75 

1 

566 

692 

10:15 

0.80 

100+ 

592 

760 

14:00 

0.35 

19 

620 

736 

6:30 

0.70 

90 

624 

754 

14:30 

1.00 

5 

629 

762 

12:00 

0.65 

10 

633 

838 

8:45 

1.00 

100+ 

636 

713 

15:00 

0.65 

4 

647 

829 

11:30 

0.80 

4 

658 

792 

29:30 

0.55 

25 

668 

873 

8:30 

0.95 

15 

679 


11:00 

0.70 

5 

686 

804 

15:15 

0.40 

56 

701 

941 

18:15 

0.90 

4 

715 

870 

9:00 

1.00 

84 

730 

847 

10:45 

0.60 

40 

798 

920 

9:30 

0.90 


833 

950 

12:45 

1.10 

52 

837 

973 

8:30 

0.70 

40 

838 

841 

977 

1,066 

20:30 

8:30 

0.75 

1.35 

63 

56 

918 

1,041 

14:30 

1.10 

60 

963 

1,000 

10:00 

0.60 

57 

1,038 


10:00 

1.50 

50 
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(50 per cent). Tlie exceptions noted were in Cases 2 to 4, 6 to 8, 11, 14, 15, 
23, 26, 28, 31, 34, 37, 39, 40, and 42 to 48. It should be pointed out here that in 
six patients (Cases 23, 2G, 28, 31, 39, and 45) the discrepancy between capillary 
fragility and the five-hour saturation test may be ascribed to the underlying 
pathologic disturbance resulting in capillary injury (rheumatic heart disease, 
purpura, hypertension, polycythemia vera, and thrombophlebitis). In the 
eighteen remaining instances in which a lack of correlation was observed be- 
tween these two procedures, no obvious reason to account for the discrepancy 
was disclosed. In the final analysis, therefore, no correlation was observed 
between the capillary fragility test and the five-hour saturation test in eighteen 
of the forty-eight tests performed (37 per cent). 

DISCUSSION 

The dye discoloration test exhibited serious technical difficulties and in- 
consistencies aside and apart from the high degree of discrepancy when com- 
pared with the saturation test. Thus, allergic reactions, such as induration 
and erythema at the site of the injection, were occasionally noted; these oc- 
curred twenty-four to ninety-six hours after the administration of the dye. 
In one subject the local inaction was marked and accompanied by a dermatitis 
involving the forehead, bridge of the nose, and flexor creases of the fingers. 
Moreover, significant variations in dye discoloration time were observed when 
the test was performed simultaneously on both nrms. Peculiai'ly enough, this 
phenomenon could be repeated with identical results twenty-four hours later. 
Again, some difficulty was experienced in reading the absolute end point of 
dye discoloration, and some degree of uncertainty was always present con- 
cerning the validity of an absolute intradermal injection. 

The capillary .fragility test was found to be nonspecific. The present 
meager knowledge of capillary physiology and pathology renders any pro- 
cedure based on capillary rupture extremely difficult to interpret. Massive 
petechial formation may occur in several clinical conditions (such as, blood 
dyserasias) as well as in frank scurvy. Again, fragile capillaries produced by 
vitamin C deficiency will not rupture under tourniquet pressure if anemia is 
concomitantly present presumably due to the decreased blood volume. 

CONCLUSIONS 

1. The vitamin C saturation test, the intradermal dye discoloration time, 
the fasting plasma vitamin G level, and the capillary fragility test were car- 
ried out on thirty-four patients and fourteen normal subjects. 

2. Serious discrepancies between the dye discoloration test and the five- 
hour urinary excretion of vitamin C were observed in 27 per cent of the tests 
performed. Other noteworthy objections to the intradermal dye discoloration 
test have been described. 

3. A satisfactory correlation was observed between the fasting plasma 
level and the five-hour urinary excretion of vitamin C. In only 15 per cent 
of the cases studied were exceptions noted. 

4. Obvious discrepancies between the capillary fragility and the satura- 
tion tests occurred in 37 per cent of the subjects investigate * 
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SERUM PROTEINS IN HYPOPROTEINEMIA DUE TO 
NUTRITIONAL DEFICIENCY 

Martha M. Bieler, M.A., and Enrique E. Ecker, Ph.D., Cleveland, Ohio, 
and Tom D. Spies, M.D., Birmingham, Ala. 

T HE ultimate source of all body proteins is dietary protein. Dietary protein 
is absorbed from the gut as amino acids, and these acids are resynthesized 
into tire special types of body protein. Inadequate intake of protein leads 
to a depletion of tissue protein. A sufficiently severe depletion of tissue protein 
is reflected in the serum proteins because there exists, between the cellular and 
serum proteins, a dynamic equilibrium involving a continuous interchange of 
materials between the blood and the tissues. Although the serum protein level 
is not an absolute indication of the state of the body proteins, liypoprotcinemia 
reflects depletion of protein in other tissues. 

Blood serum contains a variety of proteins which can be classified as 
albumin and globulins according to physical and chemical characteristics. Each 
performs distinct bodily functions in addition to the all-important but little- 
understood relationship to tissue nutrition. Serum albumin influences the 
water balance of the body. The edema which is often observed in cases of 
severe hypoproteinemia is thought to be due to a depletion of albumin below 
the level necessaiy for maintaining adequate colloid osmotic pressure within 
the vascular system. 

Most studies on the problem of serum protein production have been con- 
fined to the synthesis of serum albumin because a reduction in the concentration 
of albumin usually precedes that of the globulins. The globulins are of vital 
importance because of their immunologic functions. Their complexity has been 
shown clearly by the fundamental work of Tiselius on the separation of plasma 
proteins by electrophoretic analysis. By this means the globulins have been 
divided into alpha, beta, and gamma components, and their quantitative rela- 
tionship has been determined. 

On the basis of electrophoretic analysis of blood serum of patients with 
a great variety of diseases, certain generalizations have been made. In febrile 
conditions the alpha globulins are elevated. In nephrosis the beta globulins 
are high, possibly because of the presence of a labile lipoprotein . 1 Marked 
increases in the gamma component occur in rheumatic fever , 2 amyloidosis , 2 
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relapsing malaria, 3 and sarcoidosis. 4 In certain diseases affecting the liver there 
is often an elevation of all three globulins. 5 Changes in the relative distribution 
of these proteins during the course of many diseases bear no direct relationship 
to' total protein level, although the total protein level is not necessarily normal. 

Although hypoproteinemia may result from severe hemorrhage, bums, or 
disturbances of digestion, absorption, and utilization of proteins, the most 
common cause of hypoproteinemia is insufficient intake of dietary protein. In 
a large Nutrition Clinic where hundreds of patients with various forms of mal- 
nutrition are seen yearly, many patients have been observed who, for years, 
have existed on a low protein diet and who have serum protein level 30 to 40 
per cent below the normal value. The clinical implications of this type of 
hypoproteinemia are not well understood. In some of the advanced cases 
edema may occur, suggesting a depletion of serum albumin; hut other cases 
show no signs of edema. 

Although undernutrition and malnutrition have been recognized as contri- 
buting factors in chronic infectious diseases and in susceptibility to infection, 
observations of certain malnourished, anemic individuals at the Nutrition Clinic 
have revealed such patients to be remarkably free from infection despite low 
serum protein levels. In order to secure further data on these cases, electro- 
phoretic patterns of blood serum, complement and complement components, 
opsonic indices, and natural antibodies have been compared with those of 
healthy subjects and with a series of patients with various other diseases. 

MATERIALS AND METHODS 

Three groups of subjects were selected for study. The first group included 
seven adults who had no evidence of any disease or infection. They appeared 
to be in excellent health; their diets were adequate in all respects, and they 
were working every day. The second group included fourteen malnourished 
patients, thirteen adults and one child selected from the Nutrition C lini c and 
from the wards of the Jefferson Hospital. These patients had various diseases 
(Table I), and it was known that their diets had been inadequate in protein for 
at least a short time. To what extent the infection was responsible for the 
poor nutritional status is not known. The third group included eight adults 
with anemia who had been observed in the Nutrition Clinic for at least three 
years. Three had addisonian pernicious anemia, one had nutritional macrocytic 
anemia, and four had iron deficiency anemia. All had subsisted on low protein 
diets for several years but were free from infection of any kind. 

Fasting (overnight) samples of blood were drawn by venous puncture. 
The blood was allowed to clot, was centrifuged, and the serum was transferred 
to ampules in an ether-dry ice bath. Serum samples were preserved in the 
frozen state. 

Electrophoretic analysis of all sera was carried out in a standard Tiselius 
apparatus according to Longsworth’s technique.® A veronal buffer, pH 8.6, ionic 
strength 0.1 was employed. The serum was dialyzed forty-eight hours' in 2 
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Table I. Serum Protein Distribution According to Tiselius Data 


CASE 

SUB- 

JECT 

TOTAL 
PROTEIN 
(MO. %) 

ALBU- 

MIN 

(%) 

ALPHA 

GLOBU- 

LIN 

(%) 

BETA 

GLOBU- 

LIN 

(%) 

GAMMA 

GLOBU- 

LIN 

(%) 

A/a 

REMARKS 

1 B.B.J. 

6.00 

62.1 

9.0 

Xormal Subjects 

11.5 10.9 l.C 


2 M.B. 

7.50 

54.0 

17.9 

15.6 

12.5 

1.1 


3 ! 

3.D. 

6.57 

68.7 

10.3 

10.9 

10.2 

2.2 


4 . 

AM. 

7.40 

53.3 

13.5 

17.7 

15.5 

1.1 

Normal, healthy adults who 

5 H.C. 

6.41 

56.2 

19.3 

12.2 

14.7 

1.3 

showed no signs of infoction 

6 L.F. 

7.03 

57.6 

12.2 

14.7 

15.8 

1.4 

at the time the blood sample 

7 D.J. 

6.13 

64.6 

13.6 

11.1 

10.7 

1.9 

was tahen 

Average 

6.81 

59.5 

13.8 

13.4 

13.4 

1.5 


Range 

6.1 to 7.5 

53 to 69 9 to 19 

11 to 18 10 to 17 

1.1 to 2.2 

8 

J.T. 

6.13 

43.3 

Subjects With 
20.8 21.4 

Various 

14.4 

: Diseases 

0.76 Pulmonnry edema: coronary 

9 

R. J. 

5.88 

45.6 

13.5 

18.2 

22.0 

0.84 

ischemia 

Tuberculous meningitis 

10 

R.N. 

6.71 

23.7 

29.1 

19.0 

28.1 

0.31 

Aleuecmic leucomia 

11 M.I.P. 

7.94 

22.5 

19.7 

6.S 

51.0 

0.29 

Lymphopathia venereum 

12 

M. P. 

4.94 

62.3 

12.0 

16.1 

9.6 

1.6 

Dicers (staphylococcus 

13 

J.W. 

5.87 

48.2 

21.9 

16.0 

14.0 

0.03 

infection) 

Catarrhal jaundice 

14 

W.R. 

5.84 

36.7 

19.1 

13.4 

30.8 

0.58 

Typhus convalescent 

15 

F.C. 

5.09 

47.5 

21.2 

15.0 

10.2 

0.91 

Activo tuberculosis 

16 

I.B. 

- 6.25 

33.0 

26.7 

17.4 

22.9 

0.49 

Lung abscess 

17 

J. T. S. 

7.72 

33.0 

29.0 

16.5 

21.5 

0.49 

Catarrhal jaundice 

18 

J.K. 

6.25 

28.1 

27.4 

21.0 

23.5 

0.39 

Rheumatic fevor 

19 

F. B. 

4.06 

30.0 

30.6 

20.7 

18.6 

0.43 

Nophritis; congestive heart 

20 

M.R. 

5.87 

23.2 

11.8 

13.7 

51.1 

0.35 

failure 

Carcinomatous pellagrous 

21 

R.G. 

3.09 

43.6 

30.5 

20.9 

5.0 

0.77 

dermatitis 

Hepatitis (f) 

Range 

3.1 to 7.9 

23to6212to31 

6.8 to 21 5 to 51 0.29 to 1.6 

22 

E.S. 

5.10 

57.4 

Subjects With Anemia 

12.5 11.9 18.0 1.4 

Nutritional macrocytic anemia 

23 

G.B. 

4.71 

60.8 

10.0 

12.3 

16.6 

1.5 

Addisonian pernicious anemia 

24 

J.S. 

4.59 

63.8 

7.3 

11.2 

17.6 

1.8 

Addisonian pernicious anemia 

25 

H. T. 

5.75 

53.6 

13.6 

13.3 

19.5 

1.2 

Addisonian pernicious anemia 

26 i 

G.D. 

4.12 

53.1 

18.1 

15.2 

13.6 

1.1 

Iron deficiency anemia 

27 

H. G. 

5.75 

54.6 

13.2 

20.7 

11.6 

1.2 

Iron deficiency anemia 

28 

E. L. 

5.04 

56.2 

14.3 

15.3 

14.3 

1.3 

Iron deficiency anemia 

29 

S. H. 

5.85 

50.9 

13.0 

17.8 

20.3 

1.0 

Iron deficiency anemia 

Average 

5.11 

56.3 

12.8 

14.7 

16.4 

1.3 

Range 

4.1to5.8 

51 to 64 7 to 18 

11 to 21 13 to 20 

1.0 to 1.8 


T 


liters of buffer; then the serum protein concentration was adjusted to 1.2 per 
cent by dilution with buffer. Electrophoresis was allowed to proceed for 9,300 
seconds with a current of 15 milliamperes. Results were recorded photograph- 
ically by the Soldier en scanning method. 7 Measurements were made in terms 
of relative quantities (weight per cent) of albumin and alpha, beta, and gamma 
globulins by means of planimeter tracings of enlargements of the photographic 
plates. Descending patterns only were used for the calculations. 

Total proteins were determined by the micro-Kjeldahl method for nitrogen. 
A sulfuric acid-phosphoric acid-copper sulfate digestion mixture was used, and 
Nessler’s reagent was employed for the colorimetric estimation of the ammonia 
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formed. Tungstate sulfate precipitation was used in the preparation of protein- 
free filtrates for N.P.N. determinations. 

For a qualitative study of the serum proteins, the immunologic properties 
of each serum were measured with respect to three well-known natural attributes 
of serum: complementary activity, opsonic index, and antisheep antibody titer. 

The components of hemolytic complement have been shown to be distributed , 
among the globulin fractions of the serum proteins. 8 Although the complemen- 
tary activity of the blood determines to a large extent its immunologic properties, 
a deficit of any or all of the components of complement causes no obvious 
changes in the electrophoretic pattern of the serum since complement comprises 
only a small portion of the serum globulins. For this reason complement titers 
are included in our data. Complement determinations were carried out as soon 
as possible after the serum had been prepared, since complementary activity 
decreases gradually even when the serum is preserved in the frozen state. The 
serial tube method described by Ecker and associates 9 was used. The values 
represent the amount of serum necessary to bring about complete hemolysis 
and 50 per cent hemolysis of a standard amount of sensitized sheep red blood 
cells. Tests for the reactivation of components were carried out for all sera. 
These values are reported in terms of per cent hemolysis of a given amount 
of sheep cells brought about by small amounts of serum to which an excess of 
specifically inactivated complement components were added. 

The opsonic index of serum was measured by the degree of opsonization 
of organisms which do not undergo phagocytosis in the absence of an opsonic 
agent. In the absence of antibodies natural opsonins 'have been identified with 
three of the components of complement. 10 They represent an important mecha- 
nism in reaction to infectious agents; therefore, measurement of opsonic indices 
is helpful in the evaluation of the serum globulins. Determinations were made 
according to the method described by Ecker and Lopez-Castro. 10 All leu- 
cocytes were obtained from the venous blood of the same normal individual. 
The organism used was Micrococcus Candidas* The number of cocci ingested 
by 100 polymorphonuclear leucocytes was counted on each slide. 

In addition to the antibodies which are formed in response to invasion, 
human blood serum normally contains agglutinins -which are generally active in 
low dilutions against certain cellular antigens. The antigen used in this study 
was the sheep erythrocyte. The sera to be tested were heated at 56° C. for 
ten minutes to inactivate complement. Serial tube dilutions from 1 :2 to 1 :128 
were then made with 0.85 per cent saline in such a manner that the total 
volume in each tube was 0.5 cubic centimeter. A 2 per cent suspension of sheep 
erythrocytes was prepared from 2 cubic centimeters fresh sheep blood washed 
four times with saline and diluted to 100 cubic centimeters. To each tube of diluted 
serum and to a “blank” tube containing 0.5 cubic centimeter saline was added 0.5 
cubic c entimeter of this cell suspension. The tubes were shaken, incubated one 

of ClncfnSu' M?dlcal , &ih£l. was ot>talncd throuBh the Wndness ^ C. A. Mills. University 
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hour at 37° C., and allowed to stand overnight in an icebox. Readings were 
made according to the size of the erythrocyte clump remaining after the tube • 
had been tapped firmly once. The values reported represent the highest dilution 
of serum capable of causing definite agglutination of the sheep cells. 

DATA AND RESULTS 

Serum Protein Fractionation by Electrophoresis . — Electrophoretic data are 
presented in Table I. Typical patterns are illustrated in Pig. 1. The average 
values for normal controls are in agreement with the data published by other 


Typ/CAL ELECTPOPHOPET/C PA ETEA A/S 



(o) Qonfro/ (b) Confrof (c) Lymphopothto (d) Pufmoncry (c) Phcumoftc (f) Liver 

Venerium Ischemia Pever Disease 

\ 



(/j) Anemia (•) Anem/o (j) Anemia ( k ) Anemia (!) Anemia (g) Qcr’c/nomofouS 

Pc/iogrous 
Derm aii its 

A/b - A/bumm J a , fi , and > re/cr /a /Aosc g/ohuAn / radians 

Fig. 1. — Note similarity of the patterns for the controls a and b and the anemia patients 
h, i, j, and k, as compared with the differences between the patterns for the controls and the 
patterns for patients with various diseases c, d, c, /, and g. 

workers 11 as are the data for the patients with various other diseases. 2 ’ a ’ 5 The 
patterns for the patients suffering from anemia and hypoproteinemia resemble 
very closely the normal patterns. The only consistent variation is a slight eleva- 
tion of the gamma globulins with a relative drop in either albumin or alpha 
globulin. 

Immunologic Tests . — Contained in Table II are the results of complement 
titrations and reactivations, natural antisheep antibody determinations, and 
opsonic indices. 

Values for 50 per cent hemolysis readings in the complement titrations are 
within the normal range for all cases with the exception of No. 8. Reactivation 
tests on this serum indicate that there was a relative deficit of all complement 
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components. Reactivation tests on the other sera showed no significant varia- 
tions in strength of components, as was to he expected, since over-all comple- 
ment titers were within the normal range. 

The antisheep hemagglutinin titers were somewhat lower for the deficient 
patients than for either group of controls. However, the ranges of values over- 
lapped widely, and small numerical variations are within the range of experi- 
mental error. 

In most cases the opsonic index counts showed 50 to 100 per cent of the 
polymorphonuclear leucocytes to be filled with organisms and the total number 
of organisms engulfed to be 500 to 1,500. In Case 28 this value was substantially 
lowered, indicating the absence of adequate quantities of opsonins in this serum. 
"Blank” controls showed not more than 10 per cent active leucocytes and not 
more than twenty-five organisms engulfed. 

COMMENT 

The data presented indicate that the blood sera of eight persons who arc 
hypoproteinemic but have no known infection vary but slightly from the sera 
of healthy, well-nourished individuals with respect to distribution of serum pro- 
tein fractions, complement titers, opsonic indices, and antisheep hemagglutinin 
titers. 

The relative decrease of serum albumin and relative elevation of serum 
globulin fractions in the sera of most of the hypoproteinemic patients are an 
indication that liypoproteineinia develops at greater expense to scrum albumin 
than to serum globulin. However, the average deviation of the albumin : globulin 
ratio from the normal is extremely small as compared with the vide deviations 
and inversions of the ratio found in the sera of patients with other diseases. 
This fact suggests that in prolonged malnutrition a gradual depletion of all 
serum proteins occurs, since the ultimate source of all body proteins is dietary 
protein. Whereas, in disease increased amounts of specialized globulins may be 
produced, in dietary deficiency all types of serum protein may be produced in 
normal quantitative proportions. 

Although complement titer is known to undergo extreme variations in the 
course of certain infectious diseases 12 the titers for all but one case studied 
here remained normal. Case 8 (J. T.) was the only patient who was acutely 
ill at the time when the blood sample was taken. Apparently the components 
of complement are maintained at a normal level even when other protein levels 
decrease. Similarly the normal opsonic index values found for deficient patients 
suggests such a condition, since three components of complement (C'l, C'2, C'4) 
together may operate as an opsonin. The variation of the natural antisheep 
antibody titers between the controls and the deficient patients is of questionable 
significance. Thus, the results of three immunologic reactions show that the 
sera of persons who are hypoproteinemic but have no infection can maintain 
certain immunologic functions even though a rather large proportion of the 
total serum protein has disappeared. 
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Reports concerning the relationship between nutritional status and resist- 
ance to infection are at great variance. In the case of hypoproteinemia due to 
acute starvation, hemorrhage, or surgical operation, resistance to infection is 
greatly lowered, and direct loss of antibody protein is probably the contributing 
factor. Apparently malnutrition presents a different problem, for many mal- 
nourished patients with anemia who appear to he as resistant to certain diseases 
as well-nourished individuals have been observed in the Nutrition Clinic. A 
partial explanation has been found in the increased phagocytic activity of the 
neutrophiles in patients with anemia. 1- * A complement to this explanation may 
be found in the results of the present study ; that is, that in persons where hypo- 
proteinemia exists because of a lack of materials with which to manufacture 
serum proteins, the limited amount of materials available contributes to the pro- 
duction of certain important immunologic elements. 

SUMMARY AND CONCLUSIONS 

1. Various characteristics of the serum proteins of twenty-nine individuals 
have been studied. Seven were from apparently normal, healthy adults ; four- 
teen were from hospital patients with various diseases; and eight were from 
patients with hypoproteinemia associated with nutritional anemia but showing 
no evidence of infection. 

2. Electrophoretic analysis demonstrated that the sera of the healthy in- 
dividuals compare closely with the normal values recorded by other investigators. 
The sera of the patients with various diseases 'showed the abnormalities usually 
observed in those diseases, while the sera of the patients with anemia and hypo- 
proteinemia differed from the normal only by a slight relative decrease in the 
amount of albumin present. 

3. Complement titers, opsonic indices, and antisheep hemagglutinin titers 
of all sera showed no significant variation from the established normal values. 

4. The gradual depletion of serum protein levels which follows chronic, 
uncomplicated malnutrition is probably a relative depletion of all types of 
protein distinguishable by electrophoretic analysis. Certain portions of the 
globulins appear to be maintained. This fact may afford a partial explanation 
of the resistance to infection shown by some persons who are hypoproteinemie 
because of dietary deficiency. 
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FOLIC ACID IN THE TREATMENT OF APLASTIC ANEMIA 

Benjamin R. Gendel, M.D.* 

Memphis, Tenn. 

M ANY authors 1 ’ 2 have shown the value of folic acid in the treatment of per- 
nicious anemia and a variety of other macrocytic anemias. However, 
reports on the use of folic acid in the treatment of aplastic, hypoplastic, or re- 
fractory anemias have shown disappointing results. AY atson and co-workers 3 
reported their results with folic acid in the treatment of refractory ane- 
mia. They treated seven patients using 2.5 mg. twice daily for six days, 
and at the end of that time no beneficial effect was observed. Spies 1 found 
folic acid administration to be without effect on either the clinical or hemato- 
logic picture of three patients with aplastic anemia. Doan 4 also reported nega- 
tive results in six patients with hypoplastic anemia. The dosage used and the 
duration of treatment were not described. Zuelzer, 5 discussing the beneficial 
effect of folic acid in macrocytic anemia of infancy, mentioned negative results 
obtained in three children with aplastic or hypoplastic anemia. Goldsmith 5 
has recently reported on the treatment with folic acid of two patients with 
aplastic anemia. One patient, a 51-year-old colored man, received 5 mg. and 
later 30 mg. of Lactobacillus casei factor daily. At the end of one month there 
had been no improvement and it was necessary to administer several blood trans- 
fusions. The second patient, an 8-year-old white boy, received 20 mg. of L. casei 
factor parenterally for ten days and then 40 mg. daily for a similar period. 
There was no change in the blood picture. On the other hand, in 1944 Sharp 
and associates 7 reported on the treatment of ten patients with refractory anemia 
who were given small daily doses of Vitamin B c (0.6 to 1.5 mg.) . After a month 
there was an appreciable increase in the hematocrit but otherwise only slight 
changes, and the experiment was discontinued. Recently Davidson and Gird- 
wood 8 have reported some beneficial effect following folic acid administration in 
the treatment of three patients with refractory megaloblastic anemia in whom 
adequate therapy with parenteral concentrated liver was ineffectual. Since folic 
acid has not seemed to have any therapeutic value in the treatment of aplastic 
anemia according to the experience of most authors, it would seem of value tc 
record our experiences with the use of folic acid in which the apparent results 
of treatment have seemed a little more hopeful. 

In the summer of 1945 we were faced with the problem of a patient severely 
ill with aplastic anemia who was having frequent transfusion reactions. Thu 
patient had already received over seventy blood transfusions in the preceding 
eight months and required about 500 c.c. of whole blood weekly in order to maim 
tain a red count of 2.5 million. There had been a history of sulfonamide treat- 
ment; therefore, at the suggestion of Dr. Louis K. Diamond of Boston, we de 
cided t o observe the effects of folic acid in the treatment of this condition 
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Later, when more folic acid was made available, two other patients were 
treated; this report summarizes the effect of this treatment and discusses the 
pertinent experimental data. 

CASE REPORTS 

Case 1. — A 29-year-o](l white man, n lieutenant in the Air Corps, was well until Decem- 
ber, 1944, when he developed a sore throat and fever while on shipboard en route to the United 
States. He was admitted to the sick bay, and a right tonsillar ulcer was found with regional 
cervical lymph node enlargement. A smear was reported positive for Vincent’s infection, and 
he was treated with sulfadiazine orally, a single 0.C Om. injection of neoarsphenamine intra- 
venously, and neoarsphenamine in glycerin topically. The patient received a total of 7 Gni. 
of sulfadiazine by Dec. 4, 1944, when, because of continued illness, a blood count was taken; 
the count revealed: hemoglobin, 7.6 Gm.; red blood cells, 2,700,000 per cubic millimeter; 
white blood cells, 2,150 per cubic millimeter; neutrophilcs, 19 per cent. Medication was dis- 
continued. On Dec. 7, 1944, a sternal marrow aspiration was done and revealed an aplasia of 
all cellular elements. Petechiao developed. Treatment consisted of repented blood trans- 
fusions, penicillin, and pentnucleotide injections with some improvement. The patient received 
sixteen transfusions until his admission to Lovell General Hospital on Dec. 20, 1944. On 
admission the patient was still severely ill and was complaining of sore throat, weakness, and 
rectal pain. 

Past History . — There was a history of atabrinc ingestion of 0.1 Gm. daily for several 
months nftcr April, 1944. Sulfadiazine had been administered on many previous occasions for 
repeated upper respiratory infections, and in addition, sulfadiazine ointment had been used 
freely for various cuts and abrasions during the preceding year. 

Physical Examination . — A moderate pallor and a periumbilical scaly eruption were 
present. Thero were no enlarged lymph nodes and the liver and spleen were not palpable. 
Multiple anal fissures were present. The remainder of the examination was not significant. 
No petechiae or ecchymoses were noted on admission. 

Laboratory Data . — In Fig. 1 arc summarized the blood counts taken during the patient’s 
hospital stay. The initial marked increase in red cell count and hemoglobin found at this 
hospital was attributed to the laTge number of transfusions given in the short time prior to 
admission. Sternal puncture on Dee. 29, 1944, revealed a hypoplastic marrow with a depres- 
sion of the erythroid and myeloid elements and an absence of megakaryocytes. 

Course . — The patient was severely ill during most of the hospital stay which lasted 
fifteen months. He developed petechiae, ecchymoses, cpistaxis, and a hematomn of the eyolid 
on various occasions. In January, 1945, ulceration of the mucous membranes of the mouth 
was noted. In May, 1945, the patient developed a hemorrhage into the right middle ear. 
During hospitalization he received penicillin for intercurrent infections and over seventy blood 
transfusions, from one to threo weekly until August, 1945. During July and August, 1945, 
transfusions were accompanied by a febrile and constitutional reaction but no hemolytic reac- 
tion. Careful examination for abnormal agglutinins was done and none were found. (This 
examination was performed by Dr. L. Iv. Diamond nt the Blood Grouping Laboratory, Boston, 
Mass.) Because of the frequency of transfusion reactions and the progressive fall in the 
blood without them, it was decided to institute therapy with folic acid* and to try to dis- 
continue transfusions. In August, 1945, all transfusions were stopped and none were given 
subsequently. Administration of folic acid, 4 mg. daily, was started. There was no reticulo- 
cytosis and no improvement in the blood picture, but the count did not drop and folic acid 
was continued. On Oct. 18, 1945, the dosage of folic acid was increased to 30 mg. daily and 
on December 6, 1945, to 200 mg. daily. During this time the red count slowly improved, 
although the leucocyte and platelet counts were essentially unchanged. In February, 1946, 
the dosa ge was increased to 400 mg. daily for two weeks and then was reduced to 150 mg. 

(Ptero^Blummic 3 acid? PrCSent stUdy WaS SynUieU ° L ' C<Me{ 
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daily Folic acid was discontinued in April, 1946. In May, 1946, a blood count revealed: 
hemoglobin, 13.8 Gm.; Ted cells, 4,000,000; white cells, 4,000; neutrophiles, 28 per cent; 
platelets, 54,000. The patient felt well and was ambulatory. 
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Past History —The patient received four sulfadiazine tablota on two or three occasions 
in August, 1944, because of an epidemic of meningitis in the camp at which ho was stationed. 
Again prior to going overseas in December, 1944, lie was given several tablets of sulfadiazine 
for an unknown reason. There was no other history of exposure to toxic chemicals. 



spleen were not palpable. There were no other significant physical findings. 
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Laboratory Data . — In Pig. 2 are summarized the blood counts taken during the patient’s 
hospital stay. In June, 1945, a sternal marrow aspiration revealed a hyperplasia of the 
normoblastic and myeloid elements and a normal number of megakaryocytes. Gastric analysis 
revealed 42 units of free HC1 after the administration of histamine. 

Course . — The patient was given four blood transfusions and evacuated to the United 
States. Subsequently, he received transfusions about once a week from June until September, 
1945. In early September, 1945, he developed abdominal pain, slight fever of 100 to 10l° F., 
tenderness of the liver, and an icterus index of 20. There was no increase in anemia nor any 
other evidences of a hemolytic crisis. The condition persisted for ten days and returned to 
normal. It was believed that the patient suSered a mild episode of homologous serum jaun- 
dice, induced by a previous transfusion. On Oct. 13, 1945, transfusions were discontinued and 
the patient was started on 30 mg. of folic acid per day. This was continued until Dec. 6, 
1945, when the dosage was increased to 200 mg. daily. On Jan. 1, 1946, the dosage was 
decreased to a maintenance dose of 15 mg. daily which was continued until February, 1946. 
On this regime the blood count fluctuated at about the previous levels, although the patient 
did not receive any of the blood transfusions which were previously necessary to maintain the 

blood count. No data are available concerning the further course. 

/ 

Case 3. — A 25-year-old white man, a technician fifth grade, was well until the middle 
of June, 1945. At that time he noted the gradual onset of fatigue. Shortly thereafter he 
developed shortness of breath and anorexia. On July 15, 1945, he fainted and consequently 
was hospitalized. 

Past Mistory . — The patient served overseas in the Southwest Pacific Theater of Opera- 
tions for twenty-six months. The diet was considered adequate, and there were no gastro- 
intestinal complaints until the patient developed anorexia two weeks prior to hospitalization. 
Atabrine, 0.1 Gm. five times weekly, was administered during the entire stay overseas. 

Physical Examination . — A marked pallor was noted. There was a symmetrical pinkish 
scaling involving the chest, abdomen, and neck. Bluish bands were noted under the finger- 
and toenails. There was also a bluish discoloration of the skin under the eyes and over the 
right shin. A slight generalized lymph node enlargement was noted and liver and spleen were 
not palpable. The remainder of the examination was noncontributory. 

laboratory Data . — -In Fig. 3 are summarized the blood counts taken during the patient’s 
hospital stay. Fragility test was normal, icterus index was 5, and urinary urobilinogen was 
positive in 1:20. Stools were negative for occult blood. Gastric analysis revealed the pres- 
ence of free HC1. Kahn was negative. A trephine biopsy of the sternum revealed a hypo- 
plastic marrow. 

Course . — The patient received fourteen blood transfusions of 500 c.c. each during July 
and August, 1945. This produced an improvement in the general condition and blood picture. 
The leucocytes and platelets became essentially normal, but the red cell count was fixed 
between 2.5 and 3.5 million. This persisted from September until December, -1945, without 
significant change, despite the administration of iron and parenteral liver. On Dec. 6, 1945, 
the administration of 200 mg. of folic acid (50 mg. four times daily) was begun. This was 
continued until Dec. 21, 1945, when the drug was discontinued. On this regime a progressive 
nse in the red count to normal was noted without any significant increase in reticulocyte 
count. After discharge from the hospital, a follow-up letter was received from the patient 
stating that he was enjoying good health and that the blood count on July 3, 1946 was 
normal. ' 

DISCUSSION 

The condition presented by these three patients was classified as aplastic 
anemia. Two of our patients (Cases 1 and 3) had a bone marrow which revealed 
R hypoplasia of the blood-forming elements. This, together with the peripheral 
blood picture of pancytopenia, would satisfy even the most rigid diagnostic 
criteria for this disorder. However, our second patient (Case 2) differed in 
that the marrow was slightly hyperplastic. The precise classification of this 
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type of anemia is obscure, although many authorities include them with the 
aplastic anemias. 9 ' It is for this reason, and as a matter of convenience, that 
our three cases are considered together. 



It was extremely difficult to evaluate the etiologic factors in the patho- 
genesis of the aplastic anemia in these patients. In our first patient there was 
a history of ingestion of a number of different medications. Atabrine was 
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taken for suppression of malaria during the summer months. However, it is 
unlikely that it was related to the development of the aplastic anemia, because 
such cases were not seen in patients from the Mediterranean Theater of Opera- 
tions where atabrine was taken only for a few months during the year. There 
was also a history of the administration of 7.0 6m. of sulfadiazine in about 
two days. On numerous previous occasions our first patient had taken sulfa- 
diazine' for a variety of infections and had abundant opportunity to develop a 
drug sensitivity. In addition, he also received an .intravenous injection of 0.6 
Gm. of neoarsphenamine and neoarsphenamine in glycerin was applied topi- 
cally to the tonsillar ulcer. Whether or not these drugs given singly or com- 
bined were responsible for this condition cannot be stated with any degree of 
certainty. There is a strong possibility that- the patient may have had an 
aplastic anemia from the onset and that the tonsillar ulcer was a manifestation 
of this disease. Unfortunately, no blood counts were obtained until after the 
drugs were administered, when it was obvious that the patient was not im- 
proving. 

The second patient also had a history of sulfadiazine ingestion, but the 
latent period was too long before the onset of symptoms for one to consider it 
seriously as a causative factor. The third patient gave a history of prolonged 
ingestion of atabrine while overseas in the Southwest Pacific Theater of Oper- 
ations. He also showed the lesions of atypical lichen planus which are cur- 
rently believed to result from atabrine toxicity. 11 Some patients with atypical 
lichen planus have also developed visceral damage including aplastic anemia. 11 ’ 12 
It is possible but not certain that atabrine played some role in the development 
of the condition of our tliird patient. 

The rationale for the trial of folic acid in the treatment of aplastic anemia 
was based on the experimental production of anemia, leucopenia, and granulo- 
cytopenia in rats on sulfonamide therapy. This peripheral blood picture was 
similar to the pancytopenia of aplastic anemia. In addition, it has been shown 
that folic acid deficiency in rats was accompanied by a progressive hypoplasia 
of the marrow with a depletion of all the marrow elements. 13 In extreme cases 
aplasia of the marrow was produced. Thus, it is seen that, experimentally in 
rats, deficiency of folic acid produces an aplastic anemia. 

The results obtained in these three patients were not as striking as the 
improvement shown by folic acid-deficient rats in which there was a return to 
a normal blood picture after four days of treatment. In macrocytic anemias 
the results are also more striking, and a reticulocyte response may be demon- 
strated similar to the one obtained from adequate liver therapy. No signifi- 
cant rcticulocytosis was manifest in any of these patients. In our first patient 
we were having difficulty with transfusions which he required at least once a 
week in order to maintain a satisfactory blood count. He showed a gradual 
improvement in the red count, which rose to better levels than we could main- 
tain on transfusions. Improvement was such that he was transformed from a 
bedridden patient to one who was ambulatory and capable of ordinary activ- 
ity. However, a complete remission had not been attained, as evidenced" ehieflv 
hy the continued low platelet count and also by the persistent leucopenia and 
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granulocytopenia. In our second patient we were able to dispense with trans- 
fusions, although the count did not rise to better levels. The third patient 
already had had a partial remission, as evidenced by a normal sternal marrow 
aspiration, normal white count and differential, and normal platelet count 
prior to starting therapy with folic acid. The red count remained low after 
several months of observation and did not rise after attempts at therapy with 
iron and liver extract. Following the administration of folic acid, the patient 
had a remission which he has maintained for eight months after the completion 
of treatment. 

It is realized that the improvement of these three patients may very well 
be a coincidental spontaneous remission, and there is evidence in our third 
patient that a remission had started before folic acid was administered. How- 
ever, it is possible that folic acid may have had some beneficial effects on the 
course of the disease, and it is believed that a trial of folic acid using large 
doses over a long period of time is justified. 


CONCLUSIONS 

1. Three patients with aplastic anemia were treated with folic acid. 

2. Treatment was associated with a remission of varying degree in each 
instance. 

3. It is recommended that large doses used over a long period of time be 
given a trial in the treatment of this condition. 
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APLASTIC ANEMIA FOLLOWING ADMINISTRATION OF THOROTRAST 

Jack Spier, M.D.,*f Leighton E. Cltjff, B.S.,* and William D. Firry, Ph.D.1 

Washington, D. C. 

S INCE thorium dioxide has come to be used extensively as a diagnostic test 
for visualization of the liver, spleen, placenta, ureter, kidney pelvis, and 
certain blood vessels, 21 it is important to record in the literature any toxic 
reactions which seem to have occurred as a result of the thorium administra- 
tion. We have recently had an opportunity to study a patient with hypo- 
plastic anemia who had been given thorium dioxide in usual diagnostic amounts 
nine years previous to the development of the hypoplastic anemia ; there were 
presumptive reasons for thinking that the thorium might possibly have caused 
the hypoplasia. 

Reports have appeared in the literature which indicate that thorium dioxide 
(thorotrast) might have late toxic manifestations of a serious nature. This 
toxicity may present itself with irritative or destructive effects, primarily on 
retieulo-endothelial and hematopoietic tissues; however, other tissues are in- 
volved, such as the kidney, where a nephritis has been produced experimen- 
tally. 12 ’ 15 Martland and associates, 2 ’ 3 ’ 10 Gettler and Norris, 4 Sabin and co- 
workers, 11 and Foulds 1 * have observed the development of osteogenic sarcoma 
clinically and experimentally from the use of radioactive materials, principally 
radium, although thorium is seen to produce similar effects. Efskind 13 pro- 
duced papillomatous growths by the intraperitoneal injection of thorium. 
These same investigators, in addition to Lambin and Gerard, 7 Gottlieb, 6 and 
Meakins, 5 have demonstrated aplastic anemia or hypoplastic anemia with de- 
struction and hypoplasia of hematopoietic tissue following thorium adminis- 
tration. The sarcomatous changes usually develop later than the aplastic 
anemia, the sarcoma developing between ten to twenty years and the aplastic 
anemia developing five to ten years after the administration of the radioactive 
material. 0 

Martland and associates 2 ’ 3 ’ 10 further state that thorium is a more active 
disrupter of blood centers than radium. Investigators are cognizant that a 
patient may remain in good health for many years before toxic manifestations 
appear. Descriptions of such cases in the literature, however, are not numer- 
ous, and not all observers are in agreement that the amounts of thorium used 
clinically may be injurious. 6 ’ 8 The case presented here serves further to 
illustrate the evolution of an aplastic anemia following the use of radioactive 
thorium . 
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CASE REPORT 

A 53-year-old colored woman was admitted to the hospital Oct. 7, 1944, with a chief 
complaint of fever and porsistent headache. 

One week before entry the patient noted onset of a persistont headache. Accom- 
panying the headache thero developed fovor and dizziness. Shortly boforo this there had 
been some anorexia and weight loss. Tho severity of these symptoms had increased pro- 
gressively up to the time of admission. The family history was essentially negative. The 
patient had been in an automobile accident twenty-two years prior to admission, aftor 
which a left hemiplegia was present with left ear denfness and paralysis of cranial nerves 
VI and VII. She had typhoid fever in childhood and nine years before hospitalization 
was studied for abdominal pain, at which time liver visualization with thorotrnst was done. 
We are unable to find from the record how much thorotrnst was given, but thore is no 
reason to suspect that it had been more than tho standard dose. A diagnosis of peptic 
ulcer was eventually made and a gastroenterostomy was performed. Tho patient’s dis- 
comfort then disappeared. Tho catamenia was negative. 

In the isolation department on admission, a negative spinal fluid was obtained. On 
physical examination the temperature was 99.5 0 F., pulse 110 per minuto, respiratory rate 
25 per minute, and blood pressure 114/50. The patient appeared acutely ill. The mucous 
membranes were pale. Two largo, firm nodules, 3 cm. in diameter, were found, one in each 
antecubital fossa. There was a left-sided hemiplegia. The fundus of each eyo showed 
marked AW nicking and silver wire arteries. A small area of ulceration was found in the 
right tonsillar fossa. Tho thyroid was somewhat enlarged and nodular, and the neck veins 
were distended. Dullness and increased breath sounds were found in the middle one-third 
of the left lung area. The heart was markedly cnlnrged, the apex being in the sixth inter- 
space, 12 cm. from tho midstcrnal line, and a loud, harsh systolic murmur was heard over 
the apex and entire precordium. The abdomen and the pelvis revealed no abnormal phys- 
ical signs. 

Laboratory Data . — 

Blood findings on Oct. S, 1944, wero: hemoglobin, 3.0 Gm, per 100 c.c.; red blood 
cells, 1.2G million per cubic millimeter (hypochromic, poikilocytic, and nnisocytic) ; white 
blood cells, 450 to 950; hematocrit coil volume, 8 per cent; differential — lymphocytes, 8S 
per cent, neutrophiles, 2, bands, 1, juveniles, 8, basophiles, 1. 

Blood findings on Oct. 10, 1944, wero: red blood cells, 1.25 million; white blood cells, 
210; hemoglobin, 4.1 grams. 

Urinalysis on Oct. 9, 1944, revealed: specific gravity, 1.010; albumin, trace. 

On Oct. 9, 1944, a sternal marrow study showed marked reduction in all nucleated 
elements as well as platelets. A blood culture was negative at this time. 

On Oct. 10, 1944, an x-ray revealed a small contracted spleen and negative chest. On 
Oct. 11, 1944, blood cultures showed large gram-negative rods; additional cultures of blood 
revealed similar growths. On Oct. 12, 1944, a positive agglutination was obtained with- 
Friedlander’s bacillus Group A sorum. The organism was noncapsulated. The patient 
died on this day. 

There was nothing in the patient's history to indicate that she ever had been ex- 
posed to any hematopoietic toxin other than thorium dioxide. 

Necropsy . — The body was that of a well-developed somewhat emacinted colored woman. 
A few depigmented areas were seen over the anterior aspect of both lower extremities. 
A well-healed linear scar was found in the upper right abdominal quadrant. There was no 
cyanosis, edema, jaundice, or lymph node enlargement. Pin-point petechiae were present 
over the chest. No free fluid was found in tho peritoneal or pleural cavities. Thoro were 
adhesions between the abdominal scar and tho transverse mesocolon. Tho liver extended 
3 cm. below the right costal margin and tho spleen was very small. The apex of the left 
lung was bound by stringy fibrous adhesions to the parietal pleura. The heart weighed 
o20 grams and was flabby in consistency. There was no hypertrophy or dilatation of the 
chambers and the valves were negative. The coronary vessels were patent and showed 
only an occasional atheromatous plaque. The lungs together weighed 800 grams and were 
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edematous and congested, the left lower lobe showing some bronchopneumonia. The liver 
weighed 1,400 grams and was congested with slight peripheral “nutmegging.” Fifteen 
to twenty pea-sized, dark green calculi were found in the gall bladder; these were soft and 
friable. The spleen weighed 15 grams, had a wrinkled thickened capsule, was rubbery in 
consistency, and on section showed a delicate grayish white dense framework. The pan- 
creas and adrenals were negative. The kidneys together weighed 250 grams. Their cap- 
sules stripped easily and showed pale red surfaces. The corticomedullary ratios and de- 
marcations were not disturbed. A slight- white grayish streaking was present in the 
cortices. The pelvis showed pin-point hemorrhages. The uterus had a pedunculated fibro- 
myoma, 2 cm. in diameter, and the left ovary contained a hazelnut-sized cyst. A few 
hemorrhagic areas were seen in the stomach and the large bowel on their mucosal surfaces. 
A rubbery blood clot, which was firmly attached to a hemorrhagic area, was found in the 
peripyloric region. The thyroid was enlarged and nodular. Nodules were seen which were 
encapsulated; some had undergone cystic degeneration. The bone showed osteoporotic 
trabeculae and pale gray somewhat moist marrow. 




IZ\stopathology . — The section of uterus shows a typical fibromyoma. There is hpo 
* matosis and congestion of the pancreas. TubulaT degeneration and desquamation of the 
kidnoy with \ascuoIization of the glomeruli and beginning nephrolosclerosis is found. 
Scattered necrotic areas surrounded by lymphocytes are in the liver; there are however, 
no giant cells. Around these areas and about the central veins and portal fields is a gray- 
ish dark translucent pigment. Pigment is also seen in hepatic and KupfTer cells. There 
is widening of trabeculae in the spleen and marked fibrosis of the pulp. Large amounts 
of grajish dark translucent pigment are present in the pulp and capsule (Tig. 1). 

The splenic capsule is thickened and fibrotic. The lung tissues show focal areas of 
emphjscmn. and other areas of focal fibrosis and congestion. The adrenals arc partlv 
autohred. A mediastinal lymph node contains ca«eous necrosis and foci of fibrous and 
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congestion. A grayish dark translucent pigment is seen here also which does not appear 
to be anthracotic. The ovary shows focal fibrosis. The heart shows myocardial fragmen- 
tation. The bone marrow is aplastic and contains dark gray translucent pigment (Fig. 2). 

Radioactivity . — The radioactivity of samples of the bone marrow and spleen 
were determined by one of us (W. D. U.). This was accomplished with a 
special design of Geiger-Mueller counter in such a way as to afford comparisons 
with standard preparations of thorium by the alpha particle plus beta ray 
count and independently by the gamma ray count. 

In addition to these two methods of malting the comparison, the tissues 
were examined in two states. For the preliminary measurements the formalin 
was removed and the tissues were dried and powdered. For the final determi- 
nations the powdered tissues were ignited at 800° C., leaving only the inor- 
ganic oxides of the radioactive and other materials. In Table I under the 
fifth column is shown a good agreement between the content of thorium oxide 
determined on the dried tissue and on the ignited residues. In Table I also 
is demonstrated an abnormally high content of inorganic material (7.9 per 
cent by weight) in the bone marrow, not all of which is thorium oxide a’s 
shown in the sixth column of the table. 


Table I. Content of Thorium Oxide by Weight in Two Tissues Following 
Administration of Thorotrast 


TISSUE 

! 

STATE OF 
SAMPLE 

TER CENT OF 
THORIUM 
OXIDE IN 
SAMPLE 

PER CENT OF 

sample IN 

ORIGINAL 
' TISSUE 

TER CENT OF 
THORIUM 
OXIDE IN 
ORIGINAL 
TISSUE 

PER CENT OF 
ALL OTHER 
INORGANIC 
OXIDES IN 
ORIGINAL 
TISSUE 

Bone marrow 

Dried 

23.0 

22.10 

5.10 



Ignited 

60.0 

7.90 

4.80 

3.10 

Spleen 

Dried 

1.2 

23.20 

0.28 



Ignited 

42.0 

0.59 

0.25 

0.34 


Thorium, like uranium, is the progenitor of an established series of a 
number of radio elements. Radium is but one of these elements in the uranium 
series. The radioactivity of a sample of thorium arises largely from the dis- 
integration of a succession of radio elements each derived in turn from its 
preceding parent. In old preparations, such as the standards used here, equi- 
librium will have been established and the average number of disintegrations 
in a given time will be the same for all the members. This is not true if the 
preparation has been disturbed chemically, but it is unfortunate that, from 
the viewpoint of the clinical use of thorotrast, the radioactivity of a prepara- 
tion of thorium can never be reduced below about one-half of the maxium 
because an important member of the series (namely, radiothorium) is chem- 
ically identical with thorium itself (an isotope). 

A comparison of the gamma ray measurements and the alpha particle plus 
beta ray determinations on the tissues in this case indicated that the thorium 
oxide had been undisturbed chemically for about nine years. This calculation 
was performed without knowledge of the case history, and it is a gratifying 
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Table 3X Density of Radiation in Two Tissues Expressed as Total Emission of Each 
Type of Bay Per Minute Pep. Gram op Tissue in Formalin State 


type of radiation 
Alpha particles 
Beta rays 

Gamma rays (primary) 


bone marrow j spleen 

43,300 2,200 

25,800 1,300 

28,000 1,400 


confirmation of the measurements to note tliat administration of the thoro- 
trast occurred 10.2 years before the date of the radioactive determinations. 

The density of the radiation to which the tissue was being subjected was 
calculated for the three types of radiation from the data in Table I and the 
known radioactive constants for the elements in the thorium series, taking 
into account the state of radioactive equilibrium after nine years. The results 
are given in Table 31. 

Not all the rays of a given type in Table II possess equal energies. In 
studies of the pathologic effects of radiation a definite physical unit for the 
energy generated should he employed. Such a unit is the ergs per hour per gram 
of dry tissue. For the thorium series, after nine years, the energy per thorium 
alpha particle plus that of the alpha particles and beta rays from the decay 
products is 44 x 10' 6 erg. The energy derived from the gamma rays is neg- 
ligible and in any case is not dissipated locally as will he discussed. On this 
basis the thorium oxide in 1 Gm. of dried hone marrow produced 123 ergs per 
hour and 1 Gm. of dried spleen 6.3 ergs per hour. Some of this energy may be 
lost to the tissue by exhalation through the lungs of the sixth element in the 
series which is a gas (namely, thoron) ; however, according to measurements on 
the exhalation of radon, 1 an isotope of thoron, there could not he more than a 40 
per cent reduction in the energy of radiation received by the tissue. 

According to the literature 10 ' 23 numerous examples of acute symptoms have 
been observed, where the dosage of radiation energy in the' body tissues, for 
comparable lengths of time, was even less than in the spleen in this case. 

Radiation from thorium: Thorium dioxide, the agent used in this case for 
diagnostic purposes, is usually marketed as thorotrast, a colloidal sol of thorium 
dioxide (25 per cent). As far as radioactivity is concerned, there is no differ- 
ence, except for the numerical values of the radioactive constants, between tho- 
rium and the members of its series and uranium and its members, one of which 
is radium. Both series emit all of the same three types of rays, alpha particles, 
beta rays, and gamma rays. The alpha particle is a positively charged nucleus 
of a helium atom and possesses comparatively great kinetic energy by virtue of 
its mass and high velocity of 12 to 18 thousand miles per second. However, this 
energy is completely dissipated in a very short distance, not more than a few tens 
of microns in tissue. Beta rays consist of electrons of much smaller mass but 
greater velocities approaching that of the speed of light. Their maximum energy 
is on the average about %o of that of the alpha particles, but some travel up to 
Ve mm. in tissue before this energy is completely dissipated. Gamma rays are 
quanta of energy, similar in all respects to x-rays except for the much higher 
frequency of vibration. They travel with the speed of light and most of them 
possess sufficient energy to pass completely through the human body. The bio- 
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logic effects of alpha, beta, and gamma rays are said to be correlated in the fol- 
lowing numerical values: 10,000, 100, and 1, respectively. 

It is important to realize from what has just been said that there is a very 
great difference between the external and internal application of one and the 
same source of radiation in the type and degree of radiation to which the parts 
of the body may be subjected. The human body can be subjected without harm 
to surprisingly large quantities of radiating material placed in its immediate 
vicinity for short periods of time; time is an important clement. The reasons 
for this are: (1) gamma rays are the only ones which effectively enter the body 
tissues on external radiation (except in the case of proximity to a cyclotron 
or fission process when a large and hazardous dose of neutrons may be experi- 
enced in addition to gamma radiation), and (2) the body receives onlj r that 
part of the radiation within the solid angle subtended with the source. The 
same quantities administered internally have often proved fatal. 

In internal administration of material such as thorium, ivkose decay prod- 
ucts emit all three types of rays, the toxic effects within the body tissues aTe 
due almost entirely to alpha particles. The action of the gamma rays is neg- 
ligible, and by comparison with the effects of the alpha particles, the action of 
the beta rays can be dismissed as minimal. 

THE DISTRIBUTION AND ACTION OF ADMINISTERED THORIUM 

The distribution of thorium is dependent upon the route of administration. 
Following intravenous injection it is first taken up by capillary endothelium 
and then phagocytized by the cells of the reticulo-endothelial and hemato- 
poietic systems, including liver, spleen, bone marrow, lymph nodes, lungs, 
gonads, suprarenals, and placenta, but it is not transmitted to fetus. 5 ’ *■ 20 ' 2! 

The excretion of the thorium is comparatively rapid from the' liver and 
spleen; however, its diminution from bone marrow is extended over a long 
period of time, portions of the administered material remaining indefinitely in 
the marrow. Following disintegration of the thorium into its corresponding 
series of elements, thoron, a gaseous radio element, is eliminated by the 
lungs. Partial excretion of the thorium dioxide takes place through the 
kidneys. 3 ’ 8 ’ 9 ’ 16 ’ 21 

In the liver the Kupffer cells and hepatic cells are seen to hold quantities 
of thorium, while the monocytic cells and sinusoidal spaces of the spleen con- 
tain thorium after its administration. 3 ’ 8 ’ 8 > 10> 20 ‘ 22 

The irritative and destructive effects with concomitant fibroblastic pro- 
liferation and regenerative hyperplasia result in replacement of normal tis- 
sues, as well as causing cell maturation arrest and interference with nuclear 
mitosis. Subsequently abnormal cellular elements appear. 3 ’ 20 

The grayish dark translucent pigment found in the bone marrow, liver, 
spleen, and lymph nodes corresponds to the usual classical pathologic descrip- 
tion of thorotrast in the tissues. This histopathologic observation, as well as 
the studies of the radioactivity, demonstrates the presence of thorium in this 
case. The mechanism of the development of aplastic anemia is well confirmed 
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in the literature as arising from the radiation of hematopoietic tissues, and it 
may he presumed that such a mechanism was operative in this case. 

The problem remains to establish an explanation for the fact that many 
patients suffer no harmful effects following the use of radioactive material. 
We cannot offer an explanation other than that which is discussed by others, 
namely, that there is an individual susceptibility to the radiation. However, 
we do propose that, besides individual susceptibility, there may be differences 
in the mode and speed of excretion in different persons which cause retention 
of more radioactive material in some than in others. 

SUMMARY AND CONCLUSIONS 

The existence of an aplastic anemia in our case is established beyond 
doubt. Measurements of radioactivity in the formalin-fixed tissues verify with 
equal certainty the presence of radioactive material in the body. In addition, 
histopathologic appearance of liver, spleen, and bone marrow sections reveals 
a grayish black diffusely distributed pigment within the sections, which ac- 
cording to present knowledge could be diagnosed only as being thorotrast. An 
attempt has been made to deduce that the radiations arising from the thorium 
series of radio elements could have been responsible for the aplastic anemia 
and fatality. 

The literature concerning the toxicity of radioactive materials is reviewed 
so as to demonstrate the actual occurrence of untoward effects. Also, a brief 
resume of the action of thorium in the body is undertaken in the hope that it 
may clarify the actual participation of radioactive agents in pathologic 
changes in the body tissues. 
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STUDIES ON LEUCOCYTE GRANULES AETER STAINING WITH 
SUDAN BLACK B AND MAY-GRliNWALD GEEMSA 

Ralph N. Bailltf, Ph.D., and Cecil Kimbrough, R.T. 

' New Orleans, La. 

I N MANY types of clinical and investigative work, it frequently becomes neces- 
sary to locate lipids in tissues. Several types of dye can be used for this pur- 
pose but those of the sudan series, particularly sudan III and IV, have become 
especially popular. When frozen sections (or other materials which have not 
been subjected to the action of fat solvents) are stained vrith a solution of one 
of these dyes, the lipid inclusions are specifically reddened. The density and 
shade vrith which these inclusions are colored depend somewhat on the technique, 
the chemical nature of the lipid, and the particular lot of dye. About a decade 
ago Lison 1 discovered that still another member of this dye family, sudan black 
B, can be successfully employed as a histologic lipid stain. After treatment 
with a solution of this stain, lipid inclusions are specifically blackened. 

In his original paper Lison 1 discusses in detail some of the technical prob- 
lems associated with the use of red dyes. He notes that when inclusions are 
stained in red (that is, with sudan III or IV) there is no common cytoplasmic 
die which brings them into satisfactory contrast. If the inclusions are large 
and/or numerous, lack of sharp contrast is not particularly detrimental; should 
they be small and few, however, this factor adds to the difficulty of locating and 
studying them under the microscope. Optical differentiation, thejiuthor points 
out, is greatly improved by use of sudan black B, for the blackened lipid masses 
are sharply contrasted by any of the common cytoplasmic stains. 

Sudan black B has been used not only on tissue sections but also for stain- 
ing of bacterial films (Hartman 1 and Burdon and associates 3 ) and blood films 
(Sheehan*). We shall be particularly concerned with the latter type of 
preparation in the present investigations. 

In his rather brief report Sheehan 4 has noted that definitive granules of 
both mature and immature leucocytes are blackened by exposure to sudan black 
B, while other parts of these cells are unaffected. With his technique, granules 
of eosinophile leucocytes, for example, appear to stain only on their surfaces, 
giving one the impression that they are hollow in nature. This author has found 
also that some myeloblasts contain sudanophilic granules while others are en- 
tirely sudanophobic in reaction. 

The foregoing method for staining leucocyte granules is, however, of lim- 
ited usefulness because of the difficulty of accurately identifying the cells con- 
cerned. This is especially true of immature leucocytes where finer details of 
cytoarchitccture and tinctorial reaction are prime criteria for differentiation of 
cell types. 

From the Department or Anatomy, Louisiana State University School of Medicine. 
Deceived for publlcaUon. Nov. S, 1016. 
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It is often found that the dye combinations commonly used for staining 
blood films are not entirely adequate for study and differentiation of various 
granular inclusions in leucocytes. For this reason an attempt was made to de-. 
vise a combined technique, wherein a well-standardized method (May-Griimvald 
Giemsa) was used to bring out the main structural features of leucocytes and 
a relatively new dye (sudan black B) to stain their granular inclusions. It will 
be shown later that this combined technique retains most of the advantages of the 
May-Griimvald Giemsa method and at the same time brings out granule morphol- 
ogy especially well. 

In testing this new method, paired films of normal and pathologic blood 
were made; one member of each pair was stained with May-Griimvald Giemsa 
and the other with the sudan May-Griimvald Giemsa combination. Comparisons 
then were made on leucocytes in the two types of preparation, and an attempt 
was made to determine the effects of the sudan stain. Later, some films were 
stained with sudan alone (as suggested by Sheehan) and used to check the 
findings. By these methods we were able to note that certain features of leuco- 
cyte morphology can be most profitably studied only after preparation of films 
by the combined technique. 


MATERIALS AND METHODS 

After a number of trials it was found that dried blood films can be ad- 
vantageously studied after fixation in formalin-alcohol and staining with sudan 
black B and May-Griimvald Giemsa. These films were treated in the following 
manner: 

1. Fix thoroughly dried (preferably for twenty-four hours) blood films for 
five seconds in a mixture of : 

Formalin 10% 

95% ethyl alcohol 90% 

2. Wash in distilled water and dry. 

3. Stain with sudan black B solution at room temperature for one-half to 
one hour. The solution is prepared as follows : 

a. Sudan black B powder* to saturation in 70 per cent ethyl alcohol. 

b. Preferably allow the solution to stand at least twenty-four hours be- 
fore using. 

c. If a darker staining is desired, the process can be carried out at 
37° Centigrade. 

4. Stain with May-Griimvald Giemsa in the following manner : 

a. Flood the slide with the May-Griinwald mixture and allow to stand 
for three minutes. This procedure appears to lend greater sharp- 
ness and clarity to the Giemsa stain. 

b. Cover the slide with neutral distilled water and allow to stand 
for one minute. 

c. Drain without washing. 

•National Aniline Division, Allied Chemical & Dye Corporation, New fork, N. V. 
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d. Cover with dilute Giemsa mixture (one drop of stock solution to 
1 c.c. of water) and allow to stand for ten to fifteen minutes. 

e. Wash in distilled water and dry. 

This procedure gives a preparation in which erythrocytes are stained slate 
gray to black. As Sheehan has already noted, these structures are markedly 
distorted when fixation is omitted but are well preserved when it is used. We 
believe that leucocytes are also more faithfully preserved after initial fixation. 
Since no new structural features of erythrocytes are brought out by the sudan 
technique, they will not be considered further at this time. 

' Two main sources were used in securing blood for the subsequent studies : 

1. Repeated films were made from blood of five normal individuals. These 
films were usually stained alternately, one with May-Griimvald Giemsa and one 
with sudan May-Griinwald Giemsa, and the two types of preparation compared 
by successive studies under the microscope. 

2. Films were also prepared from several types of blood dyscrasias* : 

a. Two cases of secondary anemia. 

b. Two cases of pernicious anemia. 

c. Three cases of acute lynfphatie leueemia. 

d. One case of chronic lymphatic leueemia. 

e. Five cases of acute myelogenous leueemia. 

f. Three eases of chronic myelogenous leueemia. 

g. Three cases of acute infectious mononucleosis. 

h. Two cases of pneumonia -with eosinophilia. 

In using the previously mentioned preparations, no attempt was made at a 
pathologic study per se, but special attention was directed toward identification 
of individual leucocytes and examination of their granular content. 


OBSERVATIONS AND DISCUSSION 


Studies on Normal Blood . — When one examines blood films stained by 
suden black B only, he encounters occasional groups of sharply blackened gran- 
ules; only by markedly decreasing the field illumination can he determine that 
these bodies are actually enclosed by the cytoplasm of otherwise unstained gran- 
ulocytes. Despite the difficulty of using such films, they are sometimes valuable 
as an aid in examination of individual granules since they are there exposed in 
maximum contrast, that is, black against a tan, yellow, or colorless background. 
In this type of preparation one finds that the stained inclusions differ with re- 
spect to size, shape, stainability, and distribution in various leucocytes and that 
these differences are characteristic for the granulocyte cell types. 

Successive examinations of May-Griinwald Giemsa and sudan May-Griin- 
wald Giemsa-stained blood films indicate that the two types of preparations dif- 
fer only with respect to the granular content of their leucocytes. Preliminary 
fixation and staining with sudan in no wise affect the tinctorial properties of 


r, ,, ’These slides were furnished through the courtesy of Dr. Philip Pizzolntn 

Pathology, Charity Hospital of Louisiana, New Orleans. La., and the late Dr’ LeparUnent of 

° r Pediatrics. Louisiana State University School of Medicine. New Orleans t*?' 
The diagnoses were made by Dr. Flzzolato. ^ urieans. La. 
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other cell constituents. For this reason it is possible to use nuclear architecture 
and color reaction as an aid in identifying various cells. Again, all cytoplasmic 
granules of nonspecific nature are unaltered by exposure to the .sudan dye. 

After preparation of a normal blood film by the sudan May-Griinwald 
Giemsa technique, ncutrophile granules are well preserved and clearly de- 
marcated from the surrounding cytoplasm. Under these conditions they ap- 
pear to be of constant size and tinctorial properties, staining slate gray. Any 
apparent variability in size or color is due to the fact that they tend to collect in 
groups within the cytoplasm, and the observer is sometimes forced to examine the 
elements in superimposed state. Such granular complexes may have irregular 
margins and deeply staining centers. When the granules are isolated within 
the cell, however, each is spherical in form and sharply demarcated from sur- 
rounding cytoplasm. 

The total number of ncutrophile granules per cell varies considerably even 
under normal conditions. This variability cannot be correlated with any feature 
such as the number of nuclear lobes or total cell diameter. When few in num- 
ber, the granules tend to collect in a zone adjacent to the centrosphere, leaving 
the cytoplasmic periphery relatively clear. As their number increases more are 
crowded toward the cytoplasmic membrane. Grouping of individual elements 
may be encountered in any part of the cytoplasm. 

Granules of normal eosinophile leucocytes are well demonstrated in sudan 
May-Griinwald Giemsa-stained blood films. It is common to find eosinophile 
granules so crowded in the cytoplasm that one is sometimes forced to search for 
an isolated element. Under favorable conditions, however, each granule is 
found to consist of a deeply blackened shell and a clear, unstained core. There 
is a sharp line of demarcation between the two regions. In eosinophiles which 
have been deeply stained by the acidophilic components of the May-Griinwald 
and Giemsa mixtures, the sudanophobic cores are pink in color. 

The granules of a majority of normal eosinophiles are spherical in form. 
In a few instances, however, they are shaped into oblate spheroids or plump 
spindles. This corroborates the findings of Downey 5 and others for cor- 
responding granules in animal leucocytes. Either type of adspherical gran- 
ule has a sudanophilic shell of rather constant thickness and a sudanophobic 
core whose form simulates that of the granule as a whole. Especially in spindle- 
-shaped forms there is a marked condensation of sudanophilic material in the 
poles of the granule ; these densely blackened regions gradually merge with the 
remaining portions of the shell. 

Basophile leucocytes from normal blood are difficult to study because of 
their scarcity, but at least one was eventually located in each prepared film. 
The mast granules appear to be morphologically and tinetorially identical in 
sudan May-Griinwald Giemsa and May-Griinwald Giemsa-prepared films. As 
is well known, these metachromatie bodies are colored deeply purple or purplish 
black with the usual hematologic stain combinations. Since this color is not 
strikingly different from the gray or blue black imparted to most leucocyte in- 
clusions after exposure to sudan black B, one at first hesitates to state that mast 
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granules are entirely sudanophobic. Careful studies have been made on fLxns 
stained with the sudan alone, however, and no basophile granules appear there 
in stained condition. We shall have occasion to consider them again in our 
studies of pathologic blood (vide infra). 

Agramilocytes (lymphocytes of all si2es and monocytes) are readily found 
in normal blood films prepared by .the sudan May- Griimval d Giemsa technique. 
These cells are identical in all particulars with those seen in preparations stained 
with May-Griinwald Giemsa alone, that is, they are quite unaffected by ex- 
posure to sudan black B. . 

In any adequately stained preparation of normal blood, one is frequently 
able to find azurophilic granules in both monocytes and lymphocytes. As is well 
known, these inclusion bodies show considerable variability in size, many ranging 
downward to the lower limits of microscopic visibility. With the usual hem- 
atologic dye combinations they stain in color values from brick red to reddish 
violet. Exposure to sudan black B appears to alter their tinctorial properties 
but little. It is possible that they become darker in tone, but this change is not 
of sufficient degree to preclude the possibility of subjective error. 

Studies on Abnormal Blood . — No conceited attempt was made in these stud- 
ies to differentiate the various blood dyserasais; attention was primarily centered 
on cell identification and on examination of the cytoplasmic granules in various 
immature and pathologic leucocytes. 

Blood films from several types of secondary anemia were studied both after 
staining by the May-Griinwald Giemsa and sudan May-Griinwald Giemsa tech- 
niques. In general, no strikingly new features in their leucocyte granules were 
revealed by exposure to the sudan stain. In one case there were numerous 
well-marked toxic neutrophiles whose granules were large and unusually baso- 
philic in reaction. These granules were readily identified in the sudan prepara- 
tions as discrete, densely blackened bodies. It will be remembered that normal 
neutrophile granules are expected to be slate gray after staining with this dye; 
thus, toxic alterations in the granules are reflected by an increase in their sudan- 
ophilic power. 

In all cases of pernicious anemia followed in these investigations, it was 
possible to identify at least a few of the so-called “pernicious anemia neutro- 
phile leucocytes. ’ ' Their granules are larger than those of normal polymorpho- 
nuclear cells and tend to be more acidophilic in reaction. Treatment of these 
blood films with sudan black B reveals that the pernicious anemia neutrophile 
granules are but lightly sudanophilic, staining a light gray. Despite this mild 
chromatophilia, however, they are well demarcated and sharply outlined in the 
surrounding cytoplasm. 

Blood films from four lymphatic leucemia cases were carefully studied in 
an effort to identify accurately as many of the leucocytes as possible. It was 
found that in both acute and chronic lymphatic leucemia none of the markedlv 
abnormal leucocytes were sudanophilic. Especially in the acute form there ap- 
peared greatly increased numbers of lymphocytes and lymphocytoid cells. Some 
of these pathologic dements have basophilic cytoplasm and large, pale nuclei 
whose chromatin is laid down in a rather sievelike pattern. Nucleoli mav or 



160 


BAXLtiXF AND KXMBROUGn 


may not be present. Comparison of May-Grunwald Giemsa and sudan May- 
Grunwald Giemsa-stained slides from these eases reveals no differences in the 
previously mentioned cells. A small number, of them are granulated to some 
degree. The inclusions are irregular in size, distribution, and tinctorial prop- 
erties, but in all instances they are quite unaffected by exposure to sudan. At 
least some of these pathologic' lymphocytes can be identified as frank stem cells, 
and it is interesting to note that in our preparations they are invariably sudan- 
free. 

The leucocytes from eight cases of myelogenous Icucemia showed marked 
variability of reaction to sudan black B stain. As was found in our lymphatic 
leucemia studies, none of the stem cells contained sudanophilic granules (Fig. 1) ; 
with few possible exceptions, the leucoblasts were also sudan -free. On the other 
hand, promyelocytes of both the neutrophile and eosinopliile series were noted to 
contain sudanophilic bodies in considerable numbers (Fig. 2). 



Fig’. 1. — Blood film from a case of 

of the figure la an eosinophile metamyelo ■ . ■ 

definitive eosinophile granules arc sharply ■ , 
which stain with the sudan. 


leucemia. The cell on the right 
m the left a late stem cell. 
the stem cell contains no granules 


.. . The cells shown In Figs. 1 to G were found In blood films which had been fixed In forma- 

lin-alcohol and stained with Sudan May-GrUnwald Giemsa. All are magnified 1G10X. 


Early neutrophile myelocytes have highly variable numbers of cytoplasmic 
granules but in all cases are somewhat sudanophilic from the time of their in- 
ception. During maturation through the myelocyte and metamyelocyte stages 
of development, these bodies increase but little in size although their staining 
power is considerably augmented (Fig. 3). As early as in the myelocyte form, 
some of the granules appear as slate-gray spheres, but the majority do not stain 
in this manner until almost complete maturation has been accomplished. Es- 
pecially in myelocytes one first notes that these granules tend to collect in 
groups. 
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Promyelocytes of the eosinophile series likewise contain sudanophilic gran- 
ules. From the time of their formation many are notably larger in size than 
their neutrophilic' counterparts and can he differentiated from them on this basis 
alone. 'With maturation the eosinophile granules become progressively more 
stainable, but the chromatophilia is confined to their peripheries. In most 
myelocyte and in a few promyelocyte granules, one can make out the darkly 
staining shells and nonstaining cores. The sndanophilia of these shells con- 
tinues to increase until full maturation of the cell has been completed (Fig. 4) . 



Fig. 2. — In this figure are shown a number of cell types In a film from a case of acute 
myelogenous leucemta in extremis. At the extreme right is a stem cell; its cytoplasm contains 
no sudanophilic granules. At the left is a late leucoblast or early promyelocyte, probably of 
the neutropblle series. This latter cell Is surrounded by a number of promyelocytes and myelo- 
cytes of variable size. Note In these cells that the developing definitive granules are densely 
sudanophilic. The Intercellular debris Is composed chiefly of cell fragments. 


Immature leucocytes of the basopbile series are identifiable in films from 
our cases of myelogenous leucemia. Repeated studies have led us to the con- 
clusion that their granules are never sudanophilic at any stage of development. 
The mast promyelocyte typically contains granules which stain in some value of 
gray, both in the May-Griinwald Giemsa and Sudan May-Griinwald Giemsa- 
stained preparations. One might consider that this shade is due to slight sudano- 
philia, but comparison of the two preparation types fails to show that exposure 
(o sudan causes any change in their tinctorial properties. For this reason we 
believe that they are stained only by the secondary dye mixture. Progressive 
basophilia and metachromasia were noted as these granules appear in more ma- 
ture forms. 

One of the cases of myelogenous leucemia deserves special mention in that 
the first films of the patient’s blood were taken when he appeared at the hospi- 
taHn a sudden clinical crisis. At the time of admission the blood count indicated 
123,000 leucocytes per cubic millimeter; a few of these were stem cells and leuco- 
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blasts. Promyelocytes, myelocytes, and metamyelocytes were numerous and 
easily identified. During the course of hospitalization, the initially high leu- 
cocyte count rapidly subsided and accompanying cytologic changes could be 
followed from the blood films. 



Fig 3 . — A late metamyelocyte of the ncutrophllc series from n case of chronic miclMJ 
enous leucemia. Note the small size of the individual granules and that in Borne P‘ acL 
Granules are collected Into Groups. 



> F ie ' } — ^ a , r Be eosinophlle from a case of acute myelogenous leucemia. This cell 
almost mature and has numerous 'well-differentiated cytoplasmic granules. Each granule » 
composed of a deeply blackened shell and an unstained core region. 


As the crisis period neared its close, the great majority of pathologic leuco- 
cytes became involved in a degenerative process which culminated in their 
destruction and disappearance. This process was characterized by nuclear py e_ 
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nosis and cjinplasmic fragmentation. Within a period of about two weeks time, 
the patient’s blood picture had returned almost to normal and he was discharged 
from the institution. Periodic re-examinations of the blood revealed a slow but 
progressive increase in the number of circulating leucocytes and a rise in the 
number of immature elements. 

During the recovery phase briefly described, granules in the degenerating 
leucocytes showed marked changes in their sudanophilic power. It appears that 
the advent of cytologic disintegration is accompanied by loss of sudanophilia in 
such manner that the granules disappear while the cells are still superficially in- 
tact. This same process can be seen occasionally in isolated cells from nearly all 
leucemic blood. 



Fir. 5. Fir. 6. 

Fig*. 5. — An eosinophile taken from a case of pneumonia with eosinophilla of unknown 
etiology. In this instance the definitive granules are neither sharply demarcated nor densely 
sudanophilic. Many of the granules do not clearly show the core and shell regions. 

Fig. 6. — A monocytoid lymphocyte from a case of infectious mononucleosis in the acute 
Phase. Note in the cytoplasm that there are several colorless vacuoles and various granules 
or Inconstant size. These granules are entirely sudanophobic in reaction. 


Two cases of pneumonia with eosinophilia of unknown etiology were exam- 
ined in this series. The circulating eosinophiles were, respectively, 18 and 26 
per cent of the total white count. Sudan May-Griinwald Giemsa-stained Hood 
films revealed that many of these eosinophiles were markedly abnormal in that 
they contained many imperfectly formed grayish granules (Fig. 5). In these 
bodies the shell and core regions were frequently undemonstrable in that the 
entire granule was weakly and diffusely stained. A few granules appeared to 
attain full maturity as expressed by normal tinctorial properties. 

Blood films obtained from three eases of acute infectious mononucleosis in 
the acute phase were alternately stained by sudan May-Grunwald Giemsa and 
May-Griinwald Giemsa techniques. As is well known, there is still some doubt 
as to the identity of certain mononuclear cells which appear in the circulatin'* 
Wood during this disease. Many investigators such as Downey and Stasney® now 
believe that these elements arc pathologically modified lymphocytes. In our 
preparations we were readily able to find the coarse chromatin strands and 
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masses •within their nuclei and to note that these structures were not sharply 
demarcated from the parachromatin substance. These features have been em- 
phasized already by the previously mentioned authors. The cytoplasm of the 
pathologic lymphocytes was tjqoically basophilic in reaction, sometimes markedly 
so, and occasionally contained colorless vacuoles (Pig. 6). 

In a few instances the abnormal cells in these cases of acute infectious mono- 
nucleosis were noted to contain cytoplasmic granules of considerable size and 
number. "With the usual hematologic stains, these bodies superficially resemble 
immature neutrophile or even eosinophile granules. Exposure of such cells to 
sudan black B does not alter their appearance in any respect, that is, they are 
entirely sudanophobic in reaction. It now seems probable that they are derived 
from granules of the azurophile series. 

Prom the preceding discussion it can be seen that sndanophilia occurs in 
many of the same leucocyte forms which are known to have positive oxidase and 
peroxidase reactions. Despite the many studies on these leucocytic enzymes, 
there is still considerable divergence of opinion as to the significance of their 
presence (see Michels 7 ). Notwithstanding, many investigators still follow 
the concept of Naegeli 8 who believed that leucocytes of myeloid and lymphoid 
origins could be differentiated on the basis of the foregoing reactions. He held 
that myeloid leucocytes are oxidase and peroxidase positive while those of 
lymphatic origin are oxidase and peroxidase negative. The same general prin- 
ciple has been applied to immature forms, even to those as far back as the stem- 
cell stage. 

Other investiagtors such as Weil and Isch-Wall, 9 in contrast, have been un- 
able to determine that oxidase and peroxidase reactions are consistently positive 
in myeloblasts. Due to the scarcity of stem cells in some bone marrows, much 
of this investigation has been carried out on pathologic blood. For this reason 
it is frequently assumed that when these reactions are negative in cells of myeloid 
origin, the responses are prevented by pathologic changes in the affected cells. 

We have stained films of leucemic blood by the methods of Goodpasture 10 
and Graham 11 for peroxidase and by the method of Sehultze 12 for oxidase. In 
these preparations we have studied the immature leucocytes in detail and then 
compared them with corresponding forms stained with sudan May-Griimvald 
Giemsa and May-Griinwald Giemsa methods. By these comparisons we have 
found that, with one possible exception, oxidase- and peroxidase-positive gran- 
ules are consistently sudanophilic. This exception concerns inclusions in stem 
cells. It is not uncommon, for example, to find peroxidase granules in what 
appear to be frank stem cells. These granules tend to be irregular in size and 
variably stained; as such, they might be considered as artifacts formed by 
precipitation of the dye. The most successful sudan May-Griinwald Giemsa- 
stained preparations, on the other hand, are precipitate-free, and any stem cells 
contained therein are also free of blackened granules. Prom these observations 
it would seem that the so-called oxidase- and peroxidase-positive granules axe 
not always sudanophilic; there is still some doubt, however, as to interpretation 
of the oxidase and peroxidase positive reaction. 
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With the possible exception of those in the myeloblast, all leucocyte granules 
•which are consistently oxidase and peroxidase positive are also sudanophilic and 
stain blue black or black. Because of the high degree of contrast so effected, the 
granules can be more easily studied. Again, the sudan-in-alcohol solution is 
stable over considerable periods of time ; this makes frequent solution prepara- 
tion unnecessary. For these reasons it is believed that the sudan May-Griinwald 
Giemsa technique may be profitably substituted for various oxidase and perox- 
idase staining methods. 

Especially in three of our cases of myelogenous leueemia there were found 
considerable numbers of atypical granules in the various immature leucocytes. 
After preparation with May-Griinwald Giemsa, these granules are amphophilic 
in reaction and stain reddish blue or reddish violet. On the basis of their tinc- 
torial reaction, then, they may be considered as modified azurophilic granules. 
In films stained with sudan May-Griinwald Giemsa, they are readily identified 
as bodies identical with those previously described, both as to size and color. 
This means that the granules in question are entirely sudanophobic. They may 
be found in medium and large lymphocytes, monocytes, and occasionally in gran- 
ulocytes as well. Most of them are smaller in size than definitive leucocyte gran- 
ules, and some are so small as to approach the lower limits of microscopic visi- 
bility. Due to the fact that with one exception, the basophile, definitive granules 
are consistently sudanophilic and nonspecific granules sudanophobic in re- 
action, the sudan technique should prove useful in differentiating the two types 
of inclusions in leucocytes. 

As far as is now known, sudan black B is a lipid-specific stain. If this is 
true, definitive neutrophile and eosinophile granules have a lipid component 
which appears at their inception and is progressively augmented during their 
maturation. It is possible that all these granules do not contain exactly the same 
lipid substance, since some (that is, neutrophile granules) are stained in slate 
gray while others (eosinophile granules) are deeply blackened. The function 
of the lipid component is still entirely unknown, but it is invariably found in 
the normal definitive granule. Pathologic forms, on the other hand, are to some 
extent deficient in lipid content, either in quantity or in distribution within the 
granule. 

SUMMARY AND CONCLUSIONS 

Dried films of normal and abnormal blood were stained with sudan black B 
and then treated with the May-Griinwald Giemsa dye combination. The first 
stain was found to blacken specifically the definitive neutrophile and eosinophile 
leucocyte granules and to leave all other cell parts unaffected. Architectural 
features of these cells, such as nuclear pattern, can be stained by a proved method 
(May-Griinwald Giemsa) and used as an aid in cell identification. Similarly, 
the hyaloplasm is also differentially colored so that it serves as an efficient con- 
trast medium for the blackened granules. 

After exposure to the sudan stain, neutrophile granules appear as small, 
spherical slate-gray bodies. They are typically collected into groups within the 
cytoplasm. 
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Eosinophile granules are larger in size than the preceding type and are 
spherical or spheroidal in form. They are composed of a peripheral, deeply 
sudanophilic shell and a central sudanophobic core. These two regions are 
sharply demarcated from each other. 

Basophile granules are found to be sudanophobic in reaction, as are also 
azurophile elements. 

The granular content of some immature pathologic leucocytes is discussed 
briefly, especially with reference to the aquisition of sudanophilia during 
maturation. 

Several types of abnormal granules (from pathologic blood) arc considered. 
It is noted that sudan black B is useful in differentiating certain specific 
(sudanophilic) from nonspecific (sudanophobic) granules, especially when the 
two forms stain similarly with the usual hematologic dye mixtures. 
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A STUDY OF THE STERNAL MARROW AND PERIPHERAL BLOOD 
: OF FIFTY-FIVE PATIENTS WITH PLASMA CELL MYELOMA 

L. W. Diggs, M.D., and Mar.jorie S. Sirridge, M.D. 

Cleveland, Ohio 

P LASMA cell myeloma is a chronic progressive disease which is charaeteidzed 
by multiple- osteolytic plasma cell tumors of hone and diffuse proliferation of 
plasma cells within the marrow, The malignant cells have a predilection for the 
bones which are most active in blood cell formation, such as the sternum, ribs, 
vertebral bodies, bones of shoulder girdle and pelvis, skull, and upper ends of 
the femora and humeri. Infiltration of plasma cells takes place early in the 
course of the disease, and aspiration of material from the sternal marrow usually 
reveals significant changes. 

It is the pui-pose of this paper to summarize the cytologic characteristics 
of the bone marrow and peripheral blood in plasma cell myeloma, as revealed in 
the published literature and in marrow and blood films of fifty-five patients with 
the disease observed at Cleveland Clinic. The diagnosis was established by 
combined clinical, laboratory, radiologic, and marrow findings. Patients with 
unsatisfactory marrow preparations, with inadequate follow-up, and in whom 
the diagnosis was doubtful were excluded. Patients with an increase in plasma 
cells in the peripheral blood (plasma cell leucemia) also were included in the 
series. 

The sternal marrow was collected by biopsy from one patient and from the 
. others by inserting a needle into the marrow space, aspirating from 0.1 to 0.2 c.c. 
of fluid and making films directly, using the coverslip technique. The prepara- 
tions were stained with Wright’s stain. 

bone harrow 

The literature relating to the plasma cell has been well summarized by 
Maximow 1 and Michels, 3 as have the essential clinical and pathologic features of 
plasma cell myeloma by Gescliickter and Copeland. 3 Descriptions of the bone 
marrow films in plasma cell myeloma and the value of the procedure in diagnosis 
and differential diagnosis have been presented by Vogel and associates/ Rosen- 
thal and Vogel, 5 Scott,® Weil and Perles, 7 Doan, 8 Haden and Rumsey, 0 Beizer 
and co-workers, 10 and others. 

The number of plasma cells in bone marrow preparations from patients with 
plasma cell myeloma is variable. This is explained by the fact that the tumors 
tend to be patchy in distribution and there are varying degrees of dilution with 
peripheral blood. The sternal marrow films occasionally fail to reveal an in- 
crease in plasma cells,' 0 hut in the majority of cases there is a significant increase. 
The pe rcentage of plasma cells in the bone marrow films of our series was 
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determined in each patient by noting the number while malting a differential 
count of 300 or more nucleated cells. The lowest percentage of plasma cells 
was 4 and the highest 90. The percentage of plasma cells was greater than 10 
in forty-eight of the cases. The frequency distribution of cases according to the 
percentage of plasma cells is given in Fig. 1. In one patient with plasmocytoma 
of the clavicle, not included in this series, the percentage of plasma cells was 3. 

In normal bone marrow plasma cells are always demonstrable, but their 
number is less than 1 per cent. In 322 unselected bone marrow films from pa- 
tients with a clinical diagnosis other than plasma cell myeloma, the plasma cells 
were less than 1 per cent in 129 cases and less than 4 per cent in 315. 


PLASMA CELLS IN BONE MARROW 55 CASES 



%ploamo cells 

Fig. 1. — Frequency distribution of tlio percentage of plasma cells in the bone marrow f rom 
fifty-five patients with plasma cell myeloma. 

In seven patients the number varied between 4 and 9 per cent. In three 
of these the diagnosis was not definitely established, and the possibility of plasma 
cell myeloma was not excluded. The final diagnoses in the other four patients 
were carcinoma, agranulocytosis, aplastic anemia, and hypochromic anemia due 
to bleeding fibroids. Plasma cell increase in the bone marrow has been described 
in chronic infections, metastatic malignancy, Hodgkin’s disease, the leucemios, 
agranulocytosis, and aplastic anemia. 

An analysis of our patients with plasma cell myeloma did not reveal any 
significant correlation between the percentage of plasma cells in the marrow 
and the duration of symptoms, the degree of anemia, the number of plasma 
cells in the peripheral blood, or the number of grams of total protein or 
globulin in the blood serum. Films with the higher percentages of plasma cells 
tended to have more cytoplasmic debris, but this likewise varied in different 
patients and in different slides from the same patient. 

Plasma cells of all stages of maturation from the earliest undifferentiated 
cells to the more mature forms were encountered. The cells were classified on 
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the basis of nuclear, nucleolar, and. cytoplasmic characteristics into plasmoblasts, 
early plasma cells, and mature plasma cells (Fig. 2). 

The plasmoblast has the characteristics of other primitive cells. This cell 
is larger than the mature plasma cell and has a relatively large round nucleus 
and a light blue, unevenly staining cytoplasm. The nucleus is round and has 
a delicate chromatin pattern and one to four nucleoli. The nucleus tends to be 
eccentric; the nucleolus is usually single, very large, and well defined. The 
cytoplasmic margin is often irregular, and transition forms can be found be- 
tween this cell and the typical plasma cells. 

The early or intermediate plasma cell has a less distinct nucleolus than the 
plasmoblast, the nuclear chromatin is more compact, the cytoplasm stains a 
darker blue, the perinuclear clear zone is more distinct, and the amount of 
cytoplasm in relation to the nucleus is greater. The cytoplasm stains unevenly 
and the shape is irregular. 



Fis 2 — A, PlasmoWast : B, Early plasma cell ; C, Mature plasma celL 


The mature plasma cells seen in plasma cell myeloma resemble those seen 
in normal bone marrow and in numerous other conditions. The cell is usually 
oval and is slightly larger than the neutrophilic leucocyte. The nucleus is rela- 
tively small, eccentric, round, and has a paehychromatic structure. The so-called 
cart wheel nucleus, which is often described as being typical of this cell in tissue 
sections, is seldom seen in dried blood films stained with Wright’s stain. There 
is a prominent, relatively unstained area near the nucleus. The cytoplasm stains 
an intense blue and often has a greenish cast. In some of the cells the cyto- 
plasm may stain so darkly that no structure is \isible, hut in the majority of 
cells the cytoplasm has a fine, interlacing linear structure or there are ill-defined 
amorphous bluish flecks. Plasma cells are often spoken of as having a granular 
cytoplasm, but well-defined granules such as are observed in neutrophilic and 
eosinophilic myeloid cells are not seen. In some cells the cytoplasm appears 
foamy or there may be multiple vacuoles of various sizes. A collarlike layer 
of clear hyaline material may be seen sometimes at the periphery of the cell 
or the outer portion of the cell may be light and relatively structureless with 
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hairlike bluish strands extending into this area from the darker stained central 
portion of the cell (Fig. 3D). Homogenous spherical bodies, usually acidophilic 
but staining various shades of red to blue (Russell bodies,), are occasionally 
demonstrable (Fig. 40). The mature plasma cell and its progenitors react nega- 
tively with peroxidase stains. 




The distribution of plasmoblnsts, early plasma cells, mature plasma cells, 
and atypical forms in each of our patients was determined by analvzing 100 
plasma cells. The results are graphically represented in Fin. 5. It is noted that 


172 


DIGGS AND SntRIDGE 


plasmoblasts are present in varying numbers in forty-three eases, that the early 
forms are found in all films, and that atypical cells are present in significant 
numbers in the majority of eases. Cells showing degenerative changes were 
included with the atypical cells. 


%1Q0 



■■I PLASMOBLASTS 
CZ3 EARLY PLASMA CELLS 


MATURE PLASMA CELLS 
ATYPICAL PLASMA CELLS 


Fig-. 5.- 


-The distribution of plasmoblasts, early plasma cells, mature plasma cells, and atypical 
forms in flfty-flvc patients with plasma cell myeloma. 


In plasma cell myeloma there is evidence of increased and abnormal cell 
division. Mitotic figures are usually demonstrable and cells with multiple nuclei 
common (Pig. 4A, D). The number of nuclei in a given cell varies from two to 
six. The nuclei are characteristically separated from each other, are round or 
oval, and are of the same size ; however, indented or lobulated nuclei, nuclei of 
different sizes, and nuclear fragments are sometimes seen. 

Plasma cells tend to appear in pairs or in small groups in normal marrow. 
In plasma cell myeloma there may be large nests of contiguous cells which are 
often flattened or polyhedral in shape. 
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One of the characteristics of the plasma cell as seen in normal hone marrow 
and as an exaggerated and prominent feature in plasma cell myeloma is the 
marked Tariation in shape of the cells and the tendency for the cells to he frayed 
and ragged in outline. These cytoplasmic projections may be short and blunt 
or long, slender, and hairlike (Figs. 3 and 4). Irregularities and fragmentation 
of the cytoplasm have been noted by various authors, 1 - 2 > 12 but little emphasis 

has been placed upon this feature in descriptions of cells or in illustrations. The 
cells that have ill-defined margins and tapering tortuous filamentous streamers 
constitute from 10 to 50 per cent of the plasma cells. The streamers are char- 
acteristic of the cells at all stages of maturation but are most numerous in the 
earlier cells. It is apparent from the study of bone marrow films from patients 
with plasma cell myeloma and from nonmyelomatous conditions that plasma 
cells are fragile, that their margins are readily tom and smudged, and that 
partial disintegration is characterized by hyaline and filamentous cytoplasmic 
protrusions which merge in a nebulous manner with the background. In many 
preparations it is possible to show continuity between the cells and the cyto- 
plasmic debris (Fig. 4 A). It is probable that the increased and abnormal serum 
proteins found in association with plasma cell myeloma have their origin in 
plasma cells and that the extracellular structures seen in the marrow films are 
visible manifestations of these proteins at the site of their formation. 

Plasma cells with cytoplasmic streamers are less striking in tissue sections or 
in marrow films made by techniques which require mechanical manipulation and 
delay than in films made directly. When 1 to 5 c.c. of marrow are withdrawn, 
an anticoagulant is added, the material centrifuged, and the supernatant cellular 
layer mixed before spreads are made, the more fragile cells are destroyed, and 
the remaining cells tend to assume a spherical form. 

The plasma cells in plasma cell myeloma vary greatly in size as well as in 
shape. The predominant cells are larger than normal, and giant forms are often 
found (Fig. 4 A and D ) . 

Acidophilic globules or Russell bodies (Fig. 4(7) were present in the cyto- 
plasm of the plasma cells of several of our patients and have been observed by 
one of us (L. W. D.) as a prominent feature in a single case of a patient with 
"plasma cell leucemia not included in this series, but these structures were not 
demonstrable in the majority of cases. No cells were observed which contained 
in their cytoplasm red cells, pigment, or other identifiable particulate matter. 

The clear zone which is characteristic of normal plasma cells is not adjacent 
to the nucleus in individual cells in plasma cell myeloma. 

There was a tendency toward a left shift in the myeloid, erythroid, and 
megakarvocytic elements, but there were no gross alterations in the maturation 
pattern of these cells. Lymphocytes constituted above 15 per cent in fourteen 
of the fifty-five cases, and the average lymphocyte percentage was 12. Eosino- 
pliiles were demonstrable in most films, but in no cases were they more than 4 
per cent. Histiocytes were infrequent. 

Rouleaux formation, cellular debris, and bluish background were striking 
in the majority of cases. 
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TIIE PERIPHERAL DI.OOD 

The plasma cells in the peripheral blood of fifty-three patients were esti- 
mated by noting the number per 1,000 leucocytes. No plasma cells were found 
in twenty-six cases, and 0.1 to 0,9 per cent were observed in nineteen cases. The 
number was 1 to 3 per cent in four cases and 4, 7, 21,- and 4G per cent in 
individual cases. 

The types of plasma cells found in the peripheral blood were analyzed ac- 
cording to eccentricity of nucleus, perinuclear clear zone, maturity of nucleus, 
presence of nucleoli, vacuoles in cytoplasm, and cytoplasmic streamers. The con- 
clusions drawn were that cells comparable to those found in the bone marrow 
could be found in the peripheral blood, but that the peripheral blood cells as a 
class were more mature and tended to have less irregularity in shape and fewer 
cytoplasmic tags. Occasionally cells with distinct nucleoli were observed. Many 
cells were found which were difficult to distinguish morphologically from im- 
mature and atypical lymphocytes. 

The differential count in the peripheral blood was not remarkable. There 
was a tendency toward a slight left shift in myeloid elements with occasional 
myelocytes and metamyelocytes in a few of the cases. There were occasional 
nucleated red cells. The platelets were normal in most of the cases hut tended 
to be decreased in the terminal stages or in association with leucemic states. 

Morissette and Watkins 13 considered that the blood film was of aid in the 
diagnosis of plasma cell myeloma and stressed the importance of greasiness of 
the film, anemia, excessive rouleaux formation, immature erythrocytes and leuco- 
cytes, lymphocytosis, cosinophilia, and the presence of "myeloma" and atypical 
plasma cells. 

The suspicion of plasma cell myeloma has occasionally been aroused in our 
laboratory by the finding of exaggerated rouleaux formation and by an increase 
in plasma cells, including early and atypical forms. Rouleaux formation, on 
the other hand, is a common and nonspecific finding. Atypical and early cell 
types and plasma cells in small numbers are often observed in nonmyclomatous 
conditions. 

DISCUSSION 

Individual atypical plasma cells closely resemble and may be impossible to 
distinguish from individual erythroblasts, early myeloid cells, and lymphocytes, 
but the cell maturation sequences of the various cell types are different, and 
there is little difficulty in distinguishing the plasma cells as a group from 
myeloid, erythroid, and lymphoid groups. Cells of the myeloid series have 
definite and well-defined granules, whereas plasma cells have a mottled appear- 
ance or linear cytoplasmic structure. Myeloid cells as a class have a smooth 
margin and seldom have a prominent unstained area near the nucleus, where- 
as plasma cells have irregular shapes and a clear zone adjacent to the nucleus. 
The peroxidase stain may be helpful in making the distinction between cells 
of the myeloid and plasma cell types. Erythroblasts and atypical lymphocytes 
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may have cytoplasm which stains darkly, but these cells as a rule have a 
relatively large nucleus, the clear zone is not prominent, there are not likely 
to be vacuoles or spongy cytoplasm, and there are seldom cytoplasmic streamers 
extending from the periphery of the cell. 

All of the patients with myeloma in our series were of the plasma cell 
type. Early myeloid cells were found in many films; however, this was not 
accepted as evidence for the myeloid type of myeloma, for there w'ere no 
demonstrable transitions between the myeloid cells and plasma cells. Myeloid 
cells are normal bone marrow constituents, and these cells are to be expected 
in varying numbers in any malignancy involving the marrow. In our opinion, 
to call a plasma cell myeloma a myeloid myeloma because there are myeloid 
cells also present is as illogical as it would be to call a myeloid leucemia a 
plasma cell leucemia because there are plasma cells demonstrable. 

In the literature there are frequent references to the “myeloma cell” 
as if there were one cell type distinctive of the disease. The descriptions of 
the so-called “m 3 'eloma cell” vary in minor details but in general are those 
described previously as plasmoblasts, the essential features being an early cell 
with a round eccentric nucleus containing a large and well-defined nucleolus. 14 ’ 15 
The demonstration of plasmoblasts and the presence of large numbers of these 
very early cells is of great value in the diagnosis of malignancy of the plasma 
cell type, but there is little justification for picking out this one cell in a 
sequence and giving to it a nondescriptive and nonspecific name. 

It was possible to find in the bone marrow preparations from patients with 
plasma cell myeloma transitions between the plasmoblasts and undifferentiated 
fixed tissue cells of the reticulum type. Our observations lend support to 
the thesis held by many workers that the plasma cells arise from primitive 
reticulum cells and exist as a specific and distinctive strain of cells. 

It is apparent that there is no sharp line of demarcation between the 
solitary plasmocytoma, plasma cell myeloma, and plasma cell leucemia, for the 
types of cells found in these three conditions are similar, there are all degrees 
of variation, and the same patient may exhibit all three features of the disease 
in different stages of the process. 

The bone marrow examination is useful not only in confirming or making 
the diagnosis of plasma cell myeloma but in differentiating this disease from 
other diseases. The finding of a normal or only slightly increased number 
of plasma cells which are of a mature type is of great value in ruling out 
plasma cell myeloma. In doubtful cases the repetition of the marrow examina- 
tion at a later date or puncture at a different level of the sternum is indicated. 

SUMMARY 

Films made from the sternal marrow of fifty-five patients with plasma 
cell myeloma revealed: 

3. Increased cellularity. 

2. Relative and absolute increase in plasma cells, 4 to 90 per cent, with 
more than 10 per cent in forty-eight cases. 
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3. Increased number of plasmoblasts and early plasma cells and plasma 
cells in mitosis. 

4. Grouped plasma cells. 

5. Nuclear abnormalities in plasma cells: 

(a) Multiple nuclei 

(b) Nuclear fragments 

(c) Indented and lobulated nuclei 

6. Cytoplasmic abnormalities in plasma cells: 

(a) Displacement or absence of relatively unstained areas in some of 
the cells 

(b) Variations in size with tendency toward large forms 

(c) Marked irregularities in shape with blunt and hairlike cytoplasmic 

projections and tortuous and ragged cytoplasmic streamers; cytoplas- 
mic debris v 

7. Relative and absolute decrease in myeloid, erythroid, and megakaryo- 
cytic elements with a tendency toward immaturity. Slight lymphocytosis. 
Bosinophiles usually demonstrable. 

8. Rouleaux formation. 

Plasma cells with eosinophilic globules (Russell bodies) were demonstrable 
in several cases but were not observed in the majority. 

No plasma cells were found in the peripheral blood films while 1,000 
leucocytes were counted in twenty-six of fifty-three cases ; less than 1 per cent 
were found in nineteen, 1 to 3 per cent in four, and more than 4 per cent in 
four. Plasma cells in the peripheral blood were similar to those found in the 
bone marrow but tended to be more mature and less irregular in shape. 

No instances of myeloid, erythroid, or lymphocytic types of multiple 
myeloma were observed. 

The cells described in the literature as “myeloma cells’’ have morphologic 
characteristics of early plasma cells. The term “myeloma cell’’ should be dis- 
continued, for it is nonspecific and nondescriptive. 

This study lends support to the following theses which have been proposed 
by others: 

1. Plasma cells arise from reticulum cells. 

2. Plasma cells constitute a distinct strain of cells morphologically different 
from myeloid, lymphoid, and erythroid types. 

3. There is no sharp line of demarcation between solitary plasmocytoma, 
plasma cell myeloma (multiple plasmocytoma), and plasma cell leucemia. 
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THE INFLUENCE OF HEAT AND FORMALIN UPON 
THE RH AGGLUTINOGEN 


Herbert H. Lubinski, M.D., and Joseph C. Portnuff, M.D. 
Montreal, Quebec 

D URING the course of a series of experiments on the Rh factor, differences 
between the Rh agglutinogen and the A and B agglutinogens were noted in 
regard to their sensitivity against heat. It was observed that red cells suspended 
in saline and heated to 56° C. lost their agglutinability by anti-Rh scrum, where- 
as the agglutinability of these red cells by anti-A and anti-B sera was apparently 
not affected. To corroborate these chance observations the following experi- 
ments were performed. 

Freshly drawn Rh-positive cells of good agglutinability were washed three 
times and then resuspended in normal saline to a 2*4 per cent concentration. 
From this stock suspension 2 c.c. each were then transferred into a series of small 
tubes equal in regard to size, lumen, and thickness of wall. The tubes were 
'stoppered with corks and placed in a water bath at 5G° C. for periods ranging 
from five to twenty minutes ; after heating, the tubes were cooled immediately. 
The red cells were then tested in the usual way for their agglutinability by 
adding 2 drops of the cell suspension to 2 drops of undiluted serum. After 
shaking, the mixtures were placed in the incubator for one-half hour and 
centrifugalized for one minute at a speed of 1,200 r.p.m. The results were read 
with the help of a magnifying glass. 1 

It is shown in Table I that, increasing with the period of heating, the 
agglutination by anti-Rh serum is diminished or rendered negative, whereas 
the agglutination by anti-A and anti-B sera remains unchanged, that is, 4 plus. 

Different strains of red cells behaved differently, in so far as some were 
more affected by the heating process others less. 

Since each experiment was finished on the same day that the blood was 
drawn, the differences between the various strains cannot be attributed to an 
aging process of the red cells. 

In a second series of experiments the reactivity of heated red cells was 
tested against anti-Rh agglutinating serum, anti-Rh blocking serum and anti-A, 
anti-B, anti-M, and anti-N sera. The technical procedure was the same as has 
been described, with the exception that the washed red cells were resuspended in 
saline as well as in 30 per cent albumin made from bovine plasma. This was 
necessary for the test with blocking sera. 

Given in Table II is an example of such an experiment. It shows that after 
five minutes heating the red cells become inagglutinable by anti-Rh agglutinat- 
ing as well as anti-Rh blocking serum, whereas the agglutination by anti-B and 
anti-N sera remains unaffected after twenty minutes, is slightly diminished 
after one hour, and is still present, though weakened, after two hours of heating. 
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Table I 

179 

TESTED AGAINST 

minutes kept at 56° c. 

UNHEATED 

SERUM 

5 

I 10 

f 15 ! 20 


CONTROL - 



Bed Cells, Croup A 




Anti-RU 0 

- 

- 

- 



44 

Anti-A 

44 

44 

44 44 



44 



Bed Cells, Croup A 




Anti-Rh 0 

4+ 

24 

14 



44* 

Anti-A 

4+ 

4+ 

44 44 



44 



Bed Cells, Group B 




Anti-Rli 0 

34 

24 

24 14 



4-*- 

Anti-B 

4+ 

44 

4+ 44 



4 J - 

1 + = Bed cells clumped 

to a disk, ivhich is not dissolved bv slight shaking. 


- = No agglutination. 








Table II. Red Cells, Group B 




TESTED AGAINST 

RED CELLS 

MINUTES KEPT AT 56° C. 

CONTROL 

SERUM 


SUSPENDED IN 

3 1 5 I 10 I 20 1 60 1 

120 


UN-HEATED 

Anti-Rh„ (asrelutinatina) 

Saline 

34 



4-f 



Albumin 

34 

* 


44 

Anti-Rh 0 (blocking) 

Saline 

- 

. 


- 



Albumin 

2 T 

. 


44 

Anti-B 


Saline 

4-f 4r 4-r 4+ 



44 



Albumin 

44 44 44 44 34 

24 


44 

Anti-N 


Saline 

4-f 4+ 44 4-f . 



44 



Albumin 

4 X 4-r 4-f 4-f 34- 

24 


44 

Table III 

TESTED AGAINST 

formalin concentration pep. cent 



SEP.UM 


! 0.3 | 0.4 | 



CONTROL 



Bed Cells, Group AB 




Anti-Rh, 

4-f 3-f 

14 

-* 

- 


4-f 

Anti-B 

4+ 4+ 

44 44 

44 44 14 14 14 

- 


44 

Anti-A 

4+ 4+ 

4+ 44 

44 44 24 14 14 

_ 


44 



Bed Cells, Group A 




Anti-Rli 0 

24 1+ 

± 

- 

- 


44 

Anti-A 

4+ 4+ 

4-r 44 

4-r 4 r 44- 4-f 44* 4-f 


44 


Heating periods of one hour and longer were possible only with red cells 
suspended in albumin. Red cells suspended in saline were almost completely 
hemolyzed after twenty minutes’ heating, at which time the cells in albumin did 
not show any signs of hemolysis. The fact that the red cells lost their reactivity 
with agglutinating as well as with blocking serum supports Wiener’s conception 
that all Rh antibodies (univalent and bivalent) act upon the same cell receptor. 

In a third series of experiments the influence of chemicals upon the Rh factor 
compared to the A and B factors was studied. Out of several substances which 
had been tested, the only one which produced a selective effect was formalin. 

Red cells washed three times were resuspended in normal saline containing 
different amounts of formalin, the final concentration of the latter ranging from 
0.15 to 1.0 per cent. The formalinized red cell suspensions were kept in the 
refrigerator overnight; the next morning the agglutinabilitv was tested. 

Two examples of the findings are given in Table III. From these it can be 
scon that formalin in low concentrations inhibits the agglutination by anti- 
Rli serum. The agglutination by anti-A and anti-B sera is not or is to a lesser 
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degree affected. Concentrations higher than 1 per cent have an inhibiting effect 
upon the agglutination by anti-A and anti-B sera as well. 

Since increasing the length of heating time has a hemolyzing effect upon 
red cells suspended in saline, a control experiment was set up in which hemolysis 
was produced by lowering the NaCl concentration of the suspending solution 
(fragility test). Bed cells were suspended in 0.4 per cent saline which, it was 
found, produced a distinct but not complete hemolysis. However, the partly 
liemolyzed red cells gave the same 4 plus reaction with anti-A, anti-B, and 
anti-Kh sera as the control. Therefore, the loss of agglulinability by anti-Rh 
serum is not caused by the process of hemolysis accompanying the heating. 

It is known that heated red cells arc less agglutinable by weak anti-A and 
anti-B sera. However, the titers of the used anti-A, anti-B, and anti-Rh sera 
were the same — % 28 ; the titer of the Rh blocking serum was and the titer of 
the anti-N serum was %. Therefore, the differences in the agglulinability be- 
tween heated and nonheated cells cannot be explained by weakness of the anti- 
Rh serum. 

One may only speculate about the cause of the described observation. Since 
a similar difference is known to exist between the H and the 0 agglutinins of 
some bacilli and since this difference is connected with the location of the 
agglutinogens, it may be that the A and B and the M and N agglutinogens are 
situated within the cells, whereas the Rh agglutinogen may be located on the 
sui-face. 1 It may be that the Rh agglutinogens are less numerous than the 
others, as suggested by Wiener, 2 and therefore arc destroyed faster. A third 
possibility is a difference in the chemical structure of the different agglutinogens. 


SUMMARY 


Heating of red cells to 56° C. for five to twenty minutes diminishes or 
destroys their agglutinability by anti-Rh agglutinating and blocking sera, 
whereas the agglutinability by anti-A, anti-B, anti-M, and anti-N sera is 
apparently not affected. 

Addition of formalin (0.1 to 1.0 per cent) to red cell suspensions reduces the 
agglutinability by anti-Rh serum much more than the agglutinability by anti-A 
or anti-B sera. 


While this paper was being prepared for publication, Calvin and associates’ reported 
upon a similar investigation in which the samo conclusions wore arrived at regarding the 
heat sensitivity of the Rh antigen. They suggest a protein donaturntion as a basis for the 
destruction of the antigen. 
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BENZIDINE-NEGATIVE STOOLS DURING IRON THERAPY 

Steven 0. Schwartz, M.D., Chicago, III., and Lieutenant Charles S. Yil, 
Medical Corps, Army of the United States* 

T HE possibility that the administration of iron salts to patients with suspected 
gastrointestinal bleeding will interfere with, the benzidine reaction of the 
stools is of considerable practical importance. Our interest in this problem was 
enhanced by the clinical significance of the question, since it is the patient with 
possible gastrointestinal bleeding who most often is in need of iron therapy. 
The present study was undertaken in an attempt to clarify this point. 

Neither the literature nor laboratory texts offer a definitive answer. 
Ogilvie* believe that iron compounds do not interfere with the benzidine test 
and suggested that the exclusion of meat, excepting in large quantities, was un- 
necessary. Johnson and Oliver 3 found false-positive benzidine reactions follow- 
ing the administration of considerable amounts of meat, but the benzidine test 
was negative on iron administration. In their series seven of the patients re- 
ceived 12 gr. of ferrous sulfate and nine received 30 grains. Bell, 1 on the other 
hand, found the benzidine test more sensitive than the guaiac test and recom- 
mended that iron compounds, as well as iodides, be eliminated from the diet 
during search for occult blood.' Burger- concluded, from the two cases studied, 
that iron and ammonium citrate do not interfere with the guaiae test but that 
the benzidine test is consistently positive due to the administered iron. 


material and methods 


Nineteen young women patients, known to he free from gastrointestinal disease, were 
used in the experiments. In these patients twenty-eight series of observations were made 
as follows: four during ferrous sulfate administration; seven during ferrous sulfate and cop- 
per sulfato administration; six receiving Iberin; one getting Ovoferrin; two while on high- 
iron, meat-free diets; and eight eating high-meat diets.t In most cases meat-free diets 
were started and two or three successive negative stools were awaited before iron therapy 
was begun. All patients were kept on the test substance for at least five days, during 
which time they remained on meat-free diets. Stools were tested before, during,, and 
after the therapy period. 

In examining for blood a portion of feces from the center of the specimen was spread 
out on a piece of white absorbent paper; to this a few drops of freshly prepared benzidine 
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solution, wero applied. Tlio benzidine solution xvns prepared by adding 5 c.c. of glacial 
acetic acid to 2 gr. (approximately equivalent to tho amount of powdered bonzidino on a 
knife tip) of powdored benzidino in a clean, dry tost tube. When this was partially or 
completely dissolved, 2(4 c.c. of hydrogen peroxide were added. Tho same reagents were 
usod throughout tho determinations, and tho benzidino solutions wero frequently tested 
with blood diluted in water and stools known to contain occult blood. The bonzidino test 
was interpreted as follows: plus, thirty seconds or more for the development of a bluish- 
green reaction; 2 plus, fifteen to thirty seconds for tho development of a bluish-green 
color reaction; 3 plus, five to fifteen seconds; 4 plus, immedinto dovolopmcnt of tho color 
(less than five seconds). 

DISCUSSION 

Stools from only eiglit patients were obtained on the first day of a meat- 
free diet. Of these stools four were positive for blood. One patient had 
benzidine-positive stools the second and third days as well. The others had 
benzidine-negative stools after the first day. Five out of eiglit patients who 
were placed on high-meat diets developed benzidine-positive stools. In these 
patients the benzidine test became positive twenty-four to forty-eight hours 
after the meat was added to the diet and remained intermittently positive during 
the period of observation. 

The eighteen patients who received some form of iron therapy received it 
over a period of 118 days. During this time eighty-one stool examinations were 
performed. In this series only one stool (Patient 10) was found to he benzidine 
positive during iron administration (Table I). 

SUMMARY AND CONCLUSIONS 

1. Eighteen patients on meat-free diets were given various iron prepara- 
tions in therapeutic doses. The stools, with a single exception, remained neg- 
ative to the benzidine test. 

2. Stools became negative to the benzidine test in a maximum of three days 
on meat-free* diets. 

3. The majority of patients tested had benzidine-negative stools even on 
normal diets. 

4. High food-iron, but meat-free diets did not produce stools with positive 
benzidine reactions. 

5. High-meat diets frequently gave positive stool benzidine reactions within 
twenty-four to forty-eight hours of their initiation. 


REFERENCES 

1. Bell, J. R.: Occult Blood in Faeces, Guy’s Hosp. Rep. 73: 20, 1923. 

2. Burger, G. N.: Influence of Iron on Benzidine and Guaiac Tests for Occult Blood, 

Guy’s Hosp. Rep. 84: 112, 1934. 

3. Johnson, A. S., and Oliver, E. B.: Effect of Ingested Iron on Tests for Occult Blood in 

Stools, J. Lab. & Clin. Med. 26: 727, 1941. 

4. Ogilvie, A. G.: Testing for Occult Blood in the Faeces; Study of Aliened Fallacies, Brit. 

M. J. 1: 755, 1927. J b 



HYPERPARATHYROIDISM AND PARTIAL HEART BLOCK 

Sholoh 0. Waife, M.D. 

Baltimore, Md. 

T HE effect of alteration in the level of serum calcium on the heart, as evi- 
denced in the electrocardiogram, has been known for some time. Hypocal- 
cemia leads to a prolonged electrical systole, a prolonged Q-T interval, 1 ’ 2 "while 
hypercalcemia leads to a short Q-T interval. 1 ’ 3 

The effect of serum calcium changes on the P-R interval is less clear. Gold 
and Edwards 4 injected parathyroid hormone into dogs and found varying de- 
grees of heart block. Others 5 injected calcium chloride into dogs, or man, and 
found among other things recurring A-V block. Atropine was found to pre- 
vent the prolongation of the P-R interval when calcium was given to rabbits, 6 
showing that calcium stimulates vagal activity. Furthermore, in guinea pig 
heart perfusion experiments, Spealman' found that the P-R interval lengthened 
as the calcium ion concentration in the perfusate increased. The Q-T interval 
was altered (lengthened) only when the calcium concentration decreased. 

On the other hand, Segall and White 8 and Berliner® reported no prolonga- 
tion of the P-R interval when calcium was injected into man. However, one pa- 
tient with hyperparathyroidism (blood calcium of 19.2 mg. per cent) had a 
P-R interval of 0.23 second which returned to normal after removal of an 
adenoma. 3 

This case is reported because of the marked degree of heart block which 
persisted for some time after a parathyroid adenoma was removed and after the 
serum calcium fell to subnormal levels. The duration of electrical systole, on 
the other hand, varied with the serum calcium. 

CASE REPORT 

B. C., a 17-year-old boy, who had completely recovered from acute nephritis at the age of 
12, developed fatigability, low back pain, and three months later aching in the thighs. Later, 
polyuria, nocturia, and pain on mastication were noted, and ten months after the onset a frac- 
ture of the right humerus occurred. This led to x-ray studies, with the discovery- of typical 
osteitis fibrosa cystica and diffuse demineralization of all bones. 

The only noteworthy physical findings were the high pulse pressure, with a blood pres- 
sure of 154/50 mm. Hg, and the vigorous heart action, with no sign of an aortic valve lesion 
or cardiac enlargement. Most observers failed to feel a nodule in the area of the lower pole 
of the right lobe of tho thyroid, but this was noted by Dr. E. Goetsch who removed a para- 
thyroid tumor measuring 2.5 by 5 by 2.5 cm. and weighing 14.5 grams. 

laboratory examination of the blood and urine was negative except that the patient had 
marked calcinuria, 1.2 Gm. per twenty-four hours, after three days on a low calcium diet. 
Tho normal output on that regime is less than 0 2. gram. The preoperative serum calcium was 
1", phosphorus 1.8, and alkaline phosphatase 32.2 mg. per cent. The electrocardiogram on 
admission to the hospital revealed a P-R interval of 0.3S second. 

Tho levels of blood calcium, phosphorus, and alkaline phosphatase and the duration of 
the R-R, p.R j an d Q-T intervals arc shown in Table I. 

From the Department of Medicine of The Lons Island College of Medicine Brooklvn V V 
Received for publication, Oct 31, 1946. ‘ 
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Thus it can be seen .that as the serum calcium returned to normal on the 
third postoperative day the P-R interval shortened from 0.38 to 0.24 second. Six 
days after operation the.P-R interval -was 0.20 second, while the serum calcium 
was falling from 8.5 to 7.5 mg. per cent. However, with a subsequent fall in 
calcium concentration, the P-E interval was maintained at about 0.24 second, 
until three weeks after operation when it was 0.21 second. At that time the 
serum calcium concentration was 8.0 mg. per cent. 

It is true that at slower cardiac rates the P-R interval may be somewhat 
lengthened, but the P-R interval changes in this case are much greater in mag- 
nitude than those related to heart rate. Furthermore, regardless of rate, the 
P-R interval should not exceed 0.20 second at rates under 70 per minute. 

It see ms obvious that the prolonged hypercalcemia had produced changes 
in the A-Y system which reverted slowly to normal in the weeks after operation. 
The Q-T interval varied as expected, short in relation to heart rate (R-R) with 
hypercalcemia and prolonged with hypocalcemia. 

Parenteral atropine in doses of 0.6 to 1.2 mg. had no effect on the pro- 
longed P-R interval. 

DISCUSSION 

It is generally admitted that the formulas relating normal Q-T intervals 
and heart rate are not satisfactory, witness the numerous new formulas 10 
(Table II). If Hegglin and Holtzmann’s formula 11 is used, the patient had a 
Q-T interval within the normal range preoperatively in spite of marked hyper- 
calcemia. This Q-T interval of 0.29 second would also be just within the range 
described by White and Mudd. 12 At any rate it is clear that the chief alteration 
was in the prolonged P-R interval, 0.38 second. 


Table H. Expected Q-T Intervals Based ox Heart Rate According to Various 

Formulas 





DATE 


Q-T INTERVALS 

3/14 

! 3 /IS 

I 3/21 | 

3/24 

Actual 

.29 

.34 

.36 

.41 

Expected : 

Schlamowitz' 0 

.309 

.319 

.317 

.351 

Hegglin, and Holzmann" 

.324 ± .04 

.335 ±.04 

.333 + .04 

.369 + .04 

Ashman' * 

.33 

.34 

.34 

•3G9 

Bazctt's 

.308 

.32 

.32 

.35 

Frederica' f ' 

.337 

.345 

.34 

.367 


The experimental evidence for A-Y block due to hypercalcemia is found in 
the isolated fiber technique, 13 in which it was shown that increases in calcium 
concentration eventually produced neuromuscular block. Excess of io niz ed 
calcium gradually blocked nerve-muscle transmission by lowering the electrical 
excitability of the muscle fiber adjacent to the end plate. However, this would 
not explain the persistence of the prolonged P-R interval while the serum calcium 
fell to levels producing latent tetany. 

The prolonged P-R interval was probably not due to a vagal effect, as 
atropine in doses sufficient to cause mydriasis and dryness of the mouth didnot 
alter it. This, then, differs from the form of heart block associated with calcium 
reported by Hoff and associates.' The cause of this heart block is unknown. 
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These two phenomena are independent of each other, as evidencd in Pig- 
ll? and Pig. IE, in which a prolonged P-R interval (0.24 second) was found 
together with abnormally long Q-T intervals, when the serum calcium was below 
8 mg. per cent. 

Incomplete heart block may be found in the presence of hypercalcemia. 
It ma y not completely disappear when the serum calcium level returns to normal 
or subnormal levels. Atropine did not alter the P-R interval in this case. The 
effect of changes in blood calcium on the P-R interval is still obscure and needs 
further study. 
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SENSITIVITY OP EBERTHELLA TYPHOSA TO PENICILLIN 
FRACTIONS G AND X 

Henry Welch and W. A. Randall 
Washington, D. C. 

V ARIOUS investigators have shown the increased effectiveness of penicillin 
X over other types of penicillin in inhibiting the growth of various or- 
ganisms in vitro and in exhibiting an increased protective action in vivo. 1 ' 3 
This increased activity of penicillin X is not only directed against organisms 
which are highly sensitive to penicillin but also applies to gram-negative bacilli 
such as Klebsiella pneumoniae' and Escherichia colt 1 which are relatively re- 
sistant. The strain of Esch. coli used by Libby and nolmberg 1 was inhibited 
by 133.9 units of penicillin G and by 46.875 units of penicillin X. Recently, 
Bigger 4 has shown that Ebcrthclla typhosa is inhibited in the test tube by peni- 
cillin and that this action of penicillin is potentiated by sulfathiazole. Evans 5 
reported that most of the sixty-four strains of E. typhosa tested were inhibited 
by 5 to 10 units of penicillin. Clinical confirmation of Bigger 's work was ob- 
tained by McSweeney 0 who treated several cases of typhoid fever with a com- 
bination of penicillin and sulfathiazole. Relatively large doses of penicillin 
were used, 10,000,000 units being given over a period of four days, in combina- 
tion with 34 Gm. of sulfathiazole. In some cases this regimen was repeated, 
and encouraging results were obtained. While this dose of penicillin appears to 
be large when expressed in units, actually it is rather small when expressed in 
grams. Ten million units of penicillin are equal to only 6 Gm., and this was 
given over a four-day period (1.5 Gm. per day). Actually over five times as 
much sulfathiazole as penicillin was administered. Owing to the low toxicity of 
penicillin it can be given in quantities which will result in blood levels of 40 to 
80 units per cubic centimeter of serum. It is, therefore, logical to treat diseases 
in which the infecting organism is susceptible to amounts of penicillin wliich 
can be maintained in the blood stream by giving large doses of the drug. In- 
deed, in view of the results obtained in syphilis by Lloyd- Jones and Allen 7 with 
a single daily injection of penicillin, there is some question as to the necessity of 
maintaining high levels over long periods of time. In view of the interest in the 
treatment of typhoid fever with penicillin, it seemed pertinent to report some re- 
sults obtained several years ago on the action of penicillins G and X on E- 
typhosa. 

Two methods were used for determining sensitivity. The first was a serial 
dilution method in which dilutions of both of the penicillin fractions and culture 
under test were made in broth. The inoculum consisted of a 1 per cent dilution 
of an o vernight broth culture of the organism in the test medium. The tests 
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were incubated in a water bath at 37° C. and results read at six hours and again 
at twenty-four hours. The end point was the smallest amount of penicillin re- 
sulting in complete inhibition of growth. Twenty-nine strains of E. typhosa 
were studied using the serial dilution technique. The second method was a 
cylinder plate assay similar to that described for Staphylococcus aureus, 8 ex- 
cept that instead of the latter organism the various strains of E. typhosa were 
used as the test organism. Since five strains produced unsatisfactory growth in 
the seed layer, only twenty-four cultures were tested by this technique. The 
plate method employs two dosage levels of penicillin, 5 and 20 units (ratio 1 
to 4). The penicillin 6 (370 ruiits per milligram) was considered to be the 
standard and the penicillin X (900 units per milligram) was treated as the un- 
known. The potency of penicillin X was computed according to the method of 
Knudsen and Randall. 8 

The penicillin G was the F.D.A. C working standard which had a potency 
of 370 units per milligram when compared to the master standard, crystalline 
sodium penicillin, which has a potency of 1,667 units per milligram. On the 
same basis crystalline penicillin X has a potency of 900 units per milligram. 
These potencies are all based on the Staph, aureus plate assay. The F.D.A. 
working standard had been shown to consist largely of the G fraction. 

In Table I are shown the results obtained with twenty-nine typhoid strains 
in the serial dilution test. At six hours only three strains were inhibited by 
0.75 units of penicillin G. while twenty-eight strains failed to grow in the same 
amount of penicillin X. In twenty-four hours the difference is less striking 
since twenty-six strains are inhibited by 3 units or less of penicillin X. while 
twelve strains failed to grow in the presence of the same amount of penicillin G. 
Of the twenty-nine strains tested by the dilution method, twenty-four were twice 
as sensitive to penicillin X as to penicillin G on a unit per milligram basis, one 
strain was three times .as sensitive, and four strains were four times as sensitive. 

Table T. Effect of Penicillins X and G on E. Typiiosa 

0 HP- 24 HE . 

Type G Serial Dilution Method 

Xmril>or of strains inhibited 3 17 0 2 10 12 4 1 

I'nits per cubic centimeter for com- 0.75 1.5 3 1.3 3 0 12 >12 

plctc inhibition 

Type X Serial Dilution Method 

Number of strains inhibited 2S 1 3 12 11 3 

Units per cubic centimeter for com- 0.75 1.5 0.75 1.3 3 c 

plote inhibition 

Table IT. Potency of Penicillin X Expressed as Units Per Milligram and Per Cent or 

Standard (G) 

Nmnl'Or of ■•trains •■how nig mcrea-cd ~ ~ ~ 


potency 

1 

7) 

0 

i 

0 

V 

of il X" in units per milli- 
gram; G otjufiN l,fi(»7 u./mjr. 

1 otonrir** of X ” oxprc««od p**r 

ernt of Mtindanl (G) 

isoii to 
2700 

27<>0 to 
r»onn 

3000 to 
4500 

4.700 to 
5400 

5400 to 
0300 

o::uo to 
7200 

200 to 
300 

”00 to 

-too 

•400 to 

r»oo 

oOO to 
000 

000 to 
700 

700 to 
son 
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In Table II tlie results of the cylinder plate tests are given. This method of 
testing reveals an even greater difference between the two penicillin species than 
was shown by the serial dilution test. All strains were at least twice as sensitive 
1o penicillin X as to penicillin G, and three strains were seven or eight times as 
susceptible. If the potency of penicillin X is computed in units per milligram, 
the activity varies from 1,800 units per milligram to 7,200 units per milligram, 
depending on the strain of E. iyphosa used for assay. 

DISCUSSION 

The known properties of penicillin and streptomycin indicate that the lat- 
ter drug should he the one of choice for the treatment of gram-negative infec- 
tions. Yet recent experience with streptomycin in the treatment of typhoid 
fever 9 indicates that this antibiotic is of questionable value in spite of apparent 
in vitro sensitivity of the typhoid organism to it.' Conversely, although it is 
generally accepted that the typhoid organism is resistant to penicillin, Mc- 
Sweeney 6 has successfully treated cases with this drug 'augmented by sulfa- 
thiazole. As a matter of fact, based on the data presented in these studies and 
those of Evans, 5 there is reason to believe that penicillin alone should be an 
effective treatment in this disease when given in the proper doses. On the basis 
of these studies all twenty-nine strains of E. iyphosa were inhibited in a yeast- 
beef broth at pH 7.0 by approximately 12 units per cubic centimeter or less 
of penicillin (7.2 gamma). When two of these strains were tested in the same 
broth for their sensitivity to streptomycin. 25 gamma were required to effect 
complete inhibition. Thus, on a weight basis, over three times as much strep- 
tomycin as penicillin was required for inhibition of these strains. When a com- 
parison of the resistance of E. iyphosa to the two antibiotics is made on a weight 
basis, the apparent advantage of streptomycin because of its characteristic attack 
' on the gram-negative organisms is considerably minimized. Furthermore, the 
characteristic rapid and marked increase in resistance of gram-negative organ- 
isms to streptomycin both in vivo 10 and in vitro 11 argues against the therapeutic 
use of this drug, particularly where another less toxic drug (penicillin) is avail- 
able without these disadvantages. 

The dose of penicillin which would apparently be effective in the treatment 
of typhoid ( fever is not a large one in terms of weight of drug utilized. In 
Keefer’s 9 recent publication on the use of streptomycin in typhoid fever, doses 
of 3 to 5 Gm. per day are recommended. Doses of penicillin such as these should 
result in blood levels more than adequate to be effective against the most resistant 
strains of E. iyphosa reported in these studies or in those reported by Evans/ 
The wide range between the therapeutic and toxic doses of penicillin as com- 
pared to the range between these doses of streptomycin is further argument in 
favor of penicillin therapy for typhoid fever. 

Unfortunately, at the present time there is no commercial production of 
penicillin X. There is little advantage, if any, to the production of this penicillin 
fraction at the expense of the regular production of commercial penicillin 
(largely fraction G). So far, penicillin X has been shown to he quantitatively 
superior to penicillin G only; until a qualitative difference between penicillins X 
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and 6 can be demonstrated which would warrant the extra expense of producing 
penicillin X, it is unlik ely that it will become commercially available. It is ob- 
vious, however, that in the case of typhoid fever considerably less than half as 
much penicillin X as penicillin G would be necessary in the treatment of this 
disease. 

SUMMARY AND CONCLUSIONS 

1. Of twenty-nine strains of E. typJwsa tested all except one were inhibited 
by 12 units or less of penicillin G, in twenty-four hours. 

2. All of the strains were inhibited by 6 units or less of penicillin X. 

3. "When the plate method was used to determine sensitivity, penicillin X 
was from two to eight times as effective as penicillin G. 

4. A favorable response should be obtained in the treatment of typhoid 
fever provided sufficiently large doses of penicillin are utilized. 
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PHOSPHATASES AND INORGANIC PHOSPHORUS IN NORMAL 

HUMAN SERUM 


Jules Tuba, Ph.D., Max M. Cantor, M.D., and Herman Siemens, M.D. 

Edmonton, Canada 

With the Technical Assistance oe Persis A. Capsky, B.Sc. 

I NVESTIGATIONS oi' a clinical nature involving a consideration of {he levels 
of human scrum phosphatases and inorganic phosphorus necessitated the 
establishment of normal values in men and women. A group of 101 adults 
and 108 school children, aged 10 to 12 years, from the country around 
Edmonton volunteered to give blood in Ihe fall of 1915, and their sera were 
assayed. According to Klasmcr, 1 who worked with infants, the normal values 
for children have not been established with accuracy, and it was felt that 
the previously mentioned age group might be of interest. • A seasonal variation 
in phosphatase activity was noted by Klasmcr, and in order to find the effect of 
winter in the Edmonton area, estimations of inorganic phosphorus, acid, and 
alkaline phosphatases were repeated in the spring of 191(5 with the sera of ns 
many as possible of the fall donors. 

EXPERIMENTAL 

Serum phosphorus and serum phosphatases were determined by the micro- 
method of Shinowara and associates 1 as modified by Gould and Schwachman . 3 
Acid phosphatase was estimated at. pH 5.3 and alkaline phosphatase at pH $.3. 

The unit of phosphatase activity is defined by Shinowara and associates 
ns equivalent to 1 mg. of phosphorus as phosphate ion liberated during one hour 
of incubation at 37° C., with a substrate containing sodium /?-glycerophosphate, 
hydrolysis not exceeding 10 per cent of the substrate, and optimum pH of the re- 
action mixture for “acid,” 5.00 ± 0.15, and for “alkaline,” 9.30 ± 0.15. Our 
estimations of phosphatase activity comply with this definition, except with 
regard to the optimum pH for acid phosphatase. The pH optimum is, however, 
a broad one, and we found no significant variation when estimations were made 
at pH 5.0 or 5.3. 

RESULTS AND DISCUSSION 

The mean values and the range of values for the different groups arc sum- 
marized in Table I. 

The acid phosphatase values which are very close to the range of 0.0 to U 
units reported by Shinowara show an increase during the winter in the adult 
groups. The Gutman and Gutman 4 range is 0.5 to 2.0 units. 

Important variations are found in alkaline phosphatase levels in relation 
to sex, age groups, and season. For both children and adults the values for 
male subjects are appreciably higher than for female subjects (30 and 20 per 
cent, re spectively). The activity of the alkaline enzyme is approximately three 
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Table L Normal Mean Values (Range Given in Brackets) foe Human Seeum Phos- 
phatases AND INOEGANIC PHOSPHOEUS IN RELATION TO SEN, SEASON, AND AGE GP.OUP 


BLOOD DOXORS 

number 

OF 

SERA 

ACID PHOSPHATASE 
(UNITS PEP. 100 C.C. 
SERUM) 

ALKALINE PHOS- 
PHATASE (UNITS per 
100 C.C. SERUM) 

I SERUM inorganic 

PHOSPHORUS 
(MG./100 C.C.) 



Adults 


Men 

Fall 

38 

0.38 (0.0 to 1.2) 

4.4 (2.0 to 7.0) 

4.6 (2.6 to 0.4) 

Spring 

14 

0.44 (0.0 to 1.2) 

4.S (2.0 to 7.3) 

4.4 (3.2 to 5.4) 

Women 

Fall 

63 

0.37 (0.0 to 1.2) 

3.S (2.0 to 7.0) 

4.4 (3.2 to o.4) 

Spring. 

42 

0.07 (0.0 to 1.2) 

4.1 (2.5 to 7.3) 

4.0 (1.8 to 5.4) 

Boys 

Fall 

51 

Children, 10 to 12 Tears 

— 12.S (6.0 to 21. S) 

5.9 (4.6 to 7.S) 

Spring 

44 

0.61 (0.0 to 1.6) 

13.5 (5.6 to 21.4) 

4.9 (3.0 to 7.S) 

Girls 

Fall 

57 

— 

9.4 (6.0 to 17.S) 

6.0 (4.S to 7.S) 

Spring 

46 

0.56 (0.0 to 1.6) 

12.1 (5.6 to 17.1) 

5.2 (2.0 to 6.4) 


limes greater among children than adults for both sexes. Bodansky 5 reports a 
range of 1.5 to 4.0 units for adults and of 5 to 12 units for children. 

The phosphorus values follow a similar though less marked trend. ' There 
is a very definite seasonal variation in the levels of phosphorus and alkaline 
phosphatase. In all groups there is a lower amount of serum phosphorus by 
'spring, more especially in the ease of children. At the same time, the winter 
has produced a definite rise in the amounts of alkaline phosphatase. Although 
active rickets was not observed in our donors the results noted corroborate 
Ivlasmer’s suggestion that the seasonal variations noted may be associated with 
a winter diet and decreased exposure to ultraviolet rays. 


summary • 

Serum phosphatases and inorganic phosphorus values were determined in 
the fall of 1945 on 101 adults and 10S children, aged 10 to 12 years. The estima- 
tions were repeated in the spring with fifty -six of the adults and ninety of the 
children. The average fall level of 11.1 Shinowara units for serum alkaline 
phosphatase for the children was almost three times that for the adults of 4.1 
units. The activity of this enzyme was 20 to 30 per cent greater among the 
male than among the female subjects. An increase in the alkaline enzyme and 
a decrease in inorganic phosphorus, which were more marked in children than in 
adults, may be due to a winter diet and lack of sunshine. An increase in acid 
phosphatase was noted in the spring values of the adult groups. 
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LABORATORY METHODS 


RAPID CONTINUOUS EXTRACTION AND DETERMINATION 

OP QUININE 

G I! ANVIL C. Kyker and Mildred M. McEwkn* 

Chapel IIill, N. C. 

T HE urgency of antimalarial work during the past, few years lias emphasized 
the importance of further studies on quinine as well as the search for new 
drugs. The ultimate progress of such studies is determined by the quantita- 
tive methods which are applicable to biologic material. Many improved methods 
have been reported recently by various workers . 1 ' 0 Each of these methods 
requires the preliminary separation of the alkaloid from the biologic sample. 
In most of these this separation is accomplished by extraction with a suitable 
solvent. Ether , 3 alcohol and ether,' acetone and ether , 0 chloroform , 1 ’ 3 and 
ethylene dichloride 7 are proposed either for stepwise manual extraction in a 
separatory funnel 2, *■ '• 0 or for a continuous process in specially designed 
apparatus . 1 ’ 3 One method, designed for blood plasma, employs a filtrate which 
retains the quinine after the proteins are precipitated with metaphosphone 
acid . 3 Once the alkaloid is separated from the sample, its measurement is 
based on either turbidimetric, 3, 8 fluorometric, 1, * colorimetric, 2 ’ '• 0 or spcctro- 
photometric 0 ’ 10 instrumentation. 

Each of these methods offers advantages depending upon the material 
which is available and the requirements which are imposed by a particular 
investigation. Recently, certain investigators 11 ’ 12 have applied two or more 
methods simultaneously to the same materials. This has enhanced the value 
of the data and enabled additional interpretations, because no method which 
is specific for quinine 8 lias been designed and each when applied biologically may 
yield results which are vitiated by an indefinable amount of metabolic products. 

In this report modifications of certain previous methods for quinine are 
described and adapted to a procedure which reduces the time and work of 
extraction and provides an extract of a biologic sample to which duplicate 
methods of assay may be applied simultaneously. These modifications became 
urgent during a study of the absorption of quinine in which the analysis of 
numerous fresh samples was required within brief periods. The existing 
methods which require manual manipulation of individual samples through- 
out the extraction become laborious for the analyst and limit his capacity. 
Also, the extended time which is required for continuous extraction by present 
methods 1 ’ 3 impedes concentrated periods of work. The time required for the 
continuous extraction of quinine from a sample of tissue has been reduced 
from f our hours to fifteen minutes. This has been accomplished by changing 
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the design of the sample tube of an extractor previously recommended for 
continuous use with ether, 3 so that it accommodates the continuous flow of a 
heavier-than-water solvent such as chloroform. The extractor permits a greater 
flow of solvent through the sample than its predecessor. Also, the solubility 
of quinine is higher in chloroform than in ether. Both of these factors con- 
tribute to the more rapid extraction. 


APPARATUS 

The extractor is similar in principle to others which have been reported 13 ' 15 
for continuous liquid-liquid extraction with a solvent of greater density than 
water. Additional features are described which render the apparatus efficient 
and convenient for the biologic study of quinine and other alkaloids. It is 
simple to construct and is an interchangeable part of a unit for continuous 
operation with a solvent of less density 3 which has had extended use in this 
laboratory. The adaptability of the complete unit to solvents of greater or 
less density than water expedites the analysis of identical samples by different 
methods as previously recommended. The details of construction and the 
interrelation of parts shown in Fig. 1 are self-explanatory. Additional ver- 
satility of the unit derives from its construction in different sizes, among which 
certain parts are interchangeable. The dimensions are presented in Table I 
and are indicated according to the labels in Fig. 1. 


Table I. Specifications fop. Construction of Extractors 
(All Dimensions in Millimeters) 


reference to fig. I 

VO I I'ME OF SAMPLE TO BE EXTRACTED 

unit 

NUMBER 

5 C.C. 

10 C.C. 

25 c.c. 

50 C.C. 

100 c.c. 

(a) ) (B) 

A 

1 


22 

22 

3S 

3S 


o 


To 

36 

r»2 

32 


J) 


22 

22 

38 

3S 


4 


3U 

36 

32 

32 


5 


5 

5 

S 

S 


a 


So 

So 

So 

So 


7 


S5 

335 

So 

135 

R 

s 


200 

235 

390 

240 

9 

36 

16 

32 

32 



m 

22 

2° 

3S 

3S 



ii 

32 

36 

24 

32 



32 

60. 

GO 

60 

60 



m 

100 

100 

300 

100 



34 

ISO 

ISO 

ISO 

ISO 



35 

IS 

IS 

20 

20 



36 

22 

22 

3S 

38 



37 

5 

5 

S 

S 


C 

3S 

52 

52 

32 52 

52 

52 


IP 

140 

340 

340 340 

140 

140 


20 

SO 

sn 

SO so 

SO 

so 

— 

21 

nn.i 

•ra 

■'"5 3.-3 

55.) 

555 


The absence of any horizontally connected parts or side arms contributes 
to a minimum of breakage and enables the compact alignment of multiple 
units in a battery. Batteries of six units each have proved convenient when 
mounted on horizontal rods 2 feet in length which are damned at either end 
to vertical iron supports. When chloroform is used, smooth operation at the 
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solvent ^ol less^rasUy ” , of 1 "n’ Ciltor density : A, 50 c.c. ; a, 10 c.c. Extractors for 

plcte apparatus, assembled '•^Ith unit^A • °C?’ C ' Punch marks for support of unit A; p. Com 



RAPID CONTINUOUS EXTRACTION AND DETERMINATION OP QUININE 


beginning of the continuous process demands a readily adjustable source of 
heat. In this ease the units in each battery are heated with a manifold of six 
ordinary gas burners which are equipped with adjustable chimneys for steady 
flames. On the other hand, when ether is used, a constant and moderate^rate 
of heating is required. An electric heater which is easy to construct and has 
given years of heavy service is recommended. 

The heating unit consists of a coil made by winding 140 turns of No. 22 
Ghromel wire about a % inch mandrel and mounting in a suitable housing. 
The housing is an elongated right angle trough made by joining two pieces 
of 14 inch Transite. Each wall of the trough is 2 by 24 inches on the inside. 
A support, 3 by 3 inches, is attached at either end. The pieces of Transite 
are joined securely with small 45 degree brackets and bolts. Small brass bolts 
through the end supports serve as binding posts for the electrical circuit. A 
cover, 214 by 24 inches, is undercut at 45 degrees along the sides and is pro- 
vided with six holes, 1 inch in diameter, 4 inches apart, and 2 inches from 
either end. The unattached cover rests firmly and horizontally. Each extractor 
unit in a battery rests on its respective hole in the cover of the heater. 

Rheostatic control is provided by a resistance whose specifications are 
identical to those of the heating element. This resistance is mounted with 
binding posts at one-tenth intervals on the back of a strip of Transite, 3 by 24 
inches, which is clamped at each end to the vertical supports for the battery 
of extractors. Electrical connections are made with the binding posts from 
the front of the strip, on the back of which the resistance is mounted. 

PROCEDURE 

Digestion of Tissue . — Samples of tissue are digested by a procedure which 
is essentially that of Kelsey and GeilingA Slight modifications are introduced 
which improve the results after extraction of the alkaloid. The weight of the 
sample is roughly estimated in advance and defined as 1 part. JTo a beaker 
whose capacity is approximately 20 parts is added 5 parts of 2 per cent sodium 
hydroxide. The gross weight of the beaker, contents, and cover is recorded. 
Immediately after removal from its source, the sample of tissue is cut into 0.5 
to 1.0 Gm. pieces and placed in the alkali. The weight of the sample is estab- 
lished by difference to an accuracy of 1 in 500. Additional alkali to make a total 
of 10 parts is added, in which the tissue is digested on a steam plate near the 
boiling point of the alkali. Hot water is added at intervals to compensate for 
evaporation, so that reduction in volume never exceeds one-half. The alkaline 
digest is transferred to a volumetric flask, the capacity of which is approximately 
20 parts, and diluted to the mark. Aliquots of the resulting 5 per cent solution 
of tissue in 1 per cent alkali are extracted and analyzed according to the follow- 
ing procedure. 

Extraction of Alkaline Digest . — An extractor of appropriate dimensions is 
selected and assembled as in Fig. 1C. Cliloroform is added to the inner tube of 
the unit. The amount of solvent is 25 c.c. for either the 10 or 25 c.c. extractor 
and u0 c.c. for either the 50 or 100 c.c. extractor. An aliquot of the alkaline 
digest is introduced by pipette into the inner tube. Solvent which is displaced 
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beginning of the continuous process demands a readily adjustable source of 
beat. In tbis case tbe units in eacb battery are beated "with a manifold of six 
ordinary gas burners which are equipped with adjustable chimneys for steady 
flames. On the other hand, when ether is used, a constant and moderateu-ate 
of heating is required. An electric heater which is easy to construct and has 
given years of heavy service is recommended. 

The heating unit consists of a coil made by winding 140 turns of Iso. 22 
Chromel wire about a % inch mandrel and mounting in a suitable housing. 
The housing is an elongated right angle trough made by joining two pieces 
of Vi inch Transit e. Each wall of the trough is 2 by 24 inches on the inside. 
A support, 3 by 3 inches, is attached at either end. The pieces of Transite 
are joined securely with small 45 degree brackets and bolts. Small brass bolts 
through the end supports serve as binding posts for the electrical circuit. A 
cover, 214 by 24 inches, is undercut at 45 degrees along the sides and is pro- 
vided with six holes, 1 inch in diameter, 4 inches apart, and 2 inches from 
either end. The unattached cover rests firmly and horizontally. Each extractor 
unit in a battery rests on its respective hole in the cover of the heater. 

Rheostatic control is provided by a resistance whose specifications are 
identical to those of the heating element. This resistance is mounted with 
binding posts at one-tenth intervals on the back of a strip of Transite, 3 by 24 
inches, which is clamped at each end to the vertical supports for the battery 
of extractors. Electrical connections are made with the binding posts from 
the front of the strip, on the back of which the resistance is mounted. 


PROCEDURE 


Digestion of Tissue . — Samples of tissue are digested by a procedure which 
is essentially that of Kelsey and Gelling. 4 Slight modifications are introduced 
which improve the results after extraction of the alkaloid. The weight of the 
sample is roughly estimated in advance and defined as 1 part. JTo a beaker 
whose capacity is approximately 20 parts is added 5 parts of 2 per cent sodium 
hydroxide. The gross weight of the beaker, contents, and cover is recorded. 
Immediately after removal from its source, the sample of tissue is cut into 0.5 
to 1.0 Gm. pieces and placed in the alkali. The weight of the sample is estab- 
lished by difference to an accuracy of 1 in 500. Additional alkali to make a total 
of 10 parts is added, in which the tissue is digested on a steam plate near the 
boiling point of the alkali. Hot water is added at intervals to compensate for 
evaporation, so that reduction in volume never exceeds one-half. The alkaline 
v digest is transferred to a volumetric flask, the capacity of which is approximately 
20 parts, and diluted to the mark. Aliquots of the resulting 5 per cent solution 
of tissue in 1 per cent alkali are extracted and analyzed according to the follow- 
ing procedure. 


Extraction of Alkaline Digest . — An extractor of appropriate dimensions is 
selected and assembled as in Fig. 1C. Chloroform is added to the inner tube of 
the unit. The amount of solvent is 25 c.c. for either the 10 or 25 c.c. extractor 
and 50 c.c. for either the 50 or 100 c.c. extractor. An aliquot of the alkaline 
digest is introduced by pipette into the inner tube. Solvent which is displaced 
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by the aliquot overflows into the jacket. The column of solvent which remains 
underneath the aqueous layer is approximately 1 inch deep. The reflux con- 
denser is attached so that its tip touches lightly the funnel of the extractor. 
The solvent in the jacket is heated rapidly with a coneless but nonluminous 
flame until returning solvent begins to drain from the extractor. The flame is 
then regulated so that refluxing continues at a rate which is consistent with 
a stable interface at the junction of the solvent and sample. Properly digested 
samples permit the return of solvent at a rate which overflows in a continuous 
stream. After brief experience with the apparatus, the initial period of heat- 
ing and regulation of the continuous rate can be accomplished in one or two 
minutes. The extraction is continued at the steady rate for 15, 15, 30, and 30 
minutes for the 10, 25, 50, and 100 c.c. units, respectively. 

Transfer of Alkaloid to Acid . — After the extraction is completed, the sample 
tube is removed from the jacket and set aside. A small funnel is inverted and 
lowered into the chloroform until it rests on the bottom of the jacket. The stem 
of the funnel should extend about 2 cm. above the surface of the solvent. A 
measured quantity of acid is added to the chloroform layer. Either 0.03 N 
hydrochloric acid, or 0.03 or 0.1 N sulfuric acid, is used, depending on the subse- 
quent procedure which is selected for the analysis. The volume of acid generally 
equals that of the extracted aliquot, but ratios greater or less than unity are 
employed when the expected content of the sample indicates any analytic ad- 
vantage. The condenser is attached again to the jacket and the contents arc 
heated for ten minutes, during which time the funnel actively percolates the 
chloroform layer through the supernatant acid layer. The condenser is allowed 
to drain, and any clinging drops on its tip are recovered by tipping against the 
inner wall of the jacket. The jacket is stoppered tightly with a cork and set 
aside to cool until the layers are clear and a sharp interface obtains. Aliquot s 
from the acid layer are taken for analysis either by pipetting directly f ronl 
above the chloroform layer or after separation of the two layers. When 
pipetting the samples directly, a small mirror is adjusted at 45 degrees in front 
of the jacket so that the interface is visible and not disturbed by the tip of 
the pipette. 

Determination of Quinine . — The quinine in the acid layer is determined by 
one or more previously established methods which apply directly to a solution of 
the alkaloid in either hydrochloric or sulfuric acid. When 0.03 N hydrochloric 
acid is used in the transfer previously described, the method of Kyker and as- 
sociates 3 is convenient. When the quinine is taken up in 0.03 N sulfuric acid, 
two methods are directly applicable to the same solution. Either a turbidity 
of quinine silicotungstate is prepared as previously described 3 for hydro- 
chloric acid solutions and measured by an established calibration with an 
Evelyn photoelectric colorimeter (Table II), or the fluorescence of quinine 
sulfate, after dilution with 0.1 N sulfuric acid to a suitable concentration, is 
read against a similar standard solution with a Coleman photofluoronieter. 
For samples of tissue of very low allcaloidal content, 0.1 N sulfuric acid is used 
in the preceding transfer from chloroform, and the fluorescence of the alkaloid 
is measured without further dilution. ' - 
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Table II. Measurement or Quinine Silicotungstate in 0.03 N Sulfuric Acid 


NUMBER OF 

triplicate 

SAMPLES 

ANALYZED 

EVELYN COLORIMETER 
READING 

ACTUAL 

QUININE 
(JIG. PER LITER) 

OBSERVED 

RANGE j 

AVERAGE 

RANGE | 

AVERAGE 

6 

90.5 to 91.4 

91.0 

1.0 

1.02 to 1.04 

1.01 

9 

7S.2 to 79.9 

79.3 

2.0 

1.92 to 2.06 

1.98 

9 

6S.6 to 69.8 

69.3 

3.0 

2.93 to 3.06 

2.99 

9 

60.7 to 62.7 

61.8 

4.0 

3.81 to 4.07 

3.96 

9 

54.2 to 56.1 

55.2 

5.0 

4.81 to 5.14 

4.96 


The results are^ calculated as follows : 

C = cxFxVx 1000/W where 
C = mg. quinine per kg. of tissue 
c = mg. quinine per liter in the undiluted acid layer 
total acid laver (c.c.) 

F = factor of dilution, aliquot of a) k a li^' dIi^T(HZj 
V — total volume of alkaline digest in liters 
W = sample of tissue in grams 


STANDARDIZATION 

I 

The procedure which is outlined has been verified by repeated extraction 
and determination of quinine in standard solutions and in samples of urine 
and tissue from the alimentary' tract of the rat. A summary of these data is 
presented in Table HI. A wide variation in the amount of added quinine is 
covered, the largest being over 3,000 times the smallest. To the biologic 


Table III. Recovery of Quinine by Continuous Extraction With Chloroform 


2 

4 

2 

2 

o 

2 

4 

2 


number i 

OF 1 

DETERMI- 
NATIONS 

ANALYSIS j 

QUININE 

1 SAMPLE 

METHOD* 

added 

JIG. ; 

1 RECOVERED 

AVERAGE 

(%) 

RANGE 

(%) 


Standard 

F 

0.005 

99.9 

±1.6 

Standard 

F 

0.010 

101.6 

+0.0 

Standard 

F 

0.025 

96.5 

+1.5 

Urine 

F 

0.025 

105.0 

+0.8 

Stomach 

F 

0.025 

96.7 

+0.3 

Intestine 

F 

0.025 

100.3 

±0.7 

Standard 

TS 

0.050 

98.0 

+0.7 

Standard 

F 

0.100 

99.2 

±1.2 

Standard 

TS 

0.100 

95.5 

+05 

Stomach 

TS 

0.100 

99.3 

+0 8 

Intestine 

TS 

0.100 

98.5 

+0.0 

Standard 

TS 

0.135 

99.6 

+1 0 

Standard 

TS 

0.150 

99.6 

±2 2 

Standard 

Urine 

F 

TS 

0.250 

0.250 

9S.7 

98.0 

±0.3 
+0 o 

Stomach 

TS 

0.250 

98.8 

+01 

Intestine 

TS 

0.250 

99.4 

+0 4 

Standard 

F 

0.500 

100.6 

H) 2 

Urine 

Standard 

TS 

TS 

0.500 

0.S04 

97.0 

9S 6 

±0.0 
±1 Q 

Stomach 

TS 

1.000 

97 2 

+0 1 

Intestine 

TS 

1.000 

97.6 

■H) R 

Urine 

Standard 

Urine 

Urine 

Standard 

TS 

TS 

TS 

TS 

TS 

2.500 

5.000 

5.000 

10.000 

16.075 

102.6 

101.1 

97.0 

95.0 
102.2 

±1.5 

±0.6 

±3.5 

±0.0 

±0.5 


"I. nuoromctric analysis; TS. turbldlmetrlc analysis of slllcotunsstatc. 
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samples the calculated volume of a concentrated standard solution of quinine 
dihydrochloride was added by pipette before digestion. The added amounts 
of quinine which are recorded in Table III pertain to 25 c.c. aliquots which 
were extracted. Results from larger or smaller samples with extractors of cor- 
responding dimensions arc similar in accuracy. 

When standard solutions were analyzed, the preliminary' digestion of the 
sample was omitted and aliquots were extracted after adding 50 per cent 
sodium hydroxide until a concentration of 1 per cent was reached. For urine 
samples, digestion with 2 per cent alkali for thirty minutes greatly reduced a 
tendency to emulsify during the extraction. For samples of tissue, the diges- 
tion was continued twenty-four hours. 

The accuracy of the procedure is best judged by the results in the last 
column of Table III. This column represents the duplicability which obtains 
for similar aliquots. The accuracy of the average recoveries which are found 
in the preceding column is quite satisfactory for biologic studies of quinine. 
This column entails any errors in the addition of widely varying amounts of 
alkaloid, as well as those errors which are inherent for the procedure. The 
average of all recoveries which are listed in Table III is 99.1 ±0.79 per cent. 

APPLICATION AND DISCUSSION 

The procedure is especially versatile and efficient in studies where vide 
variations in the alkaloidal content of the sample occur, such as in a study of 
the intestinal absorption of quinine at increasing intervals after oral adminis- 
tration. In this connection the method has been used extensively in studies on 
the rat. The widely used technique of Cori 10 for studying intestinal absorption 
in small animals does not serve for quinine, since its low solubility at the nor- 
mal pH of intestinal contents and its tendency to associate with proteins cause 
it to adsorb on the mucous lining so that the residue cannot be washed out quan- 
titatively. The general application of the method is supported by the work of 
Alogdelis 17 who used the procedure recently in determining the quinine which 
remains in the whole body of mice at intervals after oral administration of 
the drug. 

Digestion of a sample of tissue for twenty-four hours may seem a cumber- 
some step but is recommended on the basis of controlled experiments. DiS eS ‘ 
tion for two hours, as recommended by Kelsey and Geiling, 4 gave extracts 
which contained appreciable interfering substances. These substances de- 
creased as the digestion was increased. Slight interference remained after 
eight hours of digestion. Satisfactory blanks were obtained after twenty-four 
hours. This specified period is longer than is necessary for some tissues but 
represents more convenience than periods between eight and twenty-four 
hours, since the digestion of a series of samples may be begun at a given time on 
one day and their extraction and analysis at the same time on the following 
day No attention is required during the digestion except for the occasional 
replacing of water which evaporates. If flasks, closed with rubber stoppers 
which support 10 inch air condensers, are preferred to beakers covered with 
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watch glasses, very little loss of water occurs. Samples are rendered com- 
pletely soluble except for fragments of bones and hair which remain when the 
whole carcass of a small animal is digested for analysis. 

During the time in which the procedure was developed, chloroform was 
not readily available and various grades were used. Irregular periods of good 
and poor results became correlated with the kind of solvent which was in use. 
Jt has been substantiated repeatedly that quantitative recoveries of quinine 
depend on the use of pure chloroform. Merck’s reagent and Baker’s CP 
chloroform yield reliable results. The solvents should be stored in amber 
bottles in a dark cabinet when not in use. Incomplete and irregular recoveries 
ranging from 75 to 90 per cent occur when U. S. P. or Technical grades of 
chloroform from various sources are used. The poor recoveries are more 
noticeable when the content of the sample is low but persist to some extent at 
higher concentrations. Some poor grades of solvent did improve but were not 
entirely satisfactory when fractionated or when washed successively with 
alkali, acid, and water. Used portions of acceptable solvents remained satis- 
factory when collected in a storage bottle, washed, dried, and distilled before 
using again. 

In the construction of the apparatus (Pig. 1A) it is essential that the tip 
of the overflow tube inside the extractor is not fused to the bottom of the latter. 
Otherwise, pumping of the solvent occurs by forming bubbles of vapor in the 
overflow tube and the aqueous layer may spill over. "Without exception, pump- 
ing of the chloroform layer and loss of the aqueous layer has occurred only in 
those extractors in which this oversight of construction existed. If 1 or 2 nun. 
intervene the tip of the overflow tube and the bottom of the extractor, the re- 
turning solvent from the reflux cools the solvent sufficiently to prevent any boil- 
ing inside the extractor due to heating by the rising vapors on the outside. 

The maximum volume of an aliquot which is to be used in an extractor of 
particular dimensions is indicated in Table I. This maximum volume is recom- 
mended only for relatively pure aqueous solutions of quinine. The products of 
digestion of tissue with alkali tend to emulsify slightly at the interface during 
rapid extraction, so that the sample should not exceed 75 to SO per cent of the 
rated capacity of the extractor. No difference is noted in recoveries when as 
low as 50 per cent of the rated volume of sample is used, since the shorter 
aqueous layer compensates for the slower turnover in the deeper layer of solvent. 

The transfer of the extracted alkaloid to add may be accomplished without 
the use of an inverted funnel, which serves as a percolator, if very rapid boiling 
is maintained so that the two layers appear as one. The percolator permits 
milder conditions and less chance of loss of the acid layer in the condenser, 
since with its use less heating with little or no refluxing is sufficient. Also] 
some delay accompanies the return of a sharp interface when vigorous boiling 
substitutes for percolation. 

The sensitivity and duplicability of turbidimetric measurements of quinine 
silicotungstate in 0.03 ± 0.002 N sulfuric acid (Table II) compares favorably 
with the previous use of 0.03 N hydrochloric acid. 2 When both fluorometric and 
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turbidimetric determinations are desired on the 0.03 N sulfuric aeid layer to 
which the alkaloid has been transferred, the latter should be run first since it 
is the less sensitive of the two and serves to indicate accurately the necessary 
factor of dilution for the application of the former. The lowest level of quinine 
which is measurable turbidimctrically requires at least a tenfold dilution before 
fluoromctric measurement. Tenfold dilution with 0.1 N sulfuric acid reduces the 
acidity to 0.093 N. Quinine can be read accurately at this acidity against tluo- 
rometric standards which are customarily prepared in 0.1 N sulfuric acid. 
According to the study by Desha and associates 18 on the effect of hydrogen 
ion concentration on fluorescence, much greater differences in the concentra- 
tion of sulfuric acid are permissible between standards and unknowns. Such 
permissible differences have been confirmed more recently by Yalk. 10 Deter- 
mination of the extracted quinine is not limited to the methods which have 
been selected in this study, but colorimetric or spectrophotomctric methods 
should be applicable to the extracts. 


SUMMARY 

A rapid procedure is presented for the quantitative separation of quinine 
from biologic fluid or tissue by continuous extraction of a digested sample with 
chloroform. Specially designed apparatus which is simple in construction is 
described in various dimensions. The extractor represents an interchangeable 
adaptation of one proposed previously, so that the complete unit permits extrac- 
tion with solvents of either greater or lesser density than water. The procedure 
enables the versatile selection of two or more established methods of analysis 
for simultaneous application to individual samples and stresses the value of 
this practice in metabolic studies since no specific method is available for 
quinine. The procedure has proved efficient and convenient during extensive 
use in animal work. 

The authors express their appreciation to the Samuel S. Fels Fund which provided 
the support for this work. 
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THE COUNTING OP BLOOD CELLS BY DARIC-FIELD 
ILLUMINATION 

Germain Crosshon, B.S., and Bernhardt G. Gallasch 
Rochester, N. Y. 

M ICROSCOPIC preparations are usually examined by bright-field illumina- 
tion. The entire field of view’ is lighted, and preparations to be examined 
are shown against a light background. Objects are differentiated optically from 
their surrounding medium by their difference in refractive index, by natural 
coloration, or by the application of dyes. 

In contrast to this is dark-field illumination in which objects appear as. self- 
luminous structures on a dark background. This effect is obtained with the 
Abbe condenser by placing an opaque stop between the condenser and the source 
of light so as to exclude the central part of the light rays from the mirror, allow- 
ing only an external ring of light to pass to the condenser. The hollow' cone of 
light thus formed illuminates brilliantly any object at its focus, and the object 
itself reflecting the light into the microscope appears self-luminous on a dark 
field. 

In comparison to light-field, dark-field illumination has had few applica- 
tions. Perhaps its most important use in medical science is for the detection 
of motile organisms such as the spirochetes of syphilis and trypanosomes m 
body fluids. It also should be of value for the enumeration of microscopic ob- 
jects in counting chambers which, because of their small size, lack of color, or 
refractive index, are difficult to see with light-field illumination. A few- possible 
applications are the counting of red blood cells, white blood cells, spinal fluid 
cells, blood platelets, bacteria, yeast, mold, plankton, and dust particles. Al- 
though the study of fresh blood cells on thin object slides by dark-field illumina- 
tion is mentioned in Gage 1 and Gradwohl,® to the best of our knowledge, there 
is no reference in the literature concerning the counting of blood cells in count- 
ing chambers by this method of illumination. This is, no doubt, due to the re- 
quired object slide thickness necessary for dark field. The object slide with the 
Abbe condenser and dark-field stop must be approximately 1.3 to 1.4 mm. m 
thickness, so that the apex of the hollow cone of light can be brought into co- 
incidence with the object. It can be seen readily from the foregoing statement 
that if relatively thick chambers are used, this hollow- cone of light would come 
to a focal point below the blood cells w-ithin the glass counting chamber, and 
the amount of light thus produced w-ould be inadequate for illumination of the 
object. The solution to this problem is to increase the focal length of the Abbe 
condenser by removing its top lens, the numerical aperture of the condenser thus 
being reduced from 1.25 to 0.30. If the 43X, 0.65 N.A. objective is used, it is 
necessary also to decrease its numerical aperture by the use of a funnel stop. 
The method including preferable microscope accessories is described in detail. 

From Bausch & Bomb Optical Company. 
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EQUIPMENT 

Although an y biologic microscope with. Abbe condenser, numerical aperture 
1.25, can be used, a binocular medical microscope with 10X paired oculars is 
suggested for f ull appreciation of this dark-field method. If increased magnifica- 
tion is desired with the 10X, 0.25 N.A. objective, 15X oculars can be used. The 
source of ill umin ation must be more intense than usually is required for light- 
field counting. A microscope lamp using a 115 volt, 100 watt Mazda bulb or a 
6 volt, 108 watt ribbon filament bulb and equipment with a Coming Daylite 
filter and condensing lens furnishes ample illumination for use with either a 
monocular or binocular microscope. Two dark-field stops, 16 and 20 mm. in 
diameter, a funnel stop, a hemacytometer, and red and white pipettes complete 
the essential equipment. 



Fie. 1. — Red blood cells as seen with a 10X huycenlan eyepiece and a 43X achromatic objective 
with funnel stop. Three-fourths actual size. 

METHOD 

Tho usual dilution fluids, such as Hayem’s solution and normal saline for 
erythrocytes and 1 to 3 per cent acetic acid (tinted with gentian violet) and 
0.1 N hydroclUoric acid for leucocytes, can be used. However, acetic acid is 
preferable to hydrochloric since it has a less destructive action on the cytoplasm 
of the white cells. This difference is more noticeable in dark-field than in light- 
field illumination. If, as previously recommended, a 115 volt, 100 watt bulb or a 
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6 volt, 108 watt bulb is used with a binocular microscope, the microscope lamp 
should be adjusted so as to produce a parallel beam of light. This can be done 
readily by directing the light beam at a wall at least six feet away and focusing 
the condensing lens until an image of the source is formed on the wall. The 
illuminator then can be oriented with reference to the microscope and the beam 
of light directed at the microscope mirror. A filter should be placed in the 
holder usually provided with most microscope lamps. This is necessary in order 
to eliminate all glare from the blood cells and counting chamber, as shown against 
the dark background. It was found that for this purpose a Coming Daylite 
filter was superior to the usual combination of a ground glass and blue filter. 
In order to bring the apex of the hollow cone of light on the blood cells in the 
counting chamber, the upper element of the Abbe condenser now is unscrewed 
and removed. A 16 mm. dark-field stop, usually supplied with most microscopes, 
is placed and accurately centered in the holder provided below the condenser. 
Using a combination of the low power objective (10X, 0.25 N.A.) and 10 or 35X 
oculars, the substage condenser now is racked up and down until the counting 
chamber ruling and blood cells appear white on a black background. It will be 
found that if the condenser is lowered slightly below this point, a very pleasing 
illusion of depth is obtained. This effect of depth is appreciated especially in 
the case of the white blood cells and is of value in distinguishing these cells from 
possible dust particles that may have been in the diluting fluid or on the count- 
ing chamber. If again the condenser is lowered below this point, blood cells ap- 
pear dark against a light background. Since the counting chamber ruling also 
is light, this location of the. substage condenser is not usually of value. 

Dark-field illumination can also be used with the 43X, 0.65 N.A. objective, 
but its numerical aperture of 0.65 must be reduced by inserting a funnel stop. 
This stop is standard equipment and, although designed for reducing the aper- 
ture of the 97X, 1.25 N.A. objective, it is interchangeable. The size of the dark- 
field central stop at this magnification should be approximately 20 millimeters. 
As with the 10X objective, the condenser should be racked up and down until 
the counting chamber ruling and blood cells appear white on a dark back- 
ground. 

A modified for m of dark-field illumination can be obtained by the substitu- 
tion of Rheinberg color discs for the opaque stops. These discs can be prepared 
in the laboratory from colorless and red and green-colored gelatin or cellulose 
acetate, or fixed photographic film can be dyed to the desired shade. The central 
green disc must be 16 mm. for use with the 10X objective and 20 mm. with the 
43X objective. It should be centered and cemented to either an outer colorless 
or red disc which must be approximately 1% 0 inches in diameter. Blood cells 
thus are shown as white objects on a green background when the central green 
disc is used in combination with an outer colorless disc, and red on s green 
background when a red disc is substituted for the outer colorless disc. If the 
latter combination is used, a ground glass filter should be substituted for the 
Corning Daylite filter. The results obtained are very spectacular but probably 
have no advantage over the usual dark-field method. 
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The location of the stops or Rheinberg discs above the lower element of the 
Abbe condenser Mali increase the brightness of objects and lines and "will add 
to the ease with which optimum dark-field illumination can be obtained. Since 
there is no slotted ring provided at this location, it is necessary to construct a 
holder so designed that the stop or disc is at a location approximately 5 mm. 
above the condenser. If one expects to do a considerable amount of counting 
by dark-field illumination, it is believed that the superior results obtained will 
justify the special construction of the stop holder. The size of the stops or 
Rheinberg discs in this location should be approximately 13 mm. for the 10X, 
0.25 N.A. objective and 16 mm. for the 43X, 0.65 N.A. objective. 

I 

SUMMARY AND DISCUSSION 

A method has been described for the counting of blood cells in an all glass 
counting chamber (hemacytometer) . This technique, modified as may be neces- 
sary, can be used for counting other objects previously mentioned. In order to 
increase the focal length of the Abbe condenser, 1.25 N.A., the upper lens of the 
condenser must be removed; if a 43X, 0.65 N.A. objective is used, a funnel stop 
is necessary to reduce its numerical aperture. Dependent on the location chosen, 
above or below the condenser, a 13 or 16 mm. stop or disc should be used with 
the 10X objective and a 16 or 20 mm. stop has proved satisfactory with the 
43X objective. The size of the stop for either the 10X or 43X objective is not 
critical. It is possible that with counting chambers other than those used in this 
study better results may be obtained with stops slightly smaller or larger than 
those suggested. The brightness of the counting chamber ruling is dependent 
on the depth and width of the lines and also on the thickness of the counting 
chamber. For best results, the over-all thickness of the chamber should be 5 
mm. or less and the ruling should be relatively deep and heavy. In place of 
opaque stops Rheinberg color discs can be used. Blood cells thus are shown as 
white or red objects on a green background. 

REFERENCES 

1. Gage, S. H.: The Microscope, ed. 17, Ithaca, N. Y., 1943, Comstock Publishing Co Inc 

p. 159. e •» 

2. Gradwohl, R. B. H.: Clinical Laboratory Methods and Diagnosis, ed. 2 St. Louis IQSfi 

C. V. Mosby Company, p. 309. ’ ’ 



CLOROX AND TERGITOL-JAVELLE WATER MIXTURE FOR 
ACID-FAST BACILLI CONCENTRATION 

A Comparative Study 

Jyunji Izumi 
Denver, Colo. 

T HE concentrated sputum examination for tubercle bacilli has largely super- 
seded that of the plain smear. Because of the increased numbers of such 
examinations, a shorter more rapid technique was required. In recent years 
Clorox 1 has been used as the concentrating substance. Cameron and Castles 1 
found this method superior to that of NaOH-alum and autoclaving methods, and 
we have similarly been impressed bj' its value in the past eighteen months. Cer- 
tain difficulties were encountered, particularly regarding altered staining prop- 
erties of the tubercle bacilli, rendering the slides difficult to read and interpret. 
We had previously used a tcrgitol-javeUc water mixture, after its introduction 
by Petrol! and Scliain , 3 without such difficulties in staining properties. It was 
decided to evaluate again these two digestants in a parallel series to determine 
their comparative efficacy. 


METHOD or STUDY 

AH sputa used in this study wore collected routinely in bottles for a twenty-four to 
forty-eight hour poriod. After stirring thoroughly with wooden applicators each sputum was 
divided into two portions. Ono portion was treated with an equal volume of clorox, stirred 
with an applicator stick, and centrifuged in 15 c.c. tubes* for ten minutes at 2,200 r.p.m- 
The clorox sputum mixture was not allowed to stand longer than ten minutes prior to cen- 
trifugation, as it was found that prolonged exposuro (twenty minutes or more) rendered some 
organisms nonacid-fast or markedly impaired their staining properties. After decanting the 
supernatant fluid tho centrifugo tubes wero inverted for fifteen to twenty minutes over ab- 
sorbent paper to allow for maximum drainngo. The sediment was smeared and then stained 
by the Ziehl-Neelsen method. 

The other portion of each sputum was treated with tergitol-javcllc water mixture. This 
digestant was prepared in the manner recommended by Petrol! and Schain.c Equal volumes 
of this digestant and sputum were mixed and agitated periodically with nppliactor sticks un- 
til digestion 'was completed. The incubation period employed by PetroiT and Scbain was 
omitted in this series. Digestion, usually was completed within a few minutes. Some sped" 
mens, however, were very resistant and required as long as thirty minutes for homogenization 
to occur. Centrifugation was done in the same manner as employed in the clorox scries. The 
decanted tubes were inverted over absorbent paper for fifteen to thirty minutes, ft longw 
time being required in some cases to obtain maximum drainage. Tiio smeared slides were 
stained in the previously mentioned manner. 

No slide was considered negative until well over 100 fields had been examined. The 
method of reporting positive slides was based on the recommendation of the American Trudeau 
Society, 4 which is as. follows: 

From the National Jewish Hospital. \ 
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Numerous (+H-) : Ten or more acid-fast bacilli in most oil immersion fields 
: Single acid-fast bacillus found in most oil immersion fields 
Bare (+) : Single 'acid-fast bacillus found in occasional oil immersion fields 

In the case of 1 plus slides the number of bacilli found in the field examined were recorded. 

RESULTS OF THE STUDY 

In the course of this study 171 sputum specimens were examined. One hun- 
dred specimens were found to he negative by both methods ; seventy-one were 
found to be positive by one or both methods. The method employing tergitol- 
javelle water mixture gave eleven more positive slides than did the clorox method 
(Table I). With the method employing tergitol-javelle water mixture, 42 per 
cent of the slides were positive for tubercle bacilli. By the clorox method only 
35 per cent were found positive. Thus the method using tergitol-javelle water 
mixture was superior by 7 per cent to the clorox method. 


Table I. Total Number of Positive axd Negative Slides 


NUMBER OF SPUTA 

| tep.gitol-javelle water mixture | 

1 CLOROX 

EXAMINED 

| NEGATIVE 

| POSITIVE | 

1 NEGATIVE 

j POSITIVE 

171 

100 (58%) 

71 (42%) 

111 (65%) 

60 (35%) 

Table 11. Comparison* of Degree of Positivity With Both Methods 

- 


| TERGITOL-JAVELLE WATEP. 1 





MIXTURE 



CLOROX 

NUMBER OF POSITIVE SLIDES 1 

+++ | -*+ | 

+ 

-1—L-L 

! -H- | + 

71 (Total positive specimens) 

19 23 

29 

10 

21 29 

CO (Positive by both methods) 

19 23 

18 

10 

21 29 


In Table II the breakdown of the positive slides into the degree of posi- 
tivity is recorded. It is to he noted that there is a decided shift to lesser degrees 
of positivity with the clorox method. 

In those specimens found to he 1 plus by both methods (nineteen cases), 
slightly over twice as many organisms were found per 100 fields by the method 
using tergitol-javelle water mixture as with the clorox method (Table 111)1 


Table m. Comparison' of Numbers of Bacilli in' 1 Plus Slides (Nineteen- Cases) 




number of bacilli 

! AVER \GE NUMBER OF 


TOTAL FIELDS 

FOUND IN FIELDS 

1 BACILLI PEP. 

METHOD 

EXAMINED 

EXAMINED 

100 FIELDS 

Tergitol-javelle 

745 

P2 

12.4 

Clorox 

1,10S 

57 

5.1 


CONCLUSION AND SUMARY 

One hundred seventy-one sputum specimens were examined by both the 
clorox and the tergitol-javelle water mixture methods. Out of a total of serentv- 
onc positive specimens the method using tergitol-javelle water mixture gave 
more positive results and exhibited better ability to concentrate the bacilli than 
did the clorox method. The treatment of the acid-fast bacilli with the mixture of 
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tergitol-javelle water docs not show the impairment in staining that occasionally 
occurs when treated with elorox. For these reasons it was decided to abandon 
the use o £ elorox in favor of tergitol-javelle water for concentration purposes. 

The writer wishes to express his appreciation to Dr. Allan Hurst for suggesting this 
study and for tho aid received in the preparation of tin's paper. 
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MICROPRECIPITATING UNIT FOR BLOOD AND TISSUE^ PROTEINS 

Arnold Lazarow, Ph.D., 1I.D. 

Cleveland, Ohio 

I N THE course of microanalysis of blood and tissues it is often necessary to 
precipitate proteins. This is usually done by mixing the blood and the protein- 
precipitating fluid, placing the mixture in a capillary tube, sealing, and 
centrifuging. The supernatant fluid is finally separated from the precipitate 
by cutting the tube just above the level of the precipitate. The method de- 
scribed in Methods enables one to carry out all operations -within the same 
pipette. The drawing of blood and the precipitation of proteins can easily be 
done in a patient’s room, and the tube can be set aside for centrifuging upon 
return to the laboratory. 

METHODS 

The pipette* illustrated in Fig. 1 consists of a capillar}- tube used for 
measuring the blood and a diluting bulb whose volume is equal to five or ten 
times that of the capillary tube. The bulb end is sealed to a standard taper male 
joint and is fitted with a standard taper cap. Rubber bands placed on the hooks 
serve to hold the cap in place during centrifugation. Blood is drawn into the 



Crrvm Cmm 240 

Gmm 



Fig. 1 . — Top, a blood-precipitating pipette fitted -with standard taper Joint and cap. Bottom 
a standard taper female-female adapter. 


pipette to the 20 c.mm. mark. The protein-precipitating fluid is then drawn 
into the pipette to the 210 c.mm. mark. After mixing, a drop is blown out of 
the pipette to remove the unmixed protein precipitating fluid which is present 
within the capillary portion of the pipette. The cap is put on and fixed in 
position with a rubber band; the pipette may be put aside for a time at this 
st<r> G c - After centrifugation at appropriate speed, the cap is removed. 


Ur ota the Department of Anatomy. Western Reserve University School of Medicine Cleve 
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The volume of the cap is arranged so that all the precipitate can be con- 
tained within the cap, the pipette proper containing only blood filtrate. If the 
volume of the cap is 2.25 times that of the blood used, the cap will contain all the 
blood pi'ceipitate when tungstic acid is used as the precipitating agent. If a 
5 per cent solution of trichloracetic acid is used, the volume of the cap should 
equal the volume of blood used. The female-female adapter shown in Fig, 1 is 
used in place of the cap to transfer the blood filtrate to the microcolorimetric 
reaction-vessel described in another paper (page 215). 

If the precipitate is desired, the remaining supernatant fluid in the cap 
can be drawn off with a capillary tube and the precipitate can then be removed 
from the cap. 
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A SIMPLE APPARATUS FOR QUANTITATIVE MICROCOLORIMETRIC 
ANALYSIS IN FINAL VOLUMES OF 0.15 c.c. 


Arnold Lazarow, Ph.D., M.D. 
Cleveland, Ohio 


L OWRT and Bessey 1 have reported that accurate measurements may be made 
j in the Be ckm an spectrophotometer, on volumes of 0.1 c.c., by using a special 
colorimeter cell. I have found also that the Lumetron photoelectric colorimeter 
could be used for this purpose if it were equipped "with a galvanometer of the 
multiple reflection type. Special 10 by 3 mm. cells were used. White blood 
cell diluting pipettes were used for carrying out the colorimetric reactions. 

The technique described herein simplifies the mieroeolorimetric procedures. 
All volume measurements, heating, and color development can be carried out 
within one tube. 


APPARATUS 


A tuberculin syringe (1 c.c. with graduations of 0.01 c.c.) is used to control 
the volume within the reaction pipette. To facilitate smooth operation the 
plunger is fitted with a spring clip. A Shick-Vim syringe can be used in place 
of the tuberculin syringe. A convenient reaction-vessel* for microeolorimetry 
(Fig. 1) consists of a capillary tube with a capacity of 30 cm and a dilu- 
tion bulb whose volume is 150 c.mm. The capillary tube, which must be of 
constant internal diameter, is graduated into 50 or 100 divisions, so that frac- 
tional volumes may be measured. The bulb end of the pipette is fitted with a 
standard taper female joint,! whereas, the pipette end is fitted with a standard 
taper male joint. A standard taper cap fits over this pipette end for sealing. 
A glass bead sealed in the mixing bulb facilitates mixing. 

The pipette and syringe are mounted by clips at about a 30 to 45 degree 
angle (Fig. 2). A three-way spinal puncture stopcock (Tale B-D L/S 2) is 
placed between the syringe and the reaction pipette. The purpose of this stop- 
cock is to facilitate removal and replacement of a partially filled reaction pipette 
from the syringe. When reinserting a partially filled reaction pipette into the 
stopcock, the latter should be open to permit flow of air from the side tube; 
otherwise fluid may be forced out of the tip of the pipette as it is inserted into the 
stopcock. With the pipette in place, however, the stopcock should be turned 
so that the pipette communicates only with the syringe. 

The joints should be greased and the syringe oiled to prevent leakage of 
air into the system. 


From the Department of Anatomy. Western Reserve University School of Medicine 
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apparatus for quantitative, micro colorimetric analysis 

, A vessel for the addition of reagents is shown in Fig. 3. It has a bulb 
containing about 5 c.e. and is fitted with a standard taper female joint and a 
stopcock to control the fluid in the bulb. 



In carrying out the colorimetric procedure blood filtrate or tissue extract is 
placed in the reaction-vessel. For this purpose the female-female adapter is 
placed on the male joint of the blood-precipitating pipette described in another 
paper 2 (page 213), and this in turn is connected with the reaction-vessel. The 
blood filtrate is drawn into the tube a little past the 15 c.mm. mark, because 
removal of the blood precipitating pipette causes the level of liquid in the 
colorimeter reaction tube to change slightly. By means of the syringe, the 
volume is adjusted to exactly the 15 c.mm. mark. A small bubble of air is then 
drawn into the capillary in preparation for adding the next reagent. If blood 
sugar were being determined by the FolinAIalmros 3 method, one volume of 
alkaline ferricyanide solution would be added next. For this purpose the 
reagent-addition vessel (Fig. 3) is connected to the male joint of the reaction- 
vessel. The stopcock is opened and by means of the syringe the liquid is drawn 
into the pipette slightly' above the 15 c.mm. mark. The stopcock connecting 
the syringe and the reaction-vessel is closed, the stopcock of the reagent-addition 
vessel Is closed, and then the latter vessel is removed. The three-way stopcock 


21S 


LAZAHOW 


that connects the syringe and the pipette then is opened, the volume is adjusted 
to exactly 15 cm, and the alkaline femeyanide solution is drawn into the 
bulb. Mixing' with the blood filtrate can be accomplished by alternately forcing 
the liquid into the pipette and drawing it back into the bulb. A cap is placed on 
the male joint of the reaction-vessel, and this is secured in place with a rubber 
band ; the vessel then is removed from the stopcock. Further mixing can be 
accomplished, if desired, by rotating the pipette while in a vertical position. (The 
pipette must not be inverted, for if the fluid reaches the upper capillary, later 
dilutions cannot be made with great accuracy.) The tubes are placed, at an 
angle of 30 to 45 degrees, in a water bath designed to heat only the bulbs of the 
pipette. If the cap and capillary portion of the pipette are also heated, the 
air within them expands and forces its way out past the liquid in the bulb and 
then out the bulb end. On cooling, however, the air contracts and the liquid 
is sucked from the bulb into the capillary and cap. 

After cooling, the pipette is replaced upon the stopcock, the cap is removed, 
and two volumes of a solution of ferric gum ghatti are measured and then sucked 
into the bulb. The cap is reinserted, the pipette is removed from the rack, and 
the contents are mixed by rotation in the vertical position. After standing 
twenty minutes, the reaction-vessel is replaced, distilled water is added to the 
180 c.mm. mark, and the contents of the bulb are mixed by shaking. The drop 
of water contained in the capillary tube is blown out. Then an adapter is 
inserted on the male joint, the contents are transferred to a microabsorption 
cell, and the extinction is measured in a photoelectric colorimeter. 

DISCUSSION 

By using standard methods and a volume of 150 c.mm., a large number of 
colorimetric procedures can be carried out on samples of tissue weighing only 
1 mg. or on a few cubic millimeters of blood. The procedure is simple and 
could be employed routinely in the determinations customarily carried out in 
the clinical laboratory. It should prove especially useful in pediatric practice, 
since a few cubic millimeters of finger blood will prove sufficient for most 
chemical procedures. 

If 50 c.mm. (about 1 drop) of blood are available for chemical analysis, the 
final volume for colorimetry need not be limited to 0.15 c.c. but can be carried 
out on final volumes of 1.0 cubic centimeter. Sufficient blood filtrate is obtained 
from one drop of blood to carry out several chemical determinations. By apply- 
ing the technique used by Shock and Hastings/ it should be possible to' sub- 
stitute a sector of a regular cylinder for part of the bulb, and in this case the 
pipette itself eould be used for the colorimeter tube. The volumes' of the 
colorimetric reaction — vessel may be reduced if desired for only 50 c.mm. are, 
required for use with the Beckman microcells. 

The accuracy of this procedure has been found to approach that of ordinary 
macrocolorimetric procedures. Inasmuch as all volumes are measured within 
the same pipette, it is necessary only to determine the dilution-factor of the 
bulb for each pipette. This can be done simply by measuring 15 c.mm. of.® 
known colored solution in the pipette, diluting it to 180 c.mm. and mixing. The 



APPARATUS FOR QUANTITATIVE MICROCOLORIMETRIC ANALYSIS 219 

'.istilled water contained in the capillary is blown out and the contents of the 
ulb are then placed in the microabsorption cell. The transmission of light is 
leasured and the precise dilution of the 15 c.mm. is thus determined in the 
ripette under the conditions of use. The absolute volume of a given pipette 
lakes relatively little difference in the determination. 

The microcolorimetric procedure can he carried out as rapidly as an ordinary 
aacroprocedure. The small amount of blood required (finger puncture), the 
implicity of the method, and the economy of table space and dish washing — all 
;erve to make this procedure highly desirable in ordinary clinical chemistry. 
Phis technique should he most useful in special research projects where only 
mall amounts of material are available. 

SUMMARY 

• 

A simple apparatus is described which is useful in colorimetric analysis 
unploying small final volumes (0.15 c.c. or less). Samples of blood or other 
tissues of 0.001 c.c. or 1 mg. are adequate for most colorimetric procedures using 
this technique. \ 
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Penicillin — Its Practical Application. Edited by Sir Alexander Fleming, M.B., B.S., 

F.R.C.P., F.R.C.S., F.R.S., Professor of Bacteriology, the University of <J London, St. 

Mary’s Hospital, London. The Blakisfon Company, Philadelphia, 1940. Price $7.00. 

Cloth with 380 pages, 5£> illustrations. 

Since all of the twenty-eight contributors to this book, prepared under tho editorship 
of Sir Alexander Fleming, are British, it constitutes a useful compendium of the investiga 
tive work and clinical applications of penicillin by British workers, much of which map 
not be familiar to American physicians. 

The first section, totaling 10-1 pages, is devoted to the general aspects of the subjecl 
and consists of six chapters on the history and development, chemistry and manufacture 
pharmacy, pharmacology, bacteriological control, and methods of administration of peni 
cillin. It is needless to state that the chapter on the history and development of the com 
pound, written by Fleming himself, is outstanding. The chapter on the chemistry aai 
manufacture of penicillin is likewise comprehensive, although tho different penicillin 
(F, G, X, and K) arc but barely mentioned and much of the space, with numerous illos 
trations, devoted to methods of manufacture could have been better expended on mort 
comprehensive discussions of the pharmacology and bacteriological aspects of the subject h 
view of their greater clinical importance. The phnrmncy of penicillin is devoted csclu 
sively to methods employed by the British Bharmneopein, and while Fleming adequate!) 
describes his own methods for the detection and nssaying of penicillin in the blood, urine 
and other body fluids, the Oxford cup and various serial dilutions methods nre so brief) 
and inadequately described as to be of but little or no value to laboratory workers. On< 
may also regret that so little is given on the antimicrobial activity of penicillin in vita 
and in vivo or likewise, on the subjects of natural and so-called acquired resistance o! 
bacteria to penicillin, with methods for determining the susceptibility of organisms to thi 
compound in vitro which arc so important in relation to penicillin therapy. 

The second soetion, 21 chapters totaling 257 pages, is devoted to the clinical aspect; 
of penicillin in the prophylaxis and treatment of disease. Some of these chapters, espe 
cially those devoted to the prophylactic use of penicillin, tho treatment of wounds aw 
gangrene and the treatment of dental and oral infections, are satisfactory. All of tb 
chapters summarize the clinical experience of British physicians and surgeons, and sob 1 
diseases are discussed in a very superficial fashion due to a lack of experience; this 
especially true of the venereal diseases and particularly of syphilis. Since the book wa; 
written by a large group of contributors, there is much useless duplication of material will 
special reference to methods of administration. For example, there .is a chapter on che. 
infections and another on chest surgery which could have been combined; likowise, then 
is a chapter on orthopaedic surgery and fractures and another on osteomyelitis wliicl 
could also have been advantageously combined. Why a chapter on penicillin and tb 
general practitioner was included is difficult to understand, particularly because of ' t: 
sketchy character and the fact that practically all of tho material is covered in othe 
chapters. 

While references to tho literature of American contributions to penicillin are no 
slighted, the value of the book from the reference standpoint is sharply limited. Thus 
the chapters on penicillin in the treatment of chest infections and on the treatment o 
brain and meningeal infections have no references at all, those on methods of adminis 
tration and on orthopaedic surgery and fractures have but one each, that on the chemist 
and manufacture of penicillin only two, and that on hand infections only three. 
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Modem Development of Chemotherapy. By E. Eavinga, E. TV. Julius, E. Veldstra, and 
K. C. Winkler. Elsevier Pub. Co., Amsterdam-New York, 1946. Price $3.50. Paper 
with 175 pages. 

In spite of the ever-growing burden of oppression and starvation in Holland due to 
the Tecent war, research was continued intensively in all directions. Some of the results 
were published in Dutch periodicals but most of them, for obvious reasons, were kept a 
secret during the war. The present monograph is one of a series s umm arizing this research 
work in different fields now being published, with the hope that they will further intensify 
the interest shown by the allied nations in the Netherlands and the whole-hearted prepared- 
ness of this courageous nation to contribute to the progress of mankind. 

The present monograph clearly and concisely summarizes the investigations of 
Havinga and Veldstra in Amsterdam and of Julius and Winkler in Utrecht on the follow- 
ing: The mechanism of action of the sulfonamide compounds and p-aminobenzoic acid; 
chemical investigations on the synthesis and activity of sulfonamide derivatives and of 
related compounds; pharmacological, immunological, and clinical investigations on sulfon- 
amide compounds; as well as a brief chapter bearing upon investigations on antibiotic 
agents in mycotherapy, with special reference to expansine. Foreign literature is referred 
to only in so far as it has a direct bearing on the Dutch research work. 

John A. Kolmep., M.D. 

Eenal Hypertension. By Eduardo Braun-Menendez, Juan Carlos Fasciolo, Luis F. Leloir, 

Juan M. Munoz, and Alberto C. Taquini, Institute of Physiology, Faculty of Medical 

Sciences, and Institute of Cardiology, V. F. Greg Foundation, Buenos Aires, Argentina. 

Translated by Lewis Dexter, M.D., Harvard Medical School and Peter Bent Brigham 

Hospital, Boston, Mass. Charles C Thomas, Publisher, Springfield, HI., 1946. Price 

$6.75. Cloth with 451 pages. 

The authors’ purpose is to describe and evaluate studies in experimental hypertension 
made during the past fifteen years. Topics such as the production of hypertension in ani- 
mals, the renal vasopressor system, the roles endocrine and nervous influences play, and 
the possible correlations with hypertension in human beings are considered at length. Am 
excellent bibliography follows. 

The reviewer does not believe that present evidence justifies the strong views ad- 
vanced by the authors on many points. 

Thus, renal ischemia is apparently accepted as the initiating and common factor in 
experimental, renal, and clinical hypertension, although a close reading of the text shows 
no thoroughgoing proof of the assumption but a good deal of evidence to the contrary. 
The morphologic evidence that early in the disease hypertensive renal arteriolar sclerosis 
is often absent is disregarded, so the facts are whipped into a sort of ischemic party line. 
The authors subscribe to the notion that angiotonin (hypertensin) is the cause of the rise 
of arterial pressure in experimental and clinical hypertension. In so doing thev neces- 
sarily undcrcmphasize the failure to demonstrate such a substance in the blood of hvperten- 
sive dogs or human beings. 

Examples can be multiplied and only serve to show that this field of investigation 
is far from static. Since the authors’ assurance is not shared by most investigators their 
statements might well mislead those introduced to the subject bv a reading of this' book. 
Expression of emotional preferences perhaps too often occurs for writing of this sort. 

The book is ucll made and the translation good. It is recommended as a reference text 
for those engaged in the study of experimental renal hypertension. 

Robert Biechall. 
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Peripheral Vascular Diseases. By Edgar V. Allen, B.8., M.A., M,D., M.S. in Medicine, 
F.A.C.P., Division o£ Medicine, Mayo Clinic, Associate Professor of Medicine, Mayo 
Foundation, Graduato School, Univorsity of Minnesota, Diplomato of the American 
Board of Internal Medicine; Nelson TV. Barker, B.A., M.D., M.S. in Medicine, P.A.CJ’., 
Division of Medicine, Mayo Clinic, Associate Professor of Medicine, Mayo Foundation, 
Graduato School, University of Minnesota, Diplomnte of the American Board of Internal 
Medicine; and Edgar A. Nines, Jr., M.D., B.S,. M.A., M.S. in Medicine, F.A.C.P., 
Division of Medicine, Mayo Clinic, Associate Professor of Medicine, Mayo Foundation, 
Graduato School, University of Minnesota; with Associates in tho Mayo Clinic and Mayo 
Foundation. W. B. Saunders Company, Philadelphia, 194G. Price $10.00. Cloth with 
871 pages and 38G illustrations. 

This book is by' far the most extensive on peripheral vascular disease which has been 
published. There is a thorough review of what is known of disease affecting peripheral 
arteries, veins, and lymphatics. However, hypertension and vascular diseases of the central 
nervous system have not been treated becauso they aro considered as special subjects and are 
beyond the scope of tho present work. 

Well-documented pathologic and clinical descriptions, supplemented by discussions of 
pathologic physiology, are offered for each vascular disease. Chapters on nailfold capillaries, 
tho physiologic significance) of sweating, tho scalenus anticus syndrome, glomus tumors, and 
others were contributed by other authors. Theso chapters broaden the entire work. The 
surgical treatment of certain peripheral vascular diseases is considered in tho final chapter. 
The medical treatment of such disorders is extensively reviewed. In the preface the authors 
stated that they would not hesitate to express their own opinions, particularly regarding con- 
troversial points of therapy. In what is largely an impartial review of this subject, it seems 
that their reasons for rejecting certain forms of treatment arc usually made clear. 

The book will largely fulfill its two goals, to aid the physician and student in the study 
and caro of patients with peripheral vascular disease and to emphasize that "there remains s 
vast and fruitful field for research in peripheral vascular diseases/' 


John It. Smith. 
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III. The Relationship of Hemoglobinemia and of the pH of the Urine to 
Renal Damage Produced by Injection of Hemoglobin Solutions Into Dogs 

Edmund B. Flink, M.D. 

Minneapolis, Minn. 


H EMOGLOBINURIA occurring after hemolytic transfusion reactions has 
been a major problem in the use of whole blood transfusions since their in- 
ception. In 1667 Jean Baptiste Denys 13 first described the sequelae of a trans- 
fusion of incompatible whole blood (sheep blood). It is well known that serious 
reactions still occur after transfusion in spite of tests for compatibility, etc. 
There have been a large number of reports of anuria and death from trans- 
fusions since 1900. Hesse 50 received answers to questionnaires sent to 1,700 
clinics and hospitals all over the world. Two hundred seventeen cases of 
hemolytic shock following transfusions were reported. Out of 200 cases in 
which definite statements were made as to the outcome, 105 of the patients died, 
or a mortality rate of 52 per cent. Other authors 13 ’ 21> 45> 65 have reported small 
series of cases with comparable mortality rates. Hesse 49 also summarized the 
information available on the use of universal donors blood in the transfusion of 
patients of other groups and found twenty deaths occurring in a series of forty- 
eight reactions. Other isoagglutinins such as the anti-Rh agglutinin were not 
excluded in this group of cases, so lfigh titers of agglutinins in the donors plasma 
cannot be incriminated in all of these cases. Hardin 47 compared two series of 
transfusions in the Army Medical Service. There was no difference in the 
reaction rates between the 7,299 transfusions of group specific blood and the 
9,392 transfusions of universal donor blood. Blackwater fever' is the most im- 
portant cause of death of all patients with hemoglobinuria, for there are a large 
number of cases each year in tropical areas, and the mortality rate is approxi- 
mately 25 per cent. 3Sf C5 ’ 70 Recovery from either condition may occur after vir- 
tual anuria or oliguria of as much as a week’s duration. 8 ’ 15 > 50 > 31 > 41 > 45 > 56 > C5 > GS > 52 
Pathology of the Renal Lesion in Clinical Hemolytic Conditions . — The 
mechanism of renal damage has been the subject of many pathologic studies in 
the past. Werner 83 and Barratt and Yorke s demonstrated that the kidneys of 
patients dying from blackwater fever contained granular material in the l um ina 
of the tubules and attributed the urinary suppression to mechanical blockage of 
the tubules. Ayer and Gauld, 5 Baker and Dodds, Ci 7 Bordley, 13 Daniels and 
associates, 51 DeGowin and co-workers, 55 " 54 Goldring and Graef, 45 and Lindau 00 
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have contributed much to the study of elinical cases of hemolytic transfusion 
reactions and the pathologic study of the renal damage produced. Very little 
attention has been given to hcmoglobinemia. More surprising still, hemo- 
globinuria itself is not mentioned in some cases and is mentioned in a cursory 
manner in most reports. 

The renal lesions after transfusion reactions have been compared until those 
in other hemoglobinuria states, namely, blaekwater fever, 8 * 00 acute hemolytic 
anemias from drug administration, 37 * 63 burns, 81 and crush injuries. 10 March 
hemoglobinuria, 44 paroxysmal nocturnal hemoglobinuria, 4fl * 53 and paroxysmal 
cold hemoglobinuria 04 usually do not cause renal damage. Possible explana- 
tions for this will be discussed later. DeGowin and co-workers, 22 * 24 landau, 60 
Bordley, 13 and others 18 * 21 • 45 * T4 * 83 * 00 * 02 agree in all essential details about the 
pathologic findings. There are degenerative changes in the tubular epithelium, 
especially" of the loops of Hcnle and distal convoluted tubules, interstitial edema 
in the corticomedullary portion, granules- of hemosiderin in the cytoplasm of 
the cells of the proximal and distal convoluted tubules, and the appearance of a 
variable number of deeply pigmented easts in the lumina of the loops of Henle, 
distal convoluted tubules, and the collecting tubules. The degenerative tubular 
changes vary from mild vacuolization to necrosis and desquamation of cells. 
Calcium deposits in the degenerated tubules and definite signs of regeneration 
of epithelial cells have been found. 45 

The importance of the pigment easts has been a major point of dispute 
among students of the pathology of transfusion reactions and blaekwater fever. 
Baker and Dodds 0 are of the opinion that the casts cause obstruction of the 
individual nephron and, hence, cause l’enal insufficiency. Many other investi- 
gators 05 * 74 * 85 * 01 * 02 agree with this concept, but there arc some who believe that 
the cast formation is only" secondary to the tubular epithelial degeneration and 
not the cause of renal insufficiency. 5 * 25> 45 > 00 In their study of nine cases 
DeGowin and co-workers 24 concluded that several patients had evidence of renal 
tubular obstruction sufficient to cause uremia but that most patients had evidence 
of tubular epithelial cell necrosis and intej’stitial edema as the predominant 
lesion. Thus, they thought that there are several factors which operate in 
cases of hemolytic transfusion reactions in human beings. Others 13 * 1S * 21 have 
also taken this intermediate position. 

The liver is likewise involved in cases of hemolysis from any cause. 45 ' 60 
There is a variable amount of central necrosis of the lobules of the liver. In sonic 
eases of blaekwater fever and of transfusion reaction this is very severe, with 
the pathologic appearance- of acute atrophy of the liver. The reticulo-endothelial 
cells of the spleen, liver, and ly*mph nodes contain a large number of hemosiderin 
granules. 

Experimental Production of Renal Damage by Injection of Hemoglobin 
Solutions. Many" attempts to reproduce the renal damage in experimental 
animals have been partially or completely successful. Ponfick 70 in 1875 was the 
first one to attempt to reproduce the lesions occurring in blaekwater fever. He 
found that the injection of heterologous blood into dogs, eats, and rabbits re- 
' sulted in hemoglobinuria and the deposition of pigmented easts in the tubules of 
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the kidney. Levy 50 injected pure hemoglobin solution and both hemologous and 
heterologous blood cells into rabbits. He observed that the epithelium of the 
proximal convoluted tubules became swollen but retained its staining quality. 
Casts appeared in the loops of Henle and the collecting tubules. In some' tubules 
the epithelium was entirely denuded. 

Yorke and Nauss 04 injected homologous hemoglobin solution into rabbits 
and found that unless the rabbits had been taking a dry diet before the injection 
and unless the hemoglobin solution was concentrated anuria did not occur. The 
largest dose used by them was 13 Gm. at a single injection. The renal pathology 
was reported to be like that of blackwater fever resulting in urinary sup- 
pression. Barratt and Yorke 8 showed that if hemolyzed blood were centrifuged 
to remove the stroma of the red cells much larger amounts were then tolerated 
by rabbits. Sudden death resulted during or immediately after injection when 
the stroma was not removed. Other authors 6 - 12 have had similar experiences. 
Levy, 59 however, was unable to produce any renal lesions by injecting erythrocyte 
stroma alone. 

Baker and Dodds 6 reported results of three rabbit experiments and gave 
very incomplete protocols as to dose, pH of urine, and details of pathology. 
When the injected rabbits were getting a diet with an acid ash, they found that 
the urine was brown in color and contained much sediment; however, when 
the rabbits were getting an alkaline ash diet of green vegetables, the urine was 
red and clear. The acid urine contained methemoglobin and oxyhemoglobin, 
but the alkaline urine contained only oxyhemoglobin. They concluded that 
intravascular hemolysis resulting in suppression of urine caused blockage of 
the renal tubules only when the urine is acid. 

DeGowin and co-workers 33 - 34 injected hemolyzed dog erythrocytes into a 
number of dogs under various experimental conditions. Some of the dogs were 
fed an alkaline ash diet and the others a cooked meat diet with 8.0 Gm. of 
ammonium chloride daily. The doses of hemolyzed erythrocytes were measured 
in terns of the volume of packed red blood cells (unwashed) and ranged from 
3.0 to 35.0 c.c. per kilogram of body weight with an average of 10 c.c. per 
kilogram. When the urine was alkaline, four dogs received thirty-two trans- 
fusions of more than 10 c.c. of hemolyzed red blood cells per kilogram but did 
not develop fatal renal insufficiency; however, when the urine was acid, seven 
out of twelve dogs given comparable doses of hemolyzed blood cells died of 
uremia, frequently with terminal rigidity and convulsions. Three died after a 
single transfusion, and four dogs died from uremia after an injection of 9.5 to 10 
c.c. of hemolyzed packed red blood cells per kilogram. DeGowin and co-workers 
also gave small doses of hemoglobin (2 c.c. of packed cells per kilogram body 
weight) daily for thirteen days to a dog with acid urine and to one with alkaline 
urine; they found no evidence of renal damage in spite of continuous hemo- 
globinuria. The kidneys of the dogs dying from uremia had many large casts 
in the loops of ITenle and distal convoluted tubules and degeneration or necrosis 
of the tubular epithelium in some areas. Several of {lie dogs with neutral or 
alkaline urine during injections were sacrificed when in good health. There was 
no evidence of cast formation or damage to the renal epithelium in these dogs. 
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Wakeman and associates 85 were able to produce anuria and death in dogs 
by intraperitoneal injections of large doses of hemoglobin solutions. The patho- 
logic appearance of the kidney was similar to that noted by DeGowin and co- 
workers. Many others have -failed to produce renal damage but have used much 
smaller doses and have paid little or no attention to this fact. Foy and asso- 
ciates 40 have criticized DeGowin ’s work stating that cxtrarenal factors of 
dehydration, hypochloremia, or acidosis probably accounted for the results ob- 
tained in acidified animals. However, DeGowin and co-workers specifically state 
that their animals were maintained in good condition on the acid diet for 
months without losing weight and that the carbon-dioxide combining power and 
plasma chloride levels were within normal limits before injecting hemoglobin 
solutions. The vomiting occurred only after animals had been injected. Some 
of these animals developed hypochloremia and alkalosis from vomiting after 
uremia had set in. In one of Bordley’s cases’ 3 hypochloremia was not a feature 
in spite of the development of uremia. DeGowin and Baldridge" found normal 
carbon-dioxide combining power and chloride concentrations in their patients 
at the time of transfusion reactions. In the clinical history of patients with 
urinary suppression due either to transfusion reaction or to blackwater fever, 
the oliguria or anuria usually developed before any dehydrating factors such as 
vomiting could occur. A patient with blackwater fever reported by "Wakemnn 
and associates 85 had moderate depletion of chlorides on the day following 
development of hemoglobinuria. Nausea and vomiting in this patient were 
severe. 

Bing” used solutions of oxyhemoglobin and methcmoglobin made from 
crystals of the respective pigments instead of hemolyzed blood cells as used by 
most other investigators. However, the largest dose of hemoglobin used was 
13.0 Gm., or a dose about one-third of the average amount used by DeGowin. 
Bing made a careful study of tubular and glomerular function. He was able 
to produce profound renal damage in dogs rendered acidotic by large doses 
of ammonium chloride following injection of 3.5 to 13.5 Gm. of methcmoglobin 
solutions. Marked tubular damage and only rare pigment casts were observed 
microscopically in the kidneys of these dogs. Dogs with a normal alkali reserve 
did not develop any decrease in renal function when 5.5 to S.l Gm. of 
methcmoglobin were injected. No decrease in function was observed in either 
normal or acidotic dogs when oxyhemoglobin solutions were injected. Bing 
produced an actual acidosis and not just an acid urine. 

Aubertin and co-workers 4 ’ ° 8 were able to produce varying degrees of renal 
insufficiency in dogs by the injection of varying doses of hemoglobin solutions 
after preliminary bleeding of the dogs. The largest doses uniformly caused 
severe renal injury or death from anuria. Those dogs with transient oliguria 
recovered completely, while those with longer-standing oliguria developed 
chronic renal insufficiency and death. In the pathologic material they found 
many pigment casts and were thus led to stress the obstruction of the tubules. 
-Epithelial, degeneration occurred also. No attention was given to the reaction 
of the urine. 
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The Mode, Site, and Amount of Hemoglobin Excretion by the Kidney . — 
Many investigators have studied the mode and site of excretion of hemoglobin 
by the kidney and the renal threshold for hemoglobin in man and experimental 
animals. Bieter 10 showed that hemoglobin was not excreted by the aglomerular 
toadfish but was excreted by the catfish and the eel in comparable doses. 
Doubling the dose of hemoglobin failed to produce hemoglobinuria in the toad- 
fish. Albuminuria could not be produced in the toadfish either. Webster and 
associates 86 were unable to produce hemoglobinuria in frogs by perfusing the 
renal portal system with hemoglobin solution, but they were able to produce 
it by perfusing the aorta of the same frog preparations. Newman and Whipple 70 
showed that repeated injections of hemoglobin in doses below the minimal renal 
threshold for excretion resulted in no deposit of iron pigment in the convoluted 
tubule cells. Lison 61 injected hemoglobin solution directly into the tubule 
lumen and found absorption of the hemoglobin granules into the tubule cells. He 
also ligated the renal artery of frogs and injected hemoglobin solution. No 
hemoglobin was excreted by the kidney and no granules of pigment appeared 
in the tuhule cells. Yuile 96 agrees that hemoglobin escapes only by way of the 
glomerulus. The renal thresholds' for hemoglobin can be explained on the same 
basis as thresholds for glucose and other substances, namely, that the tubule 
cells reabsorb all hemoglobin excreted up to a certain level. 

■ Monkc and Yuile 69 determined the simultaneous plasma clearance rates for 
creatinine and hemoglobin when plasma hemoglobin concentrations were about 
250 mg. per cent. Hemoglobin clearance was found to be 3 per cent of that 
of creatinine. They found renal thresholds in a large series of dogs to vary 
from 80 to 150 mg. per cent. Yuile and Clark 98 also determined the myo- 
hemoglobin clearance rate and found it to -be 55 to 60 per cent of that of 
creatinine. The difference can he explained on the basis of the molecular weight 
of the two hemoglobins. Myohemoglobin has a molecular weight one-fourth of 
that of hemoglobin, or approximately 17,000. Monke and Yuile 69 postulate that 
only 3 per cent of the glomerular pores are electrostatically large enough to allow 
the escape of the hemoglobin molecule. The uniformity of the process indicates 
that it is not a matter of glomerular injury. 

The threshold for hemoglobin has been determined in human subjects a 
number of times. Sellards and Minot 80 showed that injection of hemoglobin 
solution into human subjects could be carried out without untoward reactions. 
They used as much as 33 c.c. of packed red blood cells hemolyzed with distilled 
water. Gilligan and co-workers 43 injected 1.3 to 16.4 Gm. of hemoglobin in the 
form of hemolyzed red blood cells into fifteen human subjects. When the plasma 
level was increased above 135 mg. per 100 c.c., hemoglobin appeared in the 
urine. When this level was once exceeded, hemoglobin continued to appear in 
the mine until the level dropped to 30 to 50 mg. per 100 cubic centimeters. 
They found that albumin was excreted in addition to hemoglobin, even when 
there was no pre-existing albuminuria, and continued to be excreted for a short 
time after hemoglobinuria ceased. 
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Ottenberg and Fox” injected 3.47 to 8.25 Gin. of hemoglobin as hemolyzed 
red blood cells into twenty subjects. They found that the renal threshold was 
quite variable and tiiat five of thirteen subjects villi plasma levels from 200 to 
2SS mg. per 100 e.c. did not have hemoglobinuria. When the plasma hemoglobin 
level did not exceed the threshold, the curve of disappearance of hemoglobin from 
the plasma was a straight line. 

0 ’Shaughnessy and associates,” Duesbcrg, 27 and Fairley 35 ' 34 also have in- 
jected hemoglobin solutions into human subjects. The largest dose injected into 
any patient was 50 Gm., 72 and this amount produced some subjective symptoms 
but no renal injury. Hemoglobinuria lasted thirty hours. Oilier investigators 
also have noted rigors and some pain in the muscles and back from injections of 
hemoglobin. Duesbcrg 27 shoved that the bilirubin concentration of the serum 
had increased thirty minutes after injection was completed and reached a peak 
a variable time later depending on the dose of hemoglobin and the patient’s 
condition. Ottenberg and Fox 73 confirmed this observation. 

The amount of hemoglobin excreted by the kidney after intravenous injec- 
tion of a solution depends on the dose. Drabkin and associates' statement" 6 
that 9.5 per cent of the injected dose is excreted has been quoted widely, but 
it has been clearly demonstrated that the percentage varies with the dose in- 
jected unless oliguria or anurta arc produced and that it may be as great as 33 
per cent of the initial dose. 43 ’ 72, 30 Likewise flic duration of hemoglobinuria 
varies directly with the dose injected but also depends somewhat on the general 
condition of the patient or animal. 

Reid 77 placed the kidney of a number of dogs in collodion plethysmograpbs 
and determined the effect of the injection of distilled water on the renal volume. 
There was a transient marked decrease in the volume of the kidney after the 
injection of 0.5 to 1.5 e.c. of water for each kilogram of body weight. The 
shrinkage lasted one or two minutes. lie also injected laked dog blood made 
isotonic with sodium chloride. Five cubic centimeters of laked dog red blood 
cells caused the most marked decrease in renal volume, lasting up to twehc 
minutes. Anesthesia did not abolish the decrease in volume. A denervated 
kidney responded the same as the normal kidney. Mason and Mann 07 made 
direct observations on the frog kidney following the intravenous administration 
of a solution of pure hemoglobin and concluded that the decrease in volume 
of the kidney resulted from generalized contraction of the renal arterioles and 
arteries. x 

Hesse and Filatov 48 found that the injection of homologous hemoglobin 
solutions caused decrease in the renal volume lasting from several to twenty-five 
minutes, depending on the dose of hemoglobin. Heterologous blood caused a 
similar shrinkage of the kidney. Initially they found that complete denervation 
of the kidney prevented the shrinkage of the observed kidney. However, in 
later experiments by a group of investigators 83 from the same laboratory, it 
was clear that decerebration, transection of the cord, cutting the splanchnic 
nerves, and denervation ofj the kidney did not prevent the shrinkage; therefore, 
they concluded that the kemoelnhrn ifsAi-p nanca*? renal vessels* 
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Hesse and Filatov 48 showed that transfusion of compatible blood promptly 
relieved the spasm of the renal vessels, that is, the volume and pulsations of the 
kidney returned quickly to normal. On the basis of this evidence they recom- 
mend the use of compatible blood transfusion as a treatment of hemolytic trans- 
fusion reaction. They believed that all the manifestations of hemolytic trans- 
fusion reactions could be explained on the basis of spasm of renal vessels, but 
later reports by members of the same group, Hjin and Mincev, 53 ’ 54 conclude 
that some factor in addition to spasm accounts for renal damage. 

Amberson and co-workers 2 were able to replace completely the blood of 
cats, dogs, and rabbits with a Ringer-Locke solution containing 12 to 14 Gm. 
of beef hemoglobin per 100 cubic centimeters. The animals were able to walk 
around the laboratory but they did not eat or drink and anuria developed. Some 
lived as long as thirty-six hours. 

De Navasquez 23 injected hemoglobin solutions into rabbits and determined 
the iron content of the kidneys. He found that the animals excreting acid urine 
retained less iron and for a shorter time than those excreting alkaline urine. 
On the basis of this evidence he concluded that the rabbit was able to excrete 
hemoglobin better when the urine was acid. The dose of hemoglobin was rela- 
tively small, less than 1.0 Gm. per kilogram. Foy and associates 40 cite evidence 
that the mammalian kidney is better able to excrete solids when the urine is 
acid than when the urine is alkaline. This argument, however, does not take 
into account the matter of solubility of hemoglobin at various pH levels. 

Maegraith and Havard 63 summarized mortality statistics of blackwater 
fever before the use of alkalies and after their use. In their summary of the 
series of cases reported by three different authors the mortality rate ranged 
from 19 to 25 per cent before the use of alkalies. In five different reports, but 
of a smaller number of patients receiving alkalies, the mortality rate ranged from 
20 to 37 per cent. Maegraith and Havard concluded that alkali therapy has not 
benefited a group though it may have helped individual patients. They also 
pointed out the fact that patients with oliguria or anuria often continue to have 
an acid urine in spite of continuing alkali therapy. Anuria developed in some 
cases where the urine was alkaline immediately before the hemoglobinuria and 
continued to be alkaline after oliguria commenced. Foy and Kondi” likewise 
have observed that patients with alkaline urine develop anuria. 

Do Navasquez 23 acidified the urine of a patient with paroxysmal hemo- 
globinuria due to cold and then induced an attack by immersion of the arm in 
ice water. Hemoglobinuria lasted six hours, the highest plasma hemoglobin 
value was GSS mg. per 100 c.c., and an estimated 13.0 Gm. of hemoglobin were 
liberated. No renal insufficiency developed, and De Navasquez cites this as 
evidence that an acid urine is not a factor in renal damage resulting from hemo- 
globincmia. This, however, represents but a small amount of hemolysis, and it 
is probably incorrect to draw conclusions one way or the other from De 
Navasquez’ experiment. 

There arc several considerations which are overlooked in most discussions 
of hemoglobinemie states, and it would seem that the most important of these is 
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the actual amount of hcmoglobinemia present at the height of the reaction prior 
to the onset of oliguria or anuria. It is insufficient to determine the level of 
plasma hemoglobin a day or two after the onset of hemolysis, for it has been 
amply demonstrated that hemoglobin is rapidly removed from the blood stream 
in man and in animals. 33 ’ 34> * 3 ’ 72> 73 Fov and Kondi 38 determined hemoglobin 
concentration of their patients with blackwater fever twelve to twenty-four hours 
after onset. Though they make a statement that the amount of hemolysis seems 
to he unimportant, their protocols indicate that the patients who died from anuria 
had the highest levels of plasma hemoglobin. Fairley and Bromfield 31 found that 
the highest hemoglobin concentrations occurred in their three fatal cases (3.6, 
4.6, and 5.14 per cent of normal hemoglobin concentration in these eases). 

The plasma level of hemoglobin was determined in four cases of hemolytic 
anemia due to sulfonamides by Fox and Ottenhei'g. 37 Twelve to forty-eight 
hours after the onset of hemolysis the total hemoglobin pigment levels ranged 
from 0.4 to 1.7 Gm. per 100 cubic centimeters. Two patients died from anemia 
and renal insufficiency. At autopsy on one patient dying three days after 
onset, the kidneys showed a large number of hemoglobin casts chiefly in the loops 
of Ilenle and distal tubules. Foy and associates" studied a patient dying from 
uremia as a result of an acute hemolytic anemia due to benzyl sulfanilamide. 
Quantitative determinations of the urine and plasma pigments were carried out, 
hut no mention is made of the hemoglobin level in the plasma until the fifth day 
after jaundice was noted. At that time there were 291 mg. of methemalbumin 
(the pigment described by Fairley 3 *) and 90 mg. of oxyhemoglobin per 100 c.c. 
but no methcmoglobin. 

The plasma hemoglobin levels in cases of paroxysmal nocturnal hemo- 
globinuria (Marchiafava-Mieheli type) studied by Ham 40 and Hoffman and 
Kracke 52 ranged as high as 279 and 2S8 mg. hemoglobin per 100 c.c. of plasma 
Ham reports one death from renal insufficiency but this patient had an acute 
pyelonephritis. Altschule and Gilligan 3 report a case of acute massive hemo- 
globinuria with jaundice and anemia. The nonprotein nitrogen rose to 90 mg- 
per 100 c.c. of blood during the course of the hemoglobinuria but returned 
to normal afterward. The plasma hemoglobin level was 500 mg. per 100 c.c. 
twenty-four hours after the onset, but it may well have been higher at some 
time earlier. Hemoglobinemia continued for eighteen days. 

Recently, Shen and co-workers 81 studied eleven patients with hemoglobinuria 
out of forty with extensive second and third degree bums. Plasma or serum 
hemoglobin levels ranged from 65 to 215 mg, per 100 c.c. at an unspecified time 
after the burn. In four out of five patients with hemoglobinuria who lived five 
days or longer, azotemia of moderate severity occurred in spite of re-establish- 
ment of adequate urine flow with fixed low specific gravity of the urine. The 
kidneys of six patients were studied histologically and were consistent with 
hemoglobinuria. Olson and Necheles 71 studied bums experimentally and found 
that renal insufficiency was most likely”- to occur when the plasma hemoglobin 
level was highest. They found levels as high as 2,000 mg. per 100 cubic 
centimeters. 
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EXPERIMENTAL METHODS 

Animal Experiments (Explantation of One Kidney ). — Explantation of the kidney has 
been carried out many times in the past. The first mention of this procedure is made by 
Allen in 1925. 1 Loeschtc. C3 explanted kidneys for the purpose of study of experimental 
hypertension. The renal pedicle was clamped intermittently and hypertension was pro- 
duced. Biopsies were obtained by subjecting the dog to a surgical procedure. Entz and 
Huggins 29 explanted the kidney extracutaneously and were able to protect it sufficiently to 
prevent ulceration until a thick leathery capsule developed. Total kidney function as 
measured by the phenolsulfonphthalein test was unaffected by the procedure. Rhoads- 8 car- 
ried out a somewhat more elaborate procedure in that the renal vein was also anchored sub- 
cutaneously so that repeated samples of renal vein blood were obtainable. Explantation of 
one kidney caused no change in the urea clearance. Removal of the other kidney caused 
no greater fall in urea clearance than if the remaining kidney had been in normal position. 
Gabriele 12 showed that the renal blood flow remained the same if the kidney were displaced 
outward and downward. However, if the renal pedicle were moved upward to form an acute 
angle with the great vessels, renal blood flow in that kidney decreased. Autopsies in the dogs 
used in the present experiments revealed an angle of 90 degrees or more with the great 
vessels and no kinking or stretching were found. Explantation of a kidney does not alter 
its blood flow appreciably. 

Mongrel dogs weighing from 6.25 to 13.6 kilograms were chosen as the experimental 
animals. Each dog was anesthetized with sodium pentobarbital given intravenously. An 
oblique incision was made along the right costal margin beginning about 3 cm. from the 
midlino dorsally. The muscle layers immediately caudal to the costal margin were split 
along the direction of their fibers. The peritoneum was incised and the kidney freed from 
its peritoneum and perinephric fat by blunt dissection. Care was taken not to dissect around 
tho renal pedicle for the kidney could be mobilized adequately without interfering with the 
pedicle. The kidney was delivered through the opening in the muscle layers and rotated 
through an arc of about 75 degrees so that the upper pole was directed dorsally and slightly 
cephalad. The peritoneum and muscle layers were closed loosely around the pedicle using 
silk or linen suture material. Finally the skin was sutured using sulfathiazole powder along 
the incision. No dressings were applied. The skin sutures were removed on the sixth or 
seventh days. In several dogs there was a minor separation of the skin margins which 
healed satisfactorily in a short while. One dog suffered a wide separation of the skin margins 
on tho fifth day directly exposing the kidney. The kidney became ulcerated and finally it 
was necessary to sacrifice the dog without using it for an experiment. This was the only 
failure out of eleven dogs operated upon. The postoperative tissue reaction usually subsided 
in two or threo weeks. The kidney was mobile to a certain extent but often the skin was 
attached to it. 

Biopsy Technique . — •'When the reaction to operation had completely subsided the area 
over tho explanted kidney was shaved and prepared with Novak’s antiseptic. One per cent 
procaine hydrochloride solution was used as a local anesthetic. A Silverman needle* was used 
to obtain biopsies of the kidney. Tripoli and Fadcrs< and Hoffbauertn have used this in- 
strument for biopsy of the liver. The author is indebted to Dr. HoiTbauer for helpful sug- 
gestions regarding the use of the needle. The poles of the kidney were used for biopsy sites 
for tho most part. The needle was directed in such a way as to avoid the hilus region. The 
core of kidney tissue removed was placed in 10 per cent formalin in physiologic saline solu- 
tion. As soon as the needle was removed the kidney was compressed between two fingers for 
a period of three to five minutes; it was possible to prevent hematoma formation at the site 
of biopsy by this compression. About SO per cent of attempted biopsies were successful in 
obtaining satisfactory tissue for sectioning. In earlier experiments biopsies were obtained 
prior to any injection, but in later experiments biopsies were obtained only after injection. 
Sixty satisfactory biopsies were made and a« many as ten from a single kidney were obtained. 

•Vim No. It made by the MacGro-or Instrument Co.. Needham. Mass. 
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The dogs were anesthetized with sodium pentobarbital given intravenously and catheter- 
ized leaving the catheter in place for eight to ten hours after completion of the injection ot 
hemoglobin or hemolvzed blood solution. No. S French ureteral catheters were used for male 
dogs. Blood was obtained for hematocrit deter min ation after which the solution was in- 
jected at a rate of about 20 c.c. per minute into a forepaw vein. Subsequently, blood speci- 
mens for plasma examination and hematocrit were obtained by venepuncture or femoral 
artery puncture immediately after completion of injection and at intervals during the first 
eight hours. Isotonic sodium citrate was used as an anticoagulant in the first four experi- 
ments, but a correction for the volume of citrate solution is necessary since an appreciable 
dilution occurs when one volume of solution to nine volumes of blood are used. For the rest 
of the experiments one drop of 25 per cent sodium citrate solution per 5 c.c. of blood was used 
and no correction for dilution was made. Artificial hemolysis is not induced by the 25 per cent 
sodium citrate when the blood is otherwise handled with care. 

Urine was collected at variable intervals depending on the rate of urine flow. An at- 
tempt was made to collect separately urine of grossly comparable concentration. After re- 
moval of the catheter all the urine was collected by the use of metabolism cages. Freshly 
voided specimens were collected when possible during the first few days after the injection. 

Chemical Procedures and Oilier 'Methods . — The concentration of hemoglobin in the solu- 
tion, the plasma, and the urine was determined by the pyridine hemochromogen method de- 
scribed previously.35 The urine hemoglobin concentrations were determined directly, that is, 
without extraction with ether, for the concentrations were great. It was found that no error 
resulted by using the method described for plasma. Both urine and plasma had such great 
concentrations of hemoglobin that it was necessary to use 0.02 to 0.10 c.c. samples initially 
and from 0.1 to 0.5 c.c. later. It is necessary to use the reagent grade of pyridine in order 
to get uniform results. The method is as follows: The citrated blood is centrifuged as soon 
as it is obtained and the plasma is withdrawn. Plasma samples (0.02 to 0.05 c.c. or more up 
to 0.5 c.c.) are placed in Evelyn colorimeter tubes. The plasma is diluted with dilute am- 
monium hydroxide to 7.5 c.c. and finally to 10 c.c. with 0.5 c.c. of pyridine and 2.0 c.c. of 
freshly prepared 0.2 per cent sodium hydrosulfite. A duplicate tube for center setting de- 
terminations is set up in the same manner but with 1.0 c.c. less ammonium hydroxide, thus 
allowing for 1.0 c.c. of 3 per cent hydrogen peroxide. Readings are obtained in five minutes. 
The following formula is used: 

Concentration — ______ m g_ hemoglobin per 100 c.c. plasma 

L - (2 - log G) = “L” value 
G - galvanometer readings 
V = c.c. of plasma used 
K = 1.843. 

Hematocrit determinations were made using dry mixed ammonium and potassium ox- 
alate as anticoagulant and the IVintrobc hematocrit tube. Unfortunately, several control 
specimens clotted so that some of the experiments had to be excluded from certain calcula- 
tions involving hemodilution, etc. Blood specimens were usually obtained at twenty-four hour 
intervals for the duration of hemoglobincmia and at variable intervals for the determination 
of the blood urea nitrogen, depending on the circumstances of each experiment. The blood 
urea nitrogen was determined by the direct ncsslerization of a Folin-lVu filtrate of blood 
incubated with urease.” The method has been adapted for use with the Evelyn colorimeter. 

Microscopic examination of urine sediment was carried out at intervals as seen in the 
tables of each experiment. Only fresh urine specimens were examined. 

Spectroscopic examinations were carried out using a Zeiss hand spectroscope. Methemo- 
globin concentrations in Experiment 10b were carried out by the method of Evelvn and 

Malloy.ro 

The pH of the urine was determined by the use of a Coleman No. 3 electrometer. Won 
the reaction is recorded ns alkaline or acid, nlkaeid ribbon* was used. The pH was determined 
in two hours or less after collection directly from the dog. 


•ri'ticr Scientific Co.. Fiitsburnli. r.v. 
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EXPERIMENTAL OBSERVATIONS 

Nineteen experiments on ten dogs were done. Serial biopsies were ob- 
tained in eleven experiments and were satisfactory for pathologic examination. 
The earliest biopsies were obtained four to eight hours after injection of hemo- 
globin solutions in Experiments 3, 4, 5a, G, 7a, 8, 9, and 2 Oh and twenty-four 
hours afterward in Experiments 7b, 10a, and 11. 

Data regarding the volume, quantity of hemoglobin, plasma hemoglobin 
levels, hemodilution as measured by hematocrit changes, duration and extent 
of hemoglobinuria, pH of the urine during the first twenty-four hours, blood 
urea nitrogen levels, presence of easts are recorded in Tables I and II. The 
data regarding the first four experiments are not included because of the 
relatively small quantities of hemoglobin injected, but some of these experiments 
are represented on the graphs listed as Experiment 2a to 2d; Two dogs died 
shortly after the injection was completed (Experiments 2g and 5b). 

Dogs 5a, G, 7a, 7b, and 10a recovered promptly from the effect of the 
infusions and anesthesia. Dogs 5a, G, and 7a bad acid urine and Dogs 7b and 
10a had alkaline urine. Dog G developed an infection (proved to be renal 
abscesses at autopsy) and became progressively more ill after the fourth day. 
None of the above dogs developed renal insufficiency. Dogs in Experiments 
3, 4, 8, 9, 10b, and 11 developed renal insufficiency' at least temporarily or died 
from uremia. Dogs 3, 4, 8, and 10b bad alkaline urine and Dogs 9 and 11 
had acid urine. Dog 3 was seriously' ill for about three weeks; then it recovered 
partially' but contracted a respiratory' infection and died from pneumonia on the 
forty-sixth day. Dog 8 was ill from the time of injection and contracted a 
respiratory' infection on the fourth day but responded to sulfadiazine therapy 
and recovered. Dog 4 was ill for three or four day's btit recovered completely. 
Dogs 9 and 11 became progressively more ill and had twitchings and convulsions 
terminally, vomited frequently, and died from uremia. Dog 10b died approxi- 
mately thirty-six hours after injection; the immediate cause of death was not 
determined but there was extensive renal damage at autopsy'. 

One animal (Dog 5b) died three hours after the injection, either from shock 
or from cardiac irregularity which was noted just before death. There wasa 
moderate amount of free peritoneal fluid which contained 2.5 Gm. of hemoglobin 
per 100 cubic centimeters. In the other experiments the spleen and liver often 
were engorged at the time of injection and the veins were greatly' distended. 
In Experiment 2g the dog died about eight hours after completion of the 
injection. The spleen was large and the peritoneal cavity contained hemo- 
globin-stained fluid. All the organs bad hemorrhagic areas throughout their 
substance. The lumen of the intestines contained a considerable quantity of 
blood. 

, Unfortunately blood pressure determinations were not obtained. From ob- 
servation of the pulse volume there probably was some lowering of the blood 
pressure in the first eight-hour period. It is significant that at no time did 
anuria occur; in other words, the blood pressure did not decrease enough to 
cause complete failure of excretion of urine. 
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EXPERIMENTAL OBSKItVATIONS 

Nineteen experiments on ten dogs were done. Serial biopsies were ob- 
tained in eleven experiments and were satisfactory for pathologic examination. 
The earliest biopsies were obtained four to eight hours after injection of hemo- 
globin solutions in Experiments 3, 4 , 5a, G, 7a, 8, 9, and 30b and twenty-four 
hours afterward in Experiments 7b, 10a, and 13. 

Data regarding the volume, quantity of hemoglobin, plasma hemoglobin 
levels, hemodilulion as measured by hematocrit changes, duration and extent 
of hemoglobinuria, pll of the urine during the first twenty-four hour's, blood 
urea nitrogen levels, presence of casts arc recorded in Tables I and II. The 
data regarding the first four experiments are not included because of the 
relatively small quantities of hemoglobin injected, but some of these experiments 
arc represented on the graphs listed as Experiment 2a to 2d. Two dogs died 
shortly after the injection was completed (Experiments 2g and 5b). 

Dogs 5a, G, 7a, 7b, and 10a recovered promptly from the effect of the 
infusions and anesthesia. Dogs 5a, G, and 7a bad acid mine and Dogs 7b and 
10a bad alkaline urine. Dog G developed an infection (proved to be renal 
abscesses at autopsy) and became progressively more ill after the fourth day. 
None of the above dogs developed renal insufficiency. Dogs in Experiments 
3, 4, 8, 9, 10b, and 11 developed renal insufficiency at least temporarily or died 
from uremia. Dogs 3, 4, S, and 10b had alkaline urine and Dogs 9 and 11 
had acid urine. Dog 3 was seriously ill for about three weeks; then it recovered 
partially but contracted a respiratory infection and died from pneumonia on the 
forty-sixth day. Dog 8 was ill from the time of injection and contracted a 
respiratory infection on the fourth day but responded to sulfadiazine therapy 
and recovered. Dog 4 was ill for three or four days bill recovered completely 
Dogs 9 and 11 became progressively more ill and had Iwitchings and convulsions 
terminally, vomited frequently, and died from uremia. Dog 10b died approxi- 
mately thirty-six hours after injection; the immediate cause of death was not 
detennined but there was extensive renal damage at autopsy-. 

One animal (Dog 5b) died three hours after the injection, either from shock 
or from cardiac irregularity which was noted just before death. There was a 
moderate amount of free peritoneal fluid which contained 2.5 Gm. of hemoglobin 
per 100 cubic centimeters. In the other experiments the spleen and liver often 
were engorged at the time of injection and the veins wore greatly distended. 
In Experiment 2g the dog died about eight hours after completion of the 
injection. . The spleen was large and the peritoneal cavity contained hemo- 
globin-stained fluid. All the organs bad hemorrhagic areas throughout their 
substance. The lumen of the intestines contained a considerable quantity of 
blood. 

• Unfortunately blood pressure determinations were not obtained. From ob- 
servation of the pulse volume there probably was some lowering of the blood 
pressure m the first eight-hour period. It is significant that at no time did 
amma occur, m other words, the blood pressure did not decrease enough to 
cause complete failure of excretion of urine. 
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vomltus would bo collected Just as voided urine would be. 

^Solutions of crystalline hemoglobin wore used In these experiments. 
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/ An attempt was made to determine the size of the kidney by palpation 
during the immediate postinjeetion period. In no instance did the kidney 
seem to shrink in size, but in several dogs it seemed to enlarge slightly. For 
several hours following injection the consistency was uniformly firmer than 
before. External measurements by means of a ruler confirmed the impression 
that shrinkage did not occur. Of course, there may have been some change in 
volume which could have been determined only by plethysmography. 

From the data in Table II it is evident that methemoglobin appeared in the 
urine much earlier when the urine was acid than when it was alkaline. In all 
except Experiment 10b the hemoglobin solution contained no methemoglobin 
or less than is detectable by spectroscopic examination. The solution used in 
10b contained 13 per cent methemoglobin and the rest was oxyhemoglobin. 

The results of the renal biopsies can be summarized for Experiments 5a and 
5b, 6, 7a and 7b and 10a by stating that little or no renal damage could be 
detected at any time after injection. Rarely casts were found in some of the 
tubules during the period of hemoglobinuria and were fairly numerous in 
Experiment 7a. (Sections are normal otherwise so they will not be illustrated.) 
The convoluted tubule cells contained many granules of pigment which 
had the staining qualities of hemosiderin. A few of these granules were found 
in the kidney as long as 112 days after injection (Dog 4). Hemosiderin 
granules were numerous in the retieulo-endothelial cells of the spleen and liver, 
too. The explanted kidney of Dog 6 was partially destroyed by multiple ab- 
scesses, but the rest of the kidney and the normally placed kidney were entirely 
normal at autopsy. The same fundamental structural changes were present in 
the normally placed kidney as in the explanted one at autopsy in every dog, 
except when an abscess (Dog 6 and 11) or hematoma (Dog 9) were found in 
the explanted kidney. 

Casts appeared in the urine in abundance in practically every experiment. 
The casts were brown and granular in appearance. Although quantitative 
determinations were not made, it was apparent that the number of casts was 
greater in some experiments when the urine was acid than in any when it was 
alkaline. The casts were not identified chemically but very likely were derived 
from hemoglobin because of their brown-red color and their occurrence immedi- 
ately after hemoglobinuria started. The casts in the tubules of the kidney did 
not stain with ferricyanide so they did not contain any free iron. Many of the 
casts in the tubules had a crystalline structure. The casts stained uniformly with 
the eosin stain and had a color similar to red blood cells stained with eosin. 

The pathologic findings in dogs with renal damage were more interesting. 
The urine was alkaline during the first twenty-four hours in Experiments 3, 4, 
8, and 10b and acid in Experiments 9 and 11. An attempt will be made to illus- 
trate early damage, its progress, and finally partial or complete healing. Space 
does not permit inclusion of description of all of the sections obtained; there- 
fore, only the most characteristic findings will be described. 

Four hours after the injection in Dog 3 there was slight vacuolization of the 
epithelial cells in the proximal and distal convoluted tubules and there were 
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Fig. 2. 

globl/s!iuVl^ Kid Nume?ou s 3 Jas\ l s k blo ? s .J; Gained one day after Injection of M*g 

tubular epithelium (X150). are ev *^ ent antl there are early degenerative changes in 

There are veryextensive* 1 deeenemtive°eh?^!?£. I ve «i? a5 * s . af , ter ln 3 ect lon of hemoglobin solution 

section have many hemoglobin casts in the tubuiL ^xSOO^ 0 C °' !s ' ° ther portlons of 1 
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Fie. s. 



Fig. 4. 

i i * 3 - — Kidney, Doe 3: biopsy obtained seventeen days after injection of hemoglobin 

solution. The epithelium of the convoluted tubules shows many evidences of healing as well as 
Persisting degenerative changes in other areas (X150). 

Fig. 4.— Kidney, Dog 3; autopsy forty-six days after injection of hemoglobin solution 
■inorc are narrow wedges of normal cortex interposed between areas of tubular atropbv. The 
convoluted tubule cells in the atrophic areas have many hemosiderin granules (when stained 
with a ferricyanlde stain). The lumlna of the atrophic tubules are narrow but patent. The 
Photomicrograph depicts an area of healed cortex adjacent to one atrophy with large hemoglobin 
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many hemoglobin casts in the loops of Ilenlc and of the distal convoluted 
tubules. The cytoplasm of the cells of the proximal convoluted tubules had 
red staining globules. Twenty-four hours after the injection Die lamina of 
the majority of loops of Ilcnle and Distal convoluted tubules were full of hemo 
globin casts (Fig. 1). There was swelling of the cells of some proximal con 
voluted tubules and the nuclei were pyknotic. At forty-eight hours the tubular 
epithelium showed further degeneration. At five days exti'eme vacuolization of 
the cells and some disorganization of the tubules in both the cortex and coitico- 
medullary portion had appeared (Fig. 2). The number of easts in the cortico- 
medullary portion (not shown in the photomicrograph) was ns numerous as on 
the first day. At ten days there was evidence of beginning regeneration of 
tubule cells. At seventeen days most of the casts were in the eortieomeduliari 
portion. In the cortical portion as shown in Fig. 3, some of the tubules were 
lined by fiat or low cuboidal cells and apparently were undergoing atrophy, but 
others were regenerating and had nearly normal appearance. 
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. v,, ^61* £ — Kidney, !Dog 8; alkaline urine; autopsy thlrtv-fKc da vs after Injection of 
atroDl) V °ln ^whi el^th p tfihnip cortex gOPcars to be normal, but there are wedge-shaped areas 
medullary tubules (x 205 h arC shrunken or 'mated and there arc hemoglobin casts in 

At autopsy on the forty-sixth day the surfaces of the kidneys were finch 
pitted. On section it was evident that the pits were represented by radio 
streaks of atrophy In an unstained section the medulla had brownish-red 
radial streaking. There were narrow wedges of normal cortex interspersed with 
areas of atrophy and easts. The lumina of the atrophic tubules were narrow 
ut patent. Pig, 4 depicted an area of healed cortex adjacent to one of atrophy 
with large hemoglobin casts in the lumina of the atrophic tubules (forty-sis 
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Fig. 6. 



Fig. 7. 

nunfber C of lr hemogiobln’ casts 'are t S^ Section of 
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The findings in Dog 8 were similar qualitatively. The number of easts 
and the degenerative changes were less marked and the lddneys at autopsy 
showed much less permanent damage and casts than in Dog 3. Some of the 
atrophic tubules were dilated (Fig. 5). The renal function had returned 
, practically to normal as evidenced by concentrating ability of the kidney. It 
is entirely possible that further repair of the anatomic damage would have 
occurred if the dog had been permitted to live. 

The changes in Dog 4 were just as severe in the early stages as in Dog 8, 
but the progress toward complete healing was rapid after the eleventh day. 
Some pigment casts and atrophic tubules were evident in biopsies obtained at 
fifty-one and eighty-three days. At autopsy the kidneys were entirely normal 
with the exception of rare pigment casts and atrophic tubules. Fig. 6 from a 
biopsy obtained five hours after the hemoglobin injection revealed the very 
early appearance of casts in the tubules in spite of the continuous alkalinity of 
the urine. Experiments 4 and S illustrate the power of the kidney to regenerate 
after severe tubular damage. 


In Experiment 10b the dog was given a solution made from 48.4 Gm. of 
crystalline hemoglobin. Thirteen per cent of the hemoglobin in this solution was 
methemoglobin. The pulse rate diminished to a low of 44 heats per minute sk 
hours after the injection, and the pulse was weak. Twenty-four hours after- 
ward the dog was listless and weak, but the pulse rate was 100 per minute and 
the pulse was strong. The dog was found dead forty-four hours after injection. 
Autopsy was not performed until fifty-two hours, or at least twelve houra after 
death. Unfortunately, considerable autolysis had occurred by this time. A 
biopsy (Fig. 7) obtained at eight hours revealed very many' casts throughout 
the cortex. At autopsy the casts were more numerous. The tubule cells were 
badly degenerated (at least some of this represents post-mortem autolysis). 


The results of Experiments 9 and 11 are so much alike that a description 
of the findings in Experiment 11 will suffice. Part of the explanted kidney w 
Dog 9 was replaced by an old hematoma. The hematoma probably was the 
result of trauma at the time of explantation, for there was troublesome bleeding 
from an artery over the lower pole. The hematoma may have been due to the 


initial biopsy. 


In Experiment 9 hemolyzed red cells were used, but in Experiment 11 a 
solution made from crystalline hemoglobin was used. Dog 9 died on the seventh 
day and Dog 11 was killed on the tenth day, for it was obviously moribund. 
Each dog vomited after the third or fourth day but not before. 

In Experiment 11, at twenty-four hours, there were many casts throughout 
the cortex and corticomedullary portion occluding the lumina of most of the 
loops of Henle and the distal segment. There were degenerative changes in the 
tubules not containing easts (Fig. 8). At three days degenerative changes were 
marked with desquamation of tubular epithelium, poor staining, and vacuoliza- 
tion of the cytoplasm and pyknosis of nuclei. Casts were very numerous. & 
six days the cells of the convoluted tubules were severely injured with more 
marked changes than noted at three days. At autopsy (ten days, Fig. 9) there 
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Fig. 8. 



Fig. 9. 

Fig. 8 — Kidney. Dog 11; acid unne; biopsy obtained one day after injection of a solution 
of hemoglobin crystals. The number of hemoglobin casts is the greatest of any of the experi- 
ments. There are degeneratKe changes in the tubules in the cortex (X2Go). 

Fig. p —Kidney, Dog 11; autopsy ten days after injection of solution of hemoglobin 
crystals The number of casts remains as large in the medulla and corticomedullary portions 
but Is le*s in the cortex. Cortical tubules show degenerative changes progressing to atrophy of 
some and dilatation of others (X265). 
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were many casts in the eorticomedullary portion. In the cortex there was evi- 
dence of atrophy of some tubules, dilatation of others, and continued degenera- 
tion as previously noted. There was evidence of healing of some of the 
degenerated tubule cells. The explant cd kidney had a small abscess at the lover 
pole, but the rest of the pathologic findings were identical in the two kidneys. 

Microscopic examination of the urine was carried out at frequent intervals 
as indicated in Tables I and II. Casts described, unless otherwise specified, were 
large, dark brown, and granular. Some easts had square ends but most of them 
had a shape similar to any tubular casts. In Dog It casts appeared in the very 
first urine obtained after injection of hemoglobin but also in the urine of most 
dogs very soon after hemoglobinuria started. Because of catheterization the 
significance of hematuria is questionable. 

In Dogs 3, 4, 8, 9, 10a, and 11 retention of urea nitrogen, excretion of mine 
of low fixed specific gravity, albuminuria, and in three dogs, death from uremia 
are interpreted as evidences of renal insufficiency. There probably was an in- 
creased rate of protein metabolism in these dogs. When one subtracts the 
amount excreted, the dose of the administered hemoglobin did not constitute 
more than a large protein meal which any dog can eat in 'one day. It is doubt- 
ful that vomiting and dehydration had any significant role in these cases until 
development of frank renal insufficiency and uremia. Dogs 9 and 11 did not 
begin to vomit until uremia was well established. Dog 4 developed only transient 
renal insufficiency and probably could be classed with the other group, but 
it is classed in the group with renal insufficiency because of the histologic mani- 
festation of moderate characteristic renal damage. No dogs developed nnnno, 
but the dogs with renal damage continued to excrete rather large volumes of 
low specific gravity urine. One determination of the ratio of the urine urea 
nitrogen to blood urea nitrogen was made. It was found to be 455/155 on the 
fifth day in Experiment 11. This is further evidence of failure to concentrate 
urinary solids. Other workers 10 ’ 3,1 81 have observed the development of uremia 
in spite of excretion of normal or even large volumes of urine. 

Graph I depicts the disappearance of hemoglobin from the plasma as evi- 
denced by the plasma hemoglobin levels during the first twenty-four hours, k 
may be noted that there is a rather sharp decline in levels during the first foW 
hours, but after that there is a more gradual and uniform decline. Hemo 
globinemia continued for forty-eight, hours or longer in all of the cases except « 
the experiments on Dog 2. (See Tables I and II for these details.) The dura 
tion-of hemoglobinemia is directly related to {lie dose of hemoglobin administered 

There is a relationship between the initial plasma hemoglobin level and tin 
dose of hemoglobin, but as illustrated in Graph II there are individual variation* 
which cannot be readily explained on the basis of differences in hemodilutiom 
One factor of importance is the concentration of the administered solution. I" 
every experiment (except Experiment 11) in which the initial plasma hemo- 
globin level was above 3.5 Gm. per 100 c.e., the concentration of the solution 
administered was greater than 7.0 Gm. per 100 cubic centimeters. Dog 1® ' s a 
good example of this effect, for with comparable doses of hemoglobin the initial 



Graph I. Plasma hemoglobin concentrations 
dn r i n a the first twenty-four hours. 
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Hours after Completion of injection 
Ornpti X. 
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plasma level was 3.38 when the concentration of the solution was 4.10 6m. per 
100 e.c. and 5.63 Gin. per 300 c.c. when the concentration of the solution was 
10.74 Gm. per 100 cubic centimeters. Of course, the factor of concentration is 
affected by the time necessary for administration and also by flic total dose 
administered, so the effect of concentration probably is a combination of factors. 
Nevertheless, it is desirable to administer as concentrated a solution as possible 
in order to cause renal damage. 


Graph II. Initial plasma hemoglobin concen- 
tration related to dose of hemoglobin. 



Grams of Hemoglobin per Kilogram 


Graph XX. 

Theie are many factors affecting the disappearaxice of hemoglobin from the 
cii eulation. Graph III illustrates the constant occurrence of hemodilution i” 
the experiments. The ratio of control hematocrit to hematocrit at the time is 
used, for it approximates the true extent of hemodilution. It may be noted that 
Dog 5 developed very definite hemoeoncentration at three hours and died twenty 
minutes later. Dog 11 also developed a minor degree of hemoeoncentration a 1 
eight hours, but the rest of the dogs either returned to normal or maintained 
some hemodilution at eight hours. When the blood for the control hematocrit 


X 
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clotted, the experiment is not represented in the graph. The statement has been 
made that shock occurs in acute hemolytic conditions because of the sudden 
disappearance of a large volume of red blood cells, 37 but it must be remembered 
that the hemoglobin remains in solution for a time. Because of the osmotic effect 
of hemoglobin the volume of blood probably is maintained at its original level 
initially and only gradually decreases. Furthermore, the osmotic effect of 
hemoglobin probably limits the level of hemoglobin ■which can be attained by 
injection of solutions. 



Splenic enlargement, which was evident on palpating the abdomen of all 
dogs immediately after completion of the injections, is also a manifestation 
of hemodilution. Another factor which cannot be evaluated accurately in the 
previously mentioned experiments is the occurrence of ascites with hemoglobin 
in the ascitic fluid. Ascites was present in Dogs 2 and 5 which died during the 
first eight hours of the experiments. In Experiment 5b it was possible to de- 
termine the hemoglobin level in the fluid a short time after the last plasma hemo- 
globin determination. The ascitic fluid level was only slightly lower than the 
plasma level. It is entirely possible that ascites was present during the earlv 
part of each experiment. 

In order to eliminate or to compensate for the two major factors influencing 
the level of hemoglobin, namely, hemodilution and excretion of hemoglobin by the 
kidney, the plasma hemoglobin levels were multiplied by the ratio of control 
hematocrit to the hematocrit at the time and by the ratio of the initial dose of 
hemoglobin to the difference between the total dose and the amount excreted up 
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to that time. Graph IV depicts the approximately corrected hemoglobin levels. 
It is seen that there is a more uniform disappearance rate illustrated by this 
graph than by plotting the hemoglobin levels directly as in Graph I. 

• The body of the dog is removing hemoglobin from the circulation at a rela- 
tively constant rate. The correction for hemodilution is justified, for it gives 
the plasma hemoglobin level which would theoretically occur if all the hemo- 
globin were contained in the original blood volume. The correction for renal 
excretion is also justified if one is considering the ability of the organism to re- 
move hemoglobin from the circulation, exclusive of the kidneys. The results in 
Experiments 4 and 10b cannot be explained readily. . 


Graph IV. Plasma hemoglobin concentrations 
corrected for hemodilution and renal excretion. 



Hours after Completion of Injection 

Graph IV. 

The amount of hemoglobin excreted is dependent on several factors. Graph 
V shows the scatter of per cent of hemoglobin excreted in relation to dose 
administered. It can be seen that there is an even distribution of dogs with acid 
urine and those with alkaline urine when large doses were administered. It 
be seen also that the lowest and the highest percentage excretion were found in 
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do"s with alkaline urine when the larger doses were used. As might be expected 
the dogs developing renal insufficiency excreted somewhat lower percentag 
than the other dogs. These findings do not agree with those of De Isavasquez 
who used much smaller doses in rabbits, but it is believed that these results are 
aore significant since the doses used were sufficient to cause definite renal in- 
ury in about half of the dogs. The percentage of total dose excreted is m 
mreement with observations of other investigators.* 3 ’ — ' 3 
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Graph V. 


Graph VI depicts the relationship of hemoglobin excretion in the first eight 
hours to total excretion and to urine volume. The amount of excretion in the 
first eight hours is roughly related to the development of renal insufficiency, 
but there is enough overlapping of values that no generalization can be made. 
Notice the closely comparable curves of volume of urine in the two groups. 

The plasma hemoglobin level of dogs given large doses of hemoglobin does 
not appear to be correlated very closely with the maximum urine concentration. 
It is noteworthy that in Experiment 2a the maximum urine concentration was 
ten times that of the plasma. The maximum concentrations in the urine oc- 
curred some time after completion of the injection and usually in the period from 
six to eight hours afterward. This may be related to available water for urine 
dilution. 



250 


FDtNK 


Graph VI. Excretion of hemoglobin in per cent 
of initial dose and volume of urine in .first 
eight hour period. 



Graph VI. 


DISCUSSION 

The results obtained by explanting one kidney of a dog and using a Silver- 
man biopsy needle have been satisfactory. It has been possible to obtain speci- 
mens for histologic examination of the kidney at as frequent intervals as con- 
sidered useful during the course of the experiments previously described. That 
representative samples of the kidney are obtained has been demonstrated by 
comparing the biopsy with autopsy specimens of the same animal a short 
time later. Up to now the progress of a lesion of the kidney produced by hemo- 
globin or other chemical agents has been studied by sacrificing animals at 
intervals after introducing the noxious agent or by examining the animals as 
they died of renal insufficiency. The method of obtaining serial biopsies should 
be of considerable use in the further study of induced hemoglobinuria, renal 
damage by chemical poisons, and experimental renal hypertension. 

There are some disadvantages to the method of needle biopsy. In tw0 
animals (Dogs 6 and 11) the explanted kidney had abscesses at one polel Since 
none of the rest of the kidney or of the other kidney had evidence of suppura* 
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tion, it is reasonable to ascribe tbe infection to ,an introduction of bacteria by 
the needle. More care in scrubbing and preparing the skin probably would have 
eliminated one of the abscesses. In the other case the novocain solution was 
contaminated and probably caused the infection. Small areas of infarction 
and later scarring of the parenchyma occurred after some of the biopsies. 
Hematuria resulted in some instances, and it was usually possible to identify 
microscopically some epithelium of the pelvis in the biopsy when hematuria 
had occurred. There were no serious sequelae from the hematuria. The pro- 
cedure was carried out occasionally without success in obtaining an adequate 
specimen. It can be done by a single individual, but help to compress the 
kidney afterward, to hold the dog, and to steady the needle makes the procedure 
easier and more certain of success. 

It is suggested that a record of sites of biopsy be kept on a diagram of the 
kidney so that the same area is not used more than once. This was not done in 
any of the previously mentioned experiments, but some of the unsatisfactory 
biopsies could have been averted and less scarring of the kidney probably would 
have resulted. 

In all dogs which developed renal insufficiency a number of casts persisted 
after cessation of hemoglobinuria. The most severe renal insufficiency oc- 
curred in the dogs with most marked accumulation of casts in the tubules 
(Experiments 9, 10b, and 11). Dog 3 developed severe renal insufficiency but 
had begun to recover some renal function when it died from pneumonia. The 
number of casts was almost as great as in the previously mentioned three in- 
stances. Dog S developed renal insufficiency lasting a shorter time than that of 
Dog 3. Dog 4 developed the mildest renal insufficiency and evidence of renal 
damage of the group. Again, the degree of insufficiency was correlated with 
the accumulation of easts in the cortex and medulla of the kidneys. The amount 
of tubular epithelial injury was directly correlated with the number of easts. 
In other words, hemoglobin casts and tubular epithelial injury are factors of 
equal significance in the production of renal insufficiency. 

The specific gravity of urine in patients with blackwater fever is said to be 
variable and of no significance, but an examination of the protocols of patients 
dying from uremia 8 - 95 reveals a fixed specific gravity of the urine even in the 
face of a severe oliguria. In burned patients with uremia following hemo- 
globinuria 81 normal or large volumes of urine with fixed low specific gravity were 
excreted. Ross 73 reported a group of patients with blackwater fever who never 
developed anuria and yet had renal insufficiency. Fairley and Bromfield 31 report 
a patient with blackwater fever who had polyuria from the start, developed 
uremia and acidosis, but eventually recovered. 

Patients who have developed renal insufficiency as the result of any acute 
hemolytic episode may recover completely without any signs of renal damage 
on testing years later. 13 - cs The recovery of animals after developing severe 
renal insufficiency has also occurred. In the present study it has been possible 
to follow the course of degeneration and subsequent healing or partial healing 
m Dogs 3, 4, and S. Figs. 2 to 5 reveal the gradual process of healing from a 
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stage of severe injury (Fig. 2) to licaling of some of the tubules and atrophy of 
others (Figs. 4 and 5). Less marked renal damage developed in Dog 4 and a 
longer period of observation was possible so that it had practically normal ap- 
pearing kidneys 112 day's after injection of hemoglobin. In some sections of the 
kidney in this dog an occasional atrophic tubule and rarely a cast could be seen 
but, for the most part, the kidney' was normal. The appearance of the sections in 
Dog 8 is intermediate between those of Dogs 3 and 4. In Dog 11 which lived 
ten day's after injection, there was evidence of beginning repair of the tubules 
of the cortex. 

The histologic changes in the various experiments correspond with those re- 
ported by' other investigators 8 ' °* 5(1 * 85 and to the photomicrographs published by 
DcGowin and co-workers. 24 It is noteworthy', though, that dogs which had dis- 
tinctly' alkaline urine developed renal insufficiency of all degrees of severity 
and that the histologic appearance cannot he distinguished from the dogs with 
acid urine which developed renal injury. This is at variance with the findings 
of DeGowiu and co-workers. Furthermore, they found only minor degenerative 
changes in the tubular epithelium of most of their dogs dying from renal insuf- 
ficiency'. Their photomicrograph showing regeneration corresponds to findings 
in some of the experiments mentioned in the article. Some necrosis and 
desquamation of tubular epithelium was noted in the kidneys of a few of their 
dogs. 

The histologic appearance of the kidneys of the previously described dop 
developing renal insufficiency' are very' similar to the pathologic findings m 
clinical cases. 7 * S1 * :4 * 45 Most of the reported eases of death from renal in- 
sufficiency occur on an average of seven to ten days after the initiating hemolytic 
accident, so that the findings correspond to those at the height of degenerative 
changes in the tubular epithelium and also at a time when the number of 
casts in the cortex seems to be diminishing in the dog experiments. When death 
occurs as early as twenty-four hours after the hemolytic episode, the tubule celts 
already show some degenerative changes. The appearance of hemoglobin easts 
in the renal tubule is a constant finding in the eases of hemoglobinuria with 
anuria in human beings and it is therefore pathognomonic of hemoglobinuria. 

In reports of clinical cases the number of casts noted was often small. How- 
ever, every section of a tubule need not be occluded by a east, for only one small 
segment of a tubule need be obstructed theoretically' in order to interfere with 
■ the function of the individual nephron. In a section of kidney parenchyma a 
single nephron is cut across in literally hundreds of places. Nevertheless, 
tubular cell injury is the predominant lesion microscopically in some transfusion 
reactions. 8 * = 4 * 48 No data are available on the number of casts nor does it seem 
possible to obtain such data. It is tine that the number of casts in the kidneys 
of human eases, especially of transfusion reaction, is less than found in some 
of the dogs of my experiments. 

The identity of the manifestations, and the lesions caused by' transfusion 
reaction on the one hand and those caused by intravascular hemoly'sis of the 
patient s own blood cells on the other, is very* important. One does not have to 
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look for some strange effect from the transfused blood, such as foreign protein 
or allergic or isoagglutinin effects. The changes are attributable to the hemolysis 
itself and hence to the products liberated from hemolvzed red blood cells. 

The type of solution does not alter the effect of hemoglobinemia. Severe 
renal damage was produced by a solution of hemoglobin made from hemoglobin 
crystals in two out of three dogs. With comparable amounts of hemoglobin 
(over 5.0 Gm. per kilogram) hemolyzed red blood cell solutions also produced 
serious renal damage in three out of four dogs. The crystalline hemoglobin 
solution was made according to the directions of Bing 11 who found no impair- 
ment of renal function as measured by creatinine and para-aminohippuric 
acid clearances but who gave much smaller amounts of hemoglobin. The renal 
damage produced by the two types of solution cannot be distinguished by 
histologic examination of biopsy or autopsy specimens. 

The possible deleterious effect of potassium in the solution can be excluded 
in these dogs for two reasons. In the first place, Kerr 17 has shown conclusively 
that the potassium content of dog red blood cells is no greater for practical 
purposes than that of dog serum. In the seeond place, administration of a solu- 
tion of washed crystals of hemoglobin would eliminate any soluble crystalloid. 

The most important single index of the probability of development of renal 
damage in the dogs I studied was the initial plasma hemoglobin level (Graph 
II). AH dogs which developed serious renal insufficiency had values above 3.7 
Gm. per 100 c.c. immediately after completing the injection of hemoglobin. 
Only Dog 8 had an initial level less than 3.7 Gm. per 100 c.c. and it developed 
only moderate renal damage. An evidence of the importance of the amount of 
hemoglobin in causing renal damage is the fact that five out of seven dogs given 
more than 5.0 Gm. hemoglobin per kilogram developed renal damage. Dog 4 
was given less than this amount and developed renal damage but had an initial 
hemoglobin level above 3.7 Gm. per 100 cubic centimeters.. 

Whether or not oxyhemoglobin alone is the responsible agent cannot be 
answered from these experiments. In Experiment 10b the methemoglobin con- 
centration and the total hemoglobin concentration were determined in all plasma 
samples and in the original solution. The plasma methemoglobin levels ranged 
from 0.704 to 0.530 Gm. per 100 cubic centimeters. The hemoglobin solution 
administered contained 13 per cent methemoglobin. The methemoglobin could 
he demonstrated easily by spectroscopy in all plasma samples studied in this 
experiment. It should be noted that methemoglobin appeared in the urine im- 
mediately in this experiment, but in other dogs with alkaline urine it never 
appeared until after an initial period of five to ten hours of observation. In 
the other experiments neither the hemoglobin solution nor the initial plasma 
specimen had enough methemoglobin to be risible by spectroscopy. It is prob- 
able, however, that methemoglobin was present in amounts less than that re- 
quired for spectroscopic identification. As little as 3 per cent of total hemoglobin 
pigments can be identified as methemoglobin by spectroscopy. 87 

Bing 11 concluded that methemoglobin was the toxic agent in hemoglobinemic 
states only when the urine is acid. The absence of renal damage in dogs without 
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acidosis does not account for the results in Experiment 10b nor in the other 
experiments on dogs with an alkaline urine. Methemoglobin has not been found 
to exist in the plasma of patients who have undergone a hemolytic transfusion re- 
action or developed blaekwater fever. 32 ’ 3<> 30 Methemoglobin has been found in 
the plasma of patients with hemolytic crisis from sulfonamides, 37 but it is 
probable that the sulfonamide had a direct effect in the production of methemo- 
globin. It does not seem possible at present to decide what importance should 
be ascribed to methemoglobin as the noxious agent in hemolytic conditions. Un- 
fortunately, quantitative determinations were not made in any but the last 
experiment; however, in this instance it was known that methemoglobin was 
present in large quantities by spectroscopic examination before injecting 
the solution. In previous experiments equally diligent search failed to demon- 
strate any methemoglobin by spectroscopy. Methemoglobin in the urine is not 
the cause of the renal insufficiency, per sc. In Dogs 5, 6, and 7 (Experiment 
7a) no renal insufficiency developed though methemoglobin was recognized in 
the urine from the time of the first few hours. On the other hand, methemo- 
globin did not appear in the urine of Dogs 3, 4, or 8 in the same period, in suf- 
ficient amount to he recognized spectroscopically, and yet renal damage occurred 
in these dogs. 

There is some evidence from clinical cases to support the thesis that the 
plasma hemoglobin level and/or the amount of hemoglobin liberated are the im- 
portant factors. Bordley 13 reviewed fifteen cases of hemolytic transfusion reac- 
tions. He found that the five patients who recovered received an average of 
314 c.c. of blood. Ten patients who died received an average of 564 cubic centi- 
meters. No patient receiving less than 350 c.c. died and none receiving more 
than 540 c.c. recovered. There have been reports of deaths occurring almost 
immediately after administering- less than 100 c.c. of blood, 02 hut such cases 
may well have a different significance than those developing renal insufficiency 
after transfusion reaction. 

In cases of hemolytic transfusion reaction which I previously 30 reported 
the only patient who developed anuria was one who had the highest level of 
hemoglobin a day after the transfusions. In the protocols of patients with 
blaekwater fever reported by Foy and Kondi, 30 Fairley and Bromfield, 31 and 
Yorke and associates 95 the patients with the highest plasma levels were the ones 
who developed oliguria and anuria. In the eases of hemolytic anemia with 
hemoglobinuria described by Fox and Ottenberg 37 one patient had a plasma 
level of 1.6 Gm. per 100 cubic centimeters. This patient died from pneumonia 
but had complete urinary suppression as a result of the hemoglobinuria. An- 
other patient who died also had renal insufficiency. The plasma level of this 
patient was much lower than that of the patient with pneumonia and was 
comparable to levels in the two patients who recovered. No statement is made a s 
to the time relationship of the individual values to onset of hemolytic anemia, so 
one cannot use the second case as evidence for or against the thesis. 

Another important factor becomes apparent in the study of paroxysmal 
nocturnal hemoglobinuria. Whenever the plasma hemoglobin levels in patients 
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with this malady have been determined they have been relatively low. The 
highest recorded level which could be found was 288 mg. per 100 cubic centi- 
meters. 52 Renal damage is not a feature of the disease. 83 It is probable that the 
amount of hemoglobin liberated is usually -not sufficient to raise the level 
dangerously. Renal damage or death from anuria is not mentioned in a review 
of paroxysmal cold hemoglobinuria. 64 

The relationship of the reaction of the urine to development of renal insuf- 
ficiency was the original purpose of the thesis. The original plan of conducting 
serial renal biopsies was to determine whether precipitation of hemoglobin oc- 
curs only when the urine is acid. The discussion of the pathologic findings 
in Dogs 3, 4, 8, and 10b is sufficient to refute this idea. The severest renal 
damage occurred in Dogs 9 and 11 with acid urine and Dog 10b with alkaline 
urine. Serious renal insufficiency and renal damage occurred in Dog 3 with 
plasma hemoglobin and total dose comparable to Dog 9 ; however, the dog was 
recovering but was still azotemic when it died of pneumonia at forty-six days. 
Dog 8 with an alkaline urine developed moderately severe renal damage and in- 
sufficiency when given a dose comparable to Dog 7 with an acid urine. Dog 7 
did not develop renal damage. The urine in Experiment 5 was so nearly neutral 
that it probably should be excluded from the present discussion of relationship 
of urine reaction. Two animals with acid urine (Dogs 6 and 7a) and two with 
alkaline urine (Dogs 7b and 10a) did not develop renal damage from hemo- 
globinemia. Prom these experiments it is impossible to say categorically that 
alkalinizing the urine does not benefit any dog or that acidifying the urine does 
not harm any dog. Alkalinizing the urine certainly does not prevent the forma- 
tion of hemoglobin casts in the kidney and does not prevent serious renal damage 
in all dogs. Under comparable conditions the dogs with acid urine and those 
with alkaline urine fared equally well or equally poorly, as the case may be. 
Severe and even fatal transfusion reactions can occur when the urine has been 
previously alkalinized. 14 ’ 25 In crush injuries 17 the benefit of alkalinizing the 
urine has not been definitely established but may have merit. 

The results of DeGowin and co-workers 23 ’ 24 are not strictly comparable to 
these experiments. The dogs given the acid diet may have had urine with 
lower pH (pH values not recorded), and their dogs with alkaline urine actually 
had neutral or slightly acid urine at times and slightly alkaline urine at other 
times. Some of the dogs with alkaline urine developed uremia of considerable 
proportions but recovered. Another difference is that their dogs were not anes- 
thetized. 

Cohn and Edsall 18 have summarized the available information regarding the 
solubility of hemoglobin in relation to pH. The isoelectric point of hemoglobin 
is pH G.6. The solubility of hemoglobin is at its minimum at this pH. Sodium 
and potassium chloride do not lead to a marked decrease in the solubility of 
hemoglobin or albumin in their saturated solutions. Sodium sulfate is one of 
the most effective salting out agents. Horse and dog hemoglobin are less soluble 
than human hemoglobin. This information, of course, does not take into con- 
sideration the possible effect of methemoglobin or hematin formation in acid 



256 


MANIC 


urine, but it is important to realize that hemoglobin is least soluble at about 
pH 6.5. Insufficient observations were made on the presence or absence of the 
manifestations of shock which may have occurred in some of the dogs. The 
influence of shock induced by continuous administration of histamine 58 for one- 
half to one hour is an interesting observation. No functional impairment of the 
kidney could be detected in spite of continuous anuria for the period of lowered 
blood pressure. Observations of the urine flow in the present' study indicate 
that at no time during the first eight hours after injection did the blood pressure 
drop low enough to cause complete cessation of urine flow. Renal blood flow 
may have decreased enough to allow excessive concentration of urine in the 
tubules. 

Yuile and co-workers 07 have recently reported results of some very im- 
portant studies on the effect of preliminary ischemia on renal damage due to 
hemoglobin. They injected hemoglobin solutions in doses ranging from 1.25 
to 2.32 Gm. into rabbits weighing from 2.15 to 3.2 kilograms. When the tubules 
of the kidneys had been previously damaged by a short period of complete 
ischemia or the administration of sodium tartrate, hemoglobin precipitated 
in the tubules of the damaged kidneys but not in normal kidneys. When the 
urine was acid hemoglobin casts were numerous and persistent and were asso-' 
ciated with renal functional disturbances, in contrast to the lack of such disturb- 
ances when the urine was alkaline. These observations may have an important 
hearing on the puzzling problem of the relation of shock and anoxia to the 
development of the crush syndrome, “transfusion kidney," and related lesions. 

SUMMARY AND CONCLUSIONS 

A method of obtaining serial biopsies •of the same kidney of a dog has been 
described. By explanting one or both kidneys to the subcutaneous space of the 
lumbar region the kidney becomes available for biopsy with a needle biopsy ap- 
paratus or for obtaining blood samples from the renal veins. Satisfactory bi- 
opsies were obtained. It is suggested that the technique may be used to ad- 
vantage for studying other problems related to experimental injury of the kid- 
ney by various agents. 

When 1 Gm. of hemoglobin or more per kilogram of body weight is injected 
into dogs, 25 to 40 per cent is excreted by the kidney. The remaining hemo- 
globin is destroyed in the retriculo-endothelial system or the circulating Wood 
with the production of bilirubin and hemosiderin. When excretion and heino- 
dilution are corrected for,' the rate of disappearance of hemoglobin is found to 
be more uniform during the first eight hours than is apparent from the plasma 
hemoglobin concentrations alone. In other words, hemoglobin is destroyed at a 
> fairly uniform rate by the dog. 

The amount of hemoglobin excreted is approximately the same when the 
urine is alkaline as when it is acid. This is true with relatively large doses of 
hemoglobin, and at comparable plasma hemoglobin concentrations: There are 
considerable variations in maximum concentrations of hemoglobin in the urine of 
dogs with comparable doses and plasma concentrations. 
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In' all dogs which developed renal insufficiency, the following two .patho- 
logic findings occurred together: (1) A large number of hemoglobin easts 
appeared in the loops of Henle and distal tubular segments, especially in the 
corticomedullary portion. The casts persisted for a long time after cessation 
of hemoglobinuria. The majority of tubules were occluded by casts in dogs 
with serious or fatal renal damage. (2) Degeneration of the tubular epithelium 
occurred as early as four hours, reaching a maximum at five to seven days. If 
the dog lived longer, gradual regeneration with eventual return to normal archi- 
tecture ensued. The results of the histologic observations agree with reports of 
other investigators, with the exception that dogs with alkaline urine had renal 
damage approximately as severe as those with acid urine. 

The most important indices as to development of renal damage in the dogs 
observed were the initial plasma hemoglobin concentration and the average of 
the initial and twenty-four hour plasma hemoglobin concentrations. When the 
initial concentration was over 3.7 Gm. per 100 c.c. of plasma or the average of 
the two concentrations was over 2.2 Gm. per 100 c.c., renal insufficiency devel- 
oped. Dogs with values below these levels all recovered without signs of permanent 
renal damage due to hemoglobinuria. The renal damage was just as severe when 
solutions of hemoglobin crystals were used as when centrifuged solutions of 
washed hemolyzed red blood cells were used in similar amounts and providing 
comparable plasma hemoglobin concentrations. The evidence obtained in this 
study did not offer support for Bing’s belief that the renal injury is due to 
methemoglobin, neither did it wholly exclude this possibility. 

None of the dogs developed anuria. Renal damage was manifested by an 
elevation of blood urea nitrogen, albuminuria, and excretion of urine of low 
fixed specific gravity. Casts were found in the urine during the period of hemo- 
globinuria in all dogs regardless of the urine pH. Casts were also found in the 
urine of dogs with renal damage after cessation of hemoglobinuria. 

The author wishes to express his appreciation for: the constant help and encouragement 
*n planning and carrying out the experiments and the helpful criticism of the manuscript by 
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THE TREATMENT OF PERNICIOUS AND RELATED ANEMIAS WITH 

SYNTHETIC FOLIC ACID 


I. Observations on the Maintenance of a Normal Hematologic Status and 
on the Occurrence of Combined System Disease 
at the End of One Year 


Carl F. Yilter, M.D., and Richard AY. Yilter, M.D., Cincinnati, Ohio, 
and Tom D. Spies, M.D., Birmingham, Ala. 


T HE synthetic Lactobacillus casci factor (pteroylghitamic acid), commonly 
known as folic acid, is acknowledged a potent agent in causing hematologic 
remissions in pernicious anemia and related macrocytic anemias. 3 ' 8 These 
include the macrocytic anemias of sprue, pregnancy, and nutritional macro- 
cjTic anemia. Many clinical and biochemical problems arose following the 
initial hematologic experiments. The present study was undertaken in Novem- 
ber, 1945, to answer two of the clinical questions: (1) Will folic acid con- 
trol the anemia of pernicious anemia and sprue for long periods of time as 
successfully as liver extract? (2) Will folic acid prevent the development of 
the neurologic manifestations of pernicious anemia or control theyi after they 
have appeared ? A long period of observation is required to obtain the answers. 
This article constitutes a progress report at the end of the first year of in- 
vestigation. 


MATERIAL and methods 


Tho twenty-eight subjects comprising the group studied were patients from the medical 
wards and dispensary, Cincinnati General Hospital, and patients referred to us bv private 
physicians, usually because of sensitivity to liver extract. Twenty-one patients lmd perniciou; 
anemia which had been controlled satisfactorily from two to seventeen years by injection of 
liver extract; three had pernicious anemia in relapse; two had sprue which had been poorly 
controlled by liver extract; one had nutritional macrocytic anemia; and one had macrocytic 
anemia and diarrhea secondary to an ileosigmoidostomy performed in 1937. Pernicious anemia 
was diagnosed by the following findings: macrocytic hypcrchromic anemia, Jcucopoaia, 
polymorphonuclear leucocyte hypersegmentation, thro’mbocytopenia, megaloblastic arrest of 
the erythrocyte series in the bone marrow, and absence of free hydrochloric acid in the gastric 
secretion after histamine stimulation on at least two occasions. The diagnosis of sprue nas 
made by the presence of steatorrhea, flat glucose tolerance curve, hypocalcemia, macrocytic 
anemia, megaloblastic arrest of tiro erythrocytes in the bone marrow, free hydrochloric acid 
in the gastric juice after histamine, and absence of evidence for pancreatic insufficiency. 
The patient with nutritional macrocytic anemia had free HC1 in the gastric secretions and 
a megaloblastic type of bone marrow and for many years had eaten a diet deficient in proteia 
and vita mins of the B complex. Fifteen of the twenty-four subjects with pernicious anemia 
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had had disease of the posterior columns, lateral columns, or peripheral nerves at some time 
in the past, but in only one instance was there any evidence of active neurologic disease when 
folic acid therapy was begun. Folic acid was given orally to each patient, usually in doses 
of 30 mg. three times a week but in several instances in doses as low as 10 mg. or as high 
as 50 mg. daily. Patients were visited in their homes to insure that the medication was taken 
as directed. All liver therapy was discontinued but no attempt was made to modify tho 
usual diets of the patients in their homes. Those who were brought into the hospital in 
relapse or for special study were given a diet from which meat, liver, and glandular products 
were excluded. 

« Complete medical and neurologic histories were obtained and physical and neurologic 
examinations performed on each subject at the beginning of the study. The examinations 
were repeated every three months, or more often if the condition of the patient demanded it. 
Erythrocyte and white blood cell counts were done on peripheral blood with equipment certified 
by tho United States Bureau of Standards. Hemoglobin was determined as acid hematin 
using the Elett photoelectric colorimeter; hematocrit determinations were made on oxalated 
venous blood (4 mg. potassium oxalate and 6 mg. ammonium oxalate per 5 c.c.) by the method 
of Wintrobe,» and reticulocyte and platelet counts were made by the wet technique using 
Damesbek’s method.™. All hematologic tests were performed daily while the patients were 
hospitalized and biweekly or monthly while they were followed in the clinic. Sternal bone 
marrow aspirations were performed on all patients who were observed in hematologic relapse. 
Cover slip preparations for cytologic study of peripheral blood and bone marrow were stained 
with Wright-Giemsa stain. 

Analysis of the gastric secretions after histamine stimulation was performed in each 
patient included in this study. 


HEMATOLOGIC OBSERVATIONS 

Seventeen of the twenty-one subjects with pernicious anemia in remission 
who received folic acid for approximately one year were maintained in a 
hematologic state equivalent to that achieved previously by adequate amounts 
of refined liver extract (Table I). In Cases 1 and 2 there was a fall in the 
erythrocytes and hemoglobin after nine to twelve months and in Cases 3 and 7 
there was an increase. Minor fluctuations in the hematologic values occurred 
in all patients. Inspection of the statistical data for all twenty-one patients 
revealed no significant change for the group in erythrocytes and hemoglobin- 
over the values at the beginning of folic acid therapy. Most of the patients 
noted an increase in appetite and weight. Three subjects with pernicious anemia 
in relapse (Cases 21, 23, and 24) had satisfactory initial hematologic responses 
following administration of 10 mg. folic acid daily. Two of the patients (Case 
23, Fig. 1 and protocol and Case 21, Fig. 2 and protocol) were not maintained 
in remission on this dose, and as neurologic symptoms developed they required 
increasingly larger doses of folic acid to maintain the hematologic remission. 
The third patient with pernicious anemia in relapse (Case 24, Fig. 3 and proto- 
col) treated with 10 mg. folic acid daily had a satisfactory' hematologic remission 
following a peak rcticulocytosis of 26 per cent on the eighth day and has main- 
tained this remission for twelve months on 50 mg. daily. 

Tho subject with nutritional macrocytic anemia (Case 27) received 10 mg. 
folic acid orally per day for four months. Reticulocytes rose to 11.6 per cent on 
the fifth day of treatment and erythrocytes and hemoglobin increased gradually 
from 2.6 millions per cubic millimeter and 14.3 Gm. per 100 c.c. to 4.7 millions 
and 15.7 Gm. in four months. Although folic acid therapy was discontinued 



Table I. Summary or Maintenance Studies With' Folic Acid in Twenty-Eight Persons With Macrocytic Anemia; Comparison op 
Hematologic and Neurologic Status op Each Patient at Beginning op Experimental Period and at Latest Examination 
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VILTER, VILTER, AND SPIES 


N G 63 * PERNICIOUS ANEMIA, I YEAR 



Pic. l. 


Case S3. — N. G., a G3-ycar-old wliito woman, had anorexia nnd mild dyspepsia for 8 
year and had lost 25 pounds in weight. Thero were no neurologic symptoms. The dietary 
excludod milk and eggs and the patient seldom ate meat. 

Physical examination revealed only pallor of the mucous membranes, a waxy color of 
the skin, and a few red papillae at the tip of the tongue. There were no neurologic ab- 
normalities. 


Laboratory studies on March 19, 1946, showed: erythrocytes, 1.57 millions; hemoglobin, 
7.2 Gm.j leucocytes, 4,950; reticulocytes, 1.6 per cent; platelets, 314,000; mean corpuscular 
volume, 121; mean corpuscular hemoglobin, 46; mean corpuscular hemoglobin concentration, 
38;^ a normal leucocyte differential count; bone marrow, megaloblastic arrest of the erythro- 
cyte series; normal gastrointestinal series; histamine refractory achlorhydria. 


Polic acid orally, 5 mg. per day for eleven days, was begun on March 19, 1946. On the 
twelfth day, March 31, 1946, the dose of folic acid was increased to 10 mg. daily and main- 
tained for approximately two months. In five weeks (April 25, 1946) the erythrocytes were 
3.31 millions, the hemoglobin 13.8 grams. The patient felt entirely well, and although red- 
ness of the papillae of the tip of the tongue waxed and waned there was no soreness. The ap- 
' vas excellent and there was a weight gain of 22 pounds. After two months (May 19, 
1 46) hematologic .values had fallen slightly and a neurologic examination showed: hyperactive 
knee and ankle jerks, positive Eomberg sign, and slight reduction of vibration perception at 
the ankles. The only subjective complaint was of attacks of weakness in the right leg. The 
dose of folic acid was increased at this time to 50 mg. orally daily. There was a gradual 


(Continued on opposite page.) 
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after four months, the patient’s diet was improved to include foods rich in 
“extrinsic factor(s).” Three months after discontinuing folic acid there has 
been no relapse and none is to he expected. 

The two subjects with sprue (Cases 25 and 26) were maintained in normal 
hematologic equilibrium. Remarkable improvement in diarrhea which had not 
been controlled by liver extract was noted in Case 26. Bowel movements de- 
creased from five to six daily to one daily and weight increased from 127 to 
147 pounds in two months. When folic acid therapy was diseontinud for three 
months, mild glossitis appeared but cleared rapidly when folic acid therapy 
was reinstituted. The second subject with sprue (Case 25) continued in a sat- 
isfactory state of remission and the weight increased from 119 to 126 pounds. 

The patient with macrocytic anemia secondary to ileosigmoidostomy (Case 
28) was maintained in as normal a hematologic state by folic acid therapy as 
by crude and refined liver extract therapy. This person had had six to eight 
bowel movements daily since 1937 in spite of liver extract and was weak and 
distressed by abdominal distention. After three months of folic acid therapy 
the bowel movements had decreased to three daily, the weight had increased from 
131 to 136 pounds, abdominal distention was partially relieved, and the patient 
was able again to play eighteen holes of golf without fatigue. (The improve- 
ment of a diarrhea essentially of a mechanical variety was not expected and no 
explanation is evident. Maintenance of a normal blood picture, however, sug- 
gests efficient absorption of folic acid from the small intestine.) 

NEUROLOGIC OBSERVATIONS 

Only one patient had subjective complaints or objective evidence of active 
central or peripheral nervous system degeneration prior to the administration 
of folic acid. This patient (Case 24, Fig. 3 and protocol) had numbness and 


rise in erythrocytes and hemoglobin during the next months (July 13, 1916) to 4.16 millions 
end 14.2 Gm., respectively. Within a week of the discovery of positive neurologic signs 
the patient noticed numbness and tingling in the hands and feet and unsteady gait. The 
neurologic signs and symptoms progressed rapidly in spite of a final increase in the dose of 
folic acid to 250 mg. orally daily for two weeks (Aug. 13, 1946). The patient was afraid 
to get out of bed for fear of falling. Numbness and tingling in the hands and feet were 
severe. Examination showed ataxia in arms and legs, hypalgesia over hands and feet, vibra- 
tion perception 50 per cent reduced at the ankles and knees and 25 per cent in the fingers, 
and perception of position slightly reduced in the toes, deep reflexes hyperactive and the snout 
reflex positive; there were no plantar reversal signs or clonus. 

At this point five months after continuous therapy with folic acid in increasing dosage 
and after a slight fall in erythrocytes and hemoglobin to 3.57 millions and 12.8 Gm., re- 
spectively, folic acid was discontinued (Aug. 27, 1946). Befined liver extract, 50 I7.S.P. units. 
"as administered intramuscularly daily for two weeks and twice weekly thereafter. In two 
ireeks the patient felt much better. The paresthesias had almost disappeared. She walked 
'yell but with steppage gait. The Romberg test was normal, and there was no ataxia. Pain , 
>ght touch, temperature, and position perception were normal. Vibration perception im- 
proved but after six weeks of liver therapy was still reduced approximated 30 per cent at 

mn-uv’ 20 per Cmt at the knees ’ 3113 10 per cent in the fingers. The ‘deep reflexes re- 
i • era ° tiVe ' AU redness disappeared from the tongue. The ervthrocvte* and 
moglolnn ro=e very slowly in six weeks to 4.13 millions and 14.1 Gm., respectivelv 
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MV. 59 ? PERNICIOUS ANEMIA 10 YEARS 



Case 21. — M. V., a 59-year-old white woman, had Addisonian pernicious anemia of ten 
years’ duration. Treatment with liver extract had been sporadic because of hypersensitivity 
reactions. Symptoms of relapse were weakness, pallor, and anorexia. On Jan. 15, 1910, S ' |P 
had received a hypodermic injection which was said to be iron cacodylate. 

Tlie patient was small, thin, and pallid. Glossal papillae were atrophied. There was 
no evidence of brain, spinal cord, or peripheral nerve disease. 

Laboratory studies revealed: histamine refractory achlorhydria; normal gastrointestinal 
series; erythrocytes, 1.07 millions; hemoglobin, “less than G Gm,” white blood cell count, 
6,250. 


Course: On Jan. 12, 194G, folic acid 10 mg. orally daily was begun. The blood picture 
improved and was well maintained on 10 mg. folic acid through the fifth month. At that 
time, however, stiffness in tho knees and numbness and tingling in the lingers occurred. 
Examination showed: Eomberg positive, ataxia in tho legs, pain and light touch sensations 
preserved, position perception impaired in the toes, and vibration not felt at the ankles and 
approximately 75 per cent reduced at the knees. Tho patient left town without notice but had 
a supply of folic acid adequate for 10 mg. daily for two months. She returned at the end of 
tins period unable to walk without assistance. She had evidently taken the folic acid but 
tho exact amount could not be determined. Mental deterioration was obvious. The patient 
seldom completed a sentence and her memory was poor. 

Examination showed: pallor, a few red papillae at the tongue tip; motor weakness 
at the ankles and knees; vibration perception absent at tho knees and ankles, reduced in 
pelvis, normal in hands; perception of position of the toes absent; marked ataxia in the legs 
and ankle clonus; knee and ankle jerks hyperactive; and plantar reversal signs positive- 
Erythrocytes were 2.59 millions, hemoglobin 10 grams. The bone marrow- showed moderate 
megaloblastic arrest in the erytliroid series. The patient was hospitalized and given 250 
mg folic acid twice daily for twelve days. There was a moderate reticuloeytosis to 8.6 
ceat on the sixth day and a slight increase in erythrocytes but no change in the neurologic 
disease Helmed liver extract, 50 U.S.P. units daily for seven days and then every other day, 
induced neurologic improvement in ten days (disappearance of clonus and a normal Chaddock 

( Continued on opposite page.) 
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ngling in the hands and feet, stocking type of hypesthesia to touch, and pin 
rick and dimin ished knee and ankle reflexes, interpreted as signs of peripheral 
3 uritis. 'While receiving folic acid, 10 mg. daily, the signs of peripheral neuri- 
s increased. Kemission or progression in these signs could not be correlated 
ith increases or decreases in the dosage of folic acid and for the last nine 
nnths the patient’s complaints and neurologic abnormalities have been es- 
mtially the same as when treatment was begun* 

After five to eight months on folic acid therapy, four subjects with per- 
icious anemia (Cases 20 to 23) noted the gradual onset of numbness and 
ingling sensations in the hands and feet, unsteadiness of gait, and moderate 
tiffness in the extremities. Neurologic signs appeared after the hematologic 
tatus had reached or was near normal and gradually progressed until there 
ras definite evidence of combined system disease. The neurologic abnormalities 
triplicated the posterior columns and peripheral nerves in four of the subjects, 
ateral columns in three, and cerebral cortex in one subject. None of these per- 
;ons had neurologic involvement of any type when pernicious anemia was di- 
ignosed initially or when folic acid therapy was begun. When signs of nervous 
system degeneration were unequivocal, usually indicated by the appearance of a 
positive Romberg sign, the extensor response on plantar stimulation, loss of sense 
if position and of perception of vibration in the feet, and hypesthesia and 
iypalgesia in fingers and toes, each of these four patients received 50 to 500 
mg. folic acid orally per day for ten to forty days. These large doses of folic 
acid resulted in no subjective or objective improvement. Refined liver extract 
(10 U.S.P. units per cubic centimeter), 3 to 5 c.c. given intramuscularly per 
day, was begun after it was obvious that amelioration of the neurologic signs 
and symptoms would not occur or when progression of the disease was so rapid 
as to endanger the patient’s future well-being. Within ten days thereafter im- 
provement in the neurologic status began. The dose of liver extract was reduced 
to 3 to 5 c.c. on alternate days, and convalescence is progressing satisfactorily 
in all four patients. The progression of neurologic disease in the two patients 
most severely affected is indicated in Figs. 1 and 2. Shown in Fig. 3, Case 24, 
is the course of the patient with peripheral neuritis in whom the exacerbations 
and remissions seemed to occur independent of folic acid treatment. Accompany- 
ing each figure is the appropriate case history. 

DISCUSSION 

As yet too little time has elapsed to make sweeping statements regarding the 
effectiveness of folic acid as maintenance therapy for the patient with pernicious 


response). In two months she was clear mentally and could walk without aid hut with a 
wide base. All plantar reversal signs had disappeared. There was slight swaying with the 
omberg test. The position of the toes was perceived after maximal stimulation. Vibration 
vas perceived at the knees but not at the ankles. The erythrocyte count ana hemoglobin had 
graduall y increased to 4.20 millions ana 14.4 Gm., respectively. 


•agKJBurg; a«taa i s',e sag ss s&fssss 
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Case SI. — M. V., a 59-year-ol(l white woman, had Addisonian pernicious anemia of In* 
years’ duration. Treatment with liver extract had been sporadic because of hypersensitmtj 
reactions. Symptoms of relapse were weakness, pallor, and anorexia. On Jan. 35, 19W, s - 
had received a hypodermic injection which was said to bo iron cacodvlate. 

The patient was small, thin, and pallid. Glossal papillae were atrophied. There "a? 
no evidence of brain, spinal cord, or peripheral nerve disease. 

Laboratory studies revealed: histamine refractory achlorhydria; normal gnstrointestma 
series; erythrocytes, 3.07 millions; hemoglobin, “less than 0 Gm.,“ white blood cell coun, 
6,250. 


Course: On Jan. 12, 1940, folic acid 10 mg, orally daily was begun. The blood picture 
improved and was well maintained on 10 mg. folic acid through the fifth month. At tha 
time, however, stiffness in tho knees and numbness and tingling in the fingers occurred. 
Examination showed: Romberg positive, ataxia in the legs, pain and light touch sensations 
preserved, position perception impaired in the toes, and vibration not felt at the ankles an 
approximately 75 per cent reduced at the knees. The patient left town without notice but ha 
a supply of folic acid adequate for 10 mg. daily for two months. She returned at the end of 
this period unable to walk without assistance. Sho had evidently taken the folic acid but 
the exact amount could not be determined. Mental deterioration was obvious. The patient 


seldom completed a sentence and her memory was poor. 

Examination showed: pallor, a few red papillae at the tongue tip; motor weakness 
at tho ankles and knees; vibration perception absent at tho knees and ankles, reduced w 
pelvis, normal in hands; perception of position of the toes absent; marked ataxia in the leg* 
and ankle clonus; knee and ankle jerks hyperactive; and plantar reversal signs positive. 
Erythrocytes were 2.59 millions, hemoglobin 10 grams. The bone marrow showed moderate 
megaloblastic arrest in the erythroid aeries. The patient was hospitalized and given 250 
mg. folic acid twice daily for twelve days, There was a moderate reticulocytosis to 8.6 pe r 
cent on the sixth day and a slight increase in erythrocytes but no change in the neurologic 
disease. Refined liver extract, 50 U.S.P. units daily for seven days and then eveiy other day, 
induced neurologic improvement in ten days (disappearance of clonus and a normal Chaddock 


(Continued on opposite page.) 
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anemia. It is impossible to predict how long a patient who has had adequate 
treatment with liver extract previously may go untreated without suffering a 
relapse. 11 The length of time before relapse depends upon such variables as _ 
the amount of stored erythrocyte maturation factor, the amount of intrinsic 
factor (however minute) produced by the stomach, the amount of extrinsic 
factor(s) in the diet, and the occurrence of infections and degenerative diseases. 
It is a well-known fact that adequately treated patients with pernicious anemia 
may suffer relapses within two to six months after liver extract is discontinued 
or they may remain in good health for as long as fifteen years. 12 Observations 
over a period of one year fall far short of being optimal; yet, considering the 
size of the group they suggest that folic acid will, in most eases, maintain the 
hematologic remission initiated by itself or by liver extract. There is no ob- 
vious mechanism to explain the fall in erythrocyte counts and hemoglobin levels 
in several of the patients. There was no evidence of" infection or abnormality 
other than pernicious anemia in these patients and no obvious change in diets 
or activities. The amount of folic acid which previously had induced a remis- 
sion in Cases 21 and 23 later seemed to be decreasingly effective in these same 
patients. Speculations on the mechanisms behind this are possible but too 
presumptive. 

It is evident that folic acid did not prevent the occurrence of combined 
system disease, nor did massive doses halt or reverse the degenerative process 
once it had begun. Liver extract on the other hand bettered the neurologic 
status. These observations augment the single case of treatment failure of 
i combined system disease reported by Moore 13 at the 1946 Meeting of the Society 
( for Clinical Investigation and similar observations of Bethel 14 and Hall 15 and 
their associates. They confirm the many rumors that synthetic folic acid has 
T "oved disappointing in combined system disease. On the other hand, Doan 8 has 
ported one subject with mild neurologic abnormalities which disappeared 
aring therapy with folic acid. The statement is made that “Minor neurologic 
gns and symptoms in patients in relapse have responded as promptly and 
jmpletely following L. cctsei factor supplements as with potent liver extract, 
ad no progressive cord lesions have as yet been noted.” 

Similar differences of opinion were recorded from 1927 to 1935, when the 
(feet of liver extract in combined system disease was under close scrutiny. 


lillions, tlic hemoglobin 11.1 grams. At this time (Dec. 17, 1945) there was proximal 
xtension of hypesthesia in the hands and appearance of stocking hypesthesia in the lege, 
hi Jan. 31, 1946, when the erythrocyte count was 4.19 millions and hemoglobin 13.0 Gm., 
urther extension of signs of peripheral neuritis were noted. Folic acid was again increased 
0 50 daily and continued through Nov. 20, 1946. In five weeks the signs of neuritis had 
cturned to the initial degree. Repeated neurologic examinations revealed no change through 
«cr, 1946. No definite signs of posterolateral sclerosis had been observed at any time 
tho signs of neuritis appeared and disappeared independent of folic acid therapy. In 
cptcmberjmd October, 1946, a slight fall in the hemoglobin and erythrocytes was noted and 
tn 1 ° v> 2 7 194G > 'he values were erythrocytes 3.9 millions, hemoglobin 10.7 grams. This oc- 
ivvred during an exacerbation of bronchial asthma and continued observation is nece«ary for 
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F.C. 66 $ PERNICIOUS ANEMIA, ASTHMA 
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Case Si. F. C., a 65-year-old wliito woman, complained of paresthesias in the 
and feet, intermittent glossitis, and progressive weakness for Bix weeks. Her two sister 
had pernicious anemia. The patient was pale and slightly icteric. The tonguo was norms 1 
^ ibratory perception was impaired at knees and nnkles ; perception of position of the t<* 
was intact; there was hyperalgesia and hypesthesia on the palmar surfaces of the hands; a"' 
knee jerks were hyperactive and ankle jerks hypoactive. 


Laboratory data revealed: erythrocyte count, 1.22 millions; hemoglobin, 4.7 Gm.; w' 1 ' 1 
°° ® oun ’ ’ P ac ^ e ^ ce P volume, 15 per cent; reticulocytes, 2.0 per cent; platelets 

/ 8,1^0; mean corpuscular volume, 127; mean corpuscular hemoglobin, 38.6; mean corpusculs 
lemoglobm concentration, 30.4; megaloblastic arrest in erythrocyte series in the stcrM 

® amine refractory achlorhydria. X-ray studies revealed a small hiatus herniJ 
and a duodenal diverticulum. 


QCicI ’ 10 da51 yi was given orally beginning on Nov. 15, 1945. Betk 0 ' 

Swentv davs th? “ T* ** reached a P eak of ** P«r cent on the W 

spectivelv and the rTr^ ^“ d hemo £ lobin had risen to 1.90 millions and 7.5 Gm-, * 

reduced to 30 mg- thrp ° t" ° 10 'I 88 increased to 50 mg. daily for seventeen days and tte 5 

reduced to 30 mg. three times a week. In another ten days the erythrocyte count was S* 

(Continued on opposite page.) 
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Careful studies during this period presented evidence for and against the 
beneficial effect of liver extract on the neurologic degeneration originally 
recorded by Minot and Murphy. 10 The effectiveness of liver extract was estab- 
lished only after many years of careful study and control of the potency. 
Therefore, final opinion must await further study of the effect of folic acid in 
various doses and by parenteral as well as oral routes of administration. Until 
a factor essential to the preservation of the central and peripheral nervous sys- 
tems is found and until much more is loiown concerning the mode of action of 
folic acid in hematopoiesis, liver extract will remain the safest effective agent for 
the routine treatment of pernicious anemia. 


SUMMARY 

1. Folic acid in doses of 10 to 15 mg. daily or 30 mg. three times a week 
given orally maintained twenty-one persons with pernicious anemia in apparent 
hematologic remission for one year. Three patients with pernicious anemia in 
whom treatment was begun during a relapse responded satisfactorily to an initial 
daily dose of 10 mg. folic acid, but two of them required increasing amounts 
daily to maintain the remission ; the third patient received 50 mg. daily for 
most of the year to determine the effect of the drug on peripheral neuritis. 

2. Folic acid given orally controlled the manifestations of sprue in tiro • 
persons for one year, nutritional macrocytic anemia in one person for seven 
months, and macrocytic anemia secondary to ileosigmoidostomy in one person 
as/or more effectively than liver extract. 

3. Folic acid in doses of 10 to 50 mg. daily did not prevent the development 
of combined system disease in four persons with pernicious anemia. After 
combined system disease developed, folic acid in doses of 100 to 500 mg. daily 
given orally did not stop its progression in these persons. Liver extract, how- 
ever, promoted rapid improvement. 

4. These observations suggest that an unknown factor or factors in hver 
other than folic acid are essential for maintaining the integrity of the central 
and peripheral nervous systems in persons with pernicious anemia. 

5. Folic acid cannot be considered satisfactory or complete treatment for 
pernicious anemia and should not replace potent liver extract in the routine 
treatment until another method for the protection of the nervous system is 
devised. 
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STUDIES OP THE DISTRIBUTION OP INTRAVENOUSLY ADMIN- 
ISTERED COLLOIDAL SOLS OF MANGANESE DIOXIDE 
AND GOLD IN HUMAN BEINGS AND DOGS 
USING RADIOACTIVE ISOTOPES 


C. \V. Sheppard, E. Burst Wells,® P. P. Hahn, and James P. B. Goodfxl 

Nashville, Tenn. 


introduction 


R ECENTLY in the course of internal radiation therapy using colloidal man- 
ganese dioxide containing radioactive manganese (Jin 02 ) 1 an opportunity 
has been presented to study the distribution of small particles in human beings 
when introduced intravenously. Similar observations have been made using 
colloidal metallic gold containing the radioactive isotope Au 103 . In several pa- 
tients whose disease came to fatal termination it was possible to determine the 
radioactivity of various tissues taken at autopsy, permitting a relative com- 
parison to be made of their concentrations of manganese or gold. Three patients 
also were studied whose life expectancy was a matter of hours. Here only 
tracer doses were given. One of these subjects received the material via the 
intraperitoneal route. The distribution studies in human beings were aug- 
mented by studies of distributions in dogs; a record was obtained also of the 
disappearance of colloidal gold from the circulation in one dog nnd in one hu- 
man subject. 


results 


In Table I is shown the relative distribution of radioactivity in selected 
tissue samples from eleven patients who had received radioactive manganese 
and two who received both manganese and gold. The distributions in patients 
receiving both isotopes were determined under conditions where the radiation 
from gold had disappeared. Thus only manganese is measured. Usually' sev- 
eral doses had been given ; however, due to radioactive decay, conditions were 
such that almost all of the radiation was due to a particular final dose. Since 
all values are relative some method of common comparison is required. Thus 
we have expressed the results in terms of the ratio of the activity per gram 
of tissue (wet weight) to that of the heart (muscle). Patient 6 is of particular- 
interest since the dose was given intraperitoneally to this subject. In Table II 
are shown equivalent data for two patients who received gold alone. We at- 
tribute the approximate tenfold difference in numerical results primarily' to a 
large variation in the content of the heart muscle in the two patients. In 
patient we were able to determine tissue concentrations in micrograms of 
per gra m of tissue. It was possible also to estimate the percentage of the dose 
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Table II. Distribution op Colloidal Gold in Human Beings 


ORGAN 

PATIENT 34 
RELATIVE 
ACTIVITY 

PATIENT 35 
RELATIVE 
ACTIVITY 

PATIENT 35 

GOLD 

CONCENTRATION 

PATIENT 15 
ESTIMATED me* 
TION OF INITIAL 
DOSE 

Liver 

28.6 

800 

0.76 

co% 

Spleen 

93.0 

430 

0.41 

3% 

Heart 

1.0 

1.0 

0.00095 

- 

Pancreas 

- 

1.4 

0.0013 

- 

Kidney 

Marrow : 

26.0 

1.9 

0.001 8 


Vertebral 

11.0 

_ 

- 

- 

Sternal 

Lymph nodes: 


120.0 

0.11 


Axillary 

2.0 

- 

- 

- 

Mesenteric 

- 

0.95 

0.0009 

- 

Corvicnl 

- 


_ 

- 

Periaortic 

2.9 

_ 

- 

- 

Lungs 

3.1 

46.0 

0.044 

2% 

Adrenal 

5.1 

2.0 

0.019 

- 

Testis 

6.2 

0.7 

0.00066 



In Patient 14 results are expressed In counts per minute per gram of tissue relative to 
heart muscle taken as unity. 


In Patient 15 concentrations In micrograms per gram of tissue arc given and estimates 
of the total fraction of the Initial dose in certnin organs are calculated. 


THE COLLOIDAL SOLS 

The manganese dioxide dispersions were prepared by oxidizing manganous 
chloride with potassium permanganate. Gelatin was used as the supporting 
colloid. The method has been described previously in more detail. 3 The sob 
were not dialyzed and there is some evidence that a small fraction of undispersed 
crystalloidal manganese is present. 2 Although precise determination of particle 
size was not made in each ease, frequent microscopic observations of these dis- 
persions using dark-field illumination showed that they were ultramicroscopic 
in size and exhibited a vigorous Brownian movement. In one case a sol was 
prepared for electron microscopy and a picture was taken.* The distribution 
in size of the particles of this sol was determined from the electron micrographs 
and is shown in Fig. 1. The second maximum may be due to the interaction o£ 
excess permanganate with gelatin. In all eases these sols had a deep brown 
color when observed by transmitted light and a greenish cast under reflected 
light. 

In the animal experiments quantities of the order of 5 mg. of gold or less 
could be dispersed with good control of particle size. The sols were prepared 
by reducing a solution of gold chloride with ascorbic acid. Due to the instability 
of ionic gold and the presence of excess ascorbic acid, the gold dispersal should 
certainly be complete. Although gelatin was used, it is not essential. At pH 
3 to 5 a characteristic dispersion was obtained containing relatively large 
particles. Such a sol was pale blue by transmitted light and had a heavy brick- 
colored blush under reflected light. The Tyndall beam was strong and an ap- 
preciable . fraction of the scattered light was unpolarized. Under dark-fkM 
illumin ation the particles exhibited a relatively sluggish Brownian motion. The 

Unlve»n£°of 0: Pitoburfh? 7 WaS Wndly done b >’ Dr - H. c. O'Brien, Department of JEW** 
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ADMINISTRATION 

Sols were given to the patients via the cubital vein. In most instances an 
isotonic saline infusion was first begun. The material was added to the in- 
fusion and washed in with further saline. In a few cases the sols were given 
directly by syringe. In one case serial blood samples were taken immediately 
following injection and at short intervals for about one hour thereafter. The 
disappearance of gold from the circulation is shown in Pigs. 2 and 3. The 
pertinent clinical data for the patients studied are shown in Table VI. The 
number of milligrams of material given and the intervals between the last dose 
and autopsy are included. 



Fie. 1. — Distribution in particle size of a typical manganese dioxide sol. 

The dogs were injected via the jugular vein. In all cases female mongrel 
animals were used. The animals were untrained and were not in a controlled 
state of nutrition. The animal weights, duration of life after injection, and type 
of sol given in each case are given in Table VII. In the case of gold each animal 
(Hogs 1 to 4) received the same total amount of gold, namely, 4 milligrams. A 
■ disappearance curve for one dog who received a gold sol of the large particle 
type is shown in Figs. 4 and 5. 
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Table IV. Variation in Gold Concentration in Liver and Spleen or One Dot 


LOCATION OF SAMPLE CONCENTRATION 


Liver — tip of right central lobe 8.0 

Liver — center of right central lobe 11.0 

Liver — top of right central lobe 10.1 

Liver — center of lobus quadratus 10.7 

Liver — center of left central lobe 13.3 

Liver — center of left lobe 12.G 

Liver — center of left lobus Spigclii 12.6 

Liver — center of right lobe 11.4 

Spleen — extreme dorsal end 9.9 

Spleen — one-third of total length from dorsal end 9.0 

Spleen — one-third of total length from ventral end 11.2 

Spleen — extreme ventrnl end 13.1 


The notation Is that of Ellcnburger and Baum. 1 
Concentrations are In mlcrograms of gold per gram of tissue. 

All spleen sections, 1 cm. thick, are taken transverse to the major axis of the organ. 


Table V. Distribution of Radioactive Manganese in Dogs 


ORGAN 

| DOG 5 

| DOG 0 

ACTIVITY 

1 PER CENT 
INITIAL 

1 DOSE 

RATIO TO 

1 HEART 


1 TER CENT 
INITIAL 

1 DOSE 

RATIO TO 
HEART 

Liver 

n.8 

5 5.0 

11.0 




Spleen 

1.7 

1.0 

1.0 




Pancreas 

7.1 

1.3 

0.0 




Heart 

1.07 

0.4 



MRMH 

■s 


Activities are in counts per minute per gram. 


particles were easily thrown out of solution by centrifuging' under an accelera- 
tion of about 2,000 grams. A sol of this type will be referred to as a large particle 
sol. Under alkaline conditions (pH 8 to 10) the sols bad a characteristically 
different appearance. They were both red by transmitted light and exhibited 
little or no blush. The Tyndall beam was faint but was highly polarized. Under 
dark-field illumination the particles showed a violent Brownian motion and could 
not he removed from suspension by centrifuging. . This sol will he called the 
small particle sol. Dark-field comparison of samples of the two sols having 
equal concentrations of gold showed that the small particle sol contained by far 
the greatest average number of particles per unit volume. Electron microscope 
pictures of the particles in both of these sols were obtained. These pictures 
showed that the particles were uniform in size and roughly spheroidal in shape- 
The large particles were about 200 m/i in size and the small ones about one- 
fifth to one-tenth as large. 

In therapy larger amounts of gold were dispersed at one time. Here the 
close control of particle size was not attained, but by adjusting the pH rough 
conti ol was still possible. The therapeutic sols were dispersed under alkaline 
conditions and contained particles which were on the whole similar to those of 
the small particle sols. The color to transmitted light was initially reddish 
violet similar to that of blackberrj r juice. As time proceeded the color changed 
to a deeper red. Dark-field studies indicated a greater spread in particle sizfi 
but a predominance of small particles. It was repeatedly verified that g°^ 
sols can be autoclaved at will. Once dispersed they maintain full stability 
under widely varying conditions of temperature, pH, and salt content. 
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RADIOACTIVE ISOTOPES AND MEASUREMENTS OF RADIOACTIVITY 

The radioactive manganese* contained principally Mn” of half-life 6.5 
days. Small amounts of Jin 54 were present. Since this isotope has a 310-day 
half-life, distribution data could be obtained at copsiderable time after the last 
dose of manganese. The radioactive goldf was the 2.7-day isotope Au 108 . No 
long-lived activity was found after more than ten half-lives of decay. 




FIs. 2. 


Fig. 3. 


F jf- 2- — Disappearance of a therapeutic gold sol from the circulation of a human Datlent. 
. crime is measured from the end of the Injection period.) 

Fig. 3. — Semilogarithmlc plot of the data shown in Fig. 2. 


_ At autopsy fresh tissue samples were taken, weighed, dried overnight at 
105° c. and then dry ashed in a muffle furnace at 600 to 700° centigrade. A 
second ashing was frequently required in order to reduce the level of car- 
bonaceous material to a negligible amount in the sample. In the case of man- 
ganese dioxide the ash was dissolved in HC1, hydrogen peroxide was added to 
rc ^ UCc the manganese, and then each sample was transferred to a small metal 

'The radioactive manganese was furnished by the M.I.T. radioactivity center. 

Oak 'Bdd'el. l5 CllVe Eold was obtaIncd from the Manhattan District. Clinton Laboratories. 


Table VI. Clinical Data, Dosages, and Intervals Between Last Dose and Autopsy 


TIME IN 
DAYS FROM 


ATIENT 

AGE 

SEX 

LAST 
DOSE IN 
MILLI- 
GRAMS 

LAST IN.TF.C 
TION OF 
ISOTOPE TO 
AUTOPSY 

1 CLINICAL 

FEATURES 

i 

41 

F 

0.7* Mn 
0.75 bin 

30 and 50* 

Hodgkin's disease, 
splenomegaly; hepato- 
megaly, poor liver 
function, esophageal 
varices with hemor- 
rhago 

2 

S 

M 

3.0 Mn 

4 

Typical subacute 
lymphogenous leu- 
cemia 

3 

36 

M 

0.5 Mn 

3% 

Hypertension with 
rapidly progressive 
vascular damage; 
renal failure 

4 

82 

M 

0.5 Mn 

iy< 

Arteriosclerosis; 
chronic congestive 
heart failure (colored 
patient) 

5 

54 

M 

0.3 Mn 

30 

Chronic lymphogenous 
leucemia 

6 

67 

M 

0.5 Mn 

3 hr. (in- 
traperi- 
tonoal) 

Carcinoma of the rectnm 

7 

7 

F 

O.G Mn 

20 

Acute leucemia 

8 

13 

M 

1.7 Mn 

20 

Acute leucemia 

9 

10 

F 

3.8 Mn 

1 

Acute leucemia 

10 

45 

M 

0.9 Mn 

20} 

Carcinoma of cccum with 
metnstases to liver 

11 

10 

M 

3.5 Mn 

O 

Acute leucemia 

12 

7 

M 

-t 

13 

Acute leucemia 

13 

45 

M 

-t 

28 

Chronic myelogenous 
leucemia 

14 

57 

M 

1.8 An 

8 

Lymphoblastic lympho- 
sarcoma 

15 

51 

M 

1.5 Au 

12 hr. 

Hodgkin's disease 


AUTOPSY 


Esophageal varices with 
rupture, cirrhosis of 
liver; no Hodgkin’s 
tissue found 


No leucemic infiltration 
found; bone marrow 
aplastic; bronchopneu- 
monia; biliary 
cirrhosis 

Malignant nephro- 
sclerosis 


Cardiac hypertrophy and 
dilatation; pulmonary 
congestion; passive 
congestion of liver and 
spleen with fibrosis 
Chronic lymphogenous 
leuccmia, with exten- 
sive infiltration 
Adenocarcinoma of rec- 
tum; perforation of 
large bowel; purulent 
generalized peritonitis 
Aplastic bone marrow; 
very little evidence of 
leucemia infiltration 
Aplastic bone marrow; 
no evidence of lea- 
cemia infiltration 
Lymphogenous leucemia 
with extensive infill 15 ' 
tion * 

Adenocarcinoma of , 
cecum; carcinomatosis, 
aplastic bone marro ff 
Lymphogenous leucemia 
with minimal infiltra- 
tion ; aplasia of bone 
marrow 

Lymphogenous leacewa 
with extensive mfiltra 
tion 

Leucemia, probably 
myelogenous, mtn ® 
tensive infiltration 
Extensive lympbosar- 
comatous infiltrati > 
primary in rdtropen 
toneal nodes and in- 
volving myocardium 
and abdominal vis 

Granulocytopenia, acute. 

bilateral bronchopnc" 
monia ______ — 


•Two doses of roughly equivalent XT metalI!c manganese. 

tseveral doses of roughly eauivalenr ^ * tlSSUe activl ty at autopsy, 
twenty days. g y equ>v &lent effect on tissue activity at autopsy all greater 

tPatients received both ^ and An-; only Mn» effective at autopsy. 
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RADIOACTIVE ISOTOPES AND MEASUREMENTS OF RADIOACTIVITY 

The radioactive manganese* contained principally Mn E2 of half-life 6.5 
days. Small amounts of bin 54 were present. Since tins isotope has a 310-day 
half-life, distribution data could he obtained at considerable time after the last 
dose of manganese. The radioactive goldf was the 2.7-day isotope Au 198 . No 
long-lived activity was found after more than ten half-lives of decay. 



At autopsy fresh tissue samples were taken, weighed, dried overnight at 
105° C. and then dry ashed in a muffle furnace at 600 to 700° centigrade. A 
second ashing was frequently required in order to reduce the level of car- 
bonaceous material to a negligible amount in the sample. In the case of man- 
ganese dioxide the ash was dissolved in HC1, hydrogen peroxide was added to 
rc ^ uco the manganese, and then each sample was transferred to a small metal 

•The radioactive manganese vras furnished by the M.I.T. radioactivity center. 

Oak JUdge I ?«i 0act,Ve ' <Tas obtalne<J from the Manhattan District, Clinton Laboratories, 
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ointment tin* and dried. In some eases carrier manganese was added; how- 
ever, no significant difference was found between samples in which this ad- 
dition was made and others. In a limited number of cases cheek determinations 
of the gamma ray activity of samples were made before and after transfer from 
the beakers in which the ashing was conducted. Transfer was found to he com- 
plete, and negligible quantities were left behind. In the case of radioactive 
gold, nonradioactive gold chloride was added to the samples as a carrier in all 
eases. After ashing, the gold was taken into solution, by adding a few drops 
of aqua regia. Excess acid was removed by healing before transfer was made 
to the cups. In the studies of disappearance of radioactivity from the circula- 
tion. the blood samples were dr ied directly in the cups and counted. 



Pig. 4. fig. 5. 

Fig. 4. — Disappearance of a large particle gold sol from the circulation of a dog. <’ rime 
Is measured from the end of the injection period.) 

Fig. 5. — Semllogarithinic plot of the data shown In Fig. 4 . 

> Radioactivity measurements were made with the usual thin mica window 
bell-type Geiger-Muller counter. In the majority of cases the counting tube 
was connected to a counting-rate meter of the M.I.T. type. In other instances 
a scaling circuit was employed. Radioactivity was calculated in arbitral.' 

■ counts per minute per gram of fresh tissue. By determining the activities of 
tissues at considerable time after autopsy, manganese could be traced in P a ‘ 
tients who received both elements, since the short-lived gold had then decayed 
to a negligible level, leaving only the 310-day isotope of manganese 
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Table VII. Animal Weights, Duration or Life, and Type of Sol Given 


DOG 

WEIGHT 

(KILOGRAMS) 

duration of 

LIFE AFTER 
INJECTION 

TYPE OF SOL GIVEN 

i 

8.6 

30 min. 

Large particle gold sol 

2 

11.0 

30 min. 

Small particle gold sol 

3 

8.0 (Est.) 

24 hr. 

Large particle gold sol 

4 

8.0 

24 hr. 

Small particle gold sol 

5 

8.0 

24 hr. 

Manganese dioxide sol 

6 

9.0 

24 hr. 

Manganese dioxide sol 

7 

8.4 

48 hr. 

Crystalloidal MnCl, solution 


DISCUSSION 

Drinker and Shaw 5 injected finely divided manganese dioxide intra- 
venously into eats. Their dispersions were prepared by centrifugation and 
were probably not of uniform particle size. The particles were less than lp 
in size and were thus small enough to traverse the capillary circulation. The 
sols were stabilized by adding gum acacia. The disappearance of particles 
from the circulation was rapid, and in the majority of cases manganese was not 
found in the blood eighteen minutes after injection. At autopsy 47 per cent 
of the injected manganese was found in the lung. The content of the liver 
was 38.3 per cent, of the spleen 4.3 per cent, and of all other organs 10 per cent. 
Histologic studies indicated that the particles were located within or upon 
the lining of the capillary endothelium, suggesting that they were not strained 
out by the capillary bed of the lung by simple filtration. In a separate study 
Dund, Shaw, and Drinker® showed that the cat was unique in this behavior 
and that rabbits, dogs, guinea pigs, rats, chickens, and turtles concentrated 
the material predominantly in the liver alone. The content of the spleen was 
always of the order of 1 or 2 per cent of the initial dose. No separate investiga- 
tion of the pancreas was conducted. 

Since these results suggest that species differences can oeeur, one could 
not predict human distribution results with any confidence using our different 
type of sol prior to the present investigation. The data in Table I are obtained 
only from single samples of the organs. Only pathologic eases have been studied 
and absolute percentages of the initial injected dose of manganese in each organ 
have not been obtained for obvious technical reasons. Nevertheless, the results 
are similar to those of the previous investigators who use laboratory animals. ' 
Thus, we can state with some confidence that the distribution of colloidal man- 
ganese in human beings is essentially the same, even when smaller particles are 
used or smaller amounts of manganese. We hesitate to attach any significance 
to the lower percentage found in the livers of the two dogs compared to those 
of the earlier workers, since in our method of preparation an appreciable non- 
mspersed crystalloidal fraction may have been present. Previous experiments 
>ave indicated that this is rapidly excreted. 3 The relative amounts are in good 
agreement with the earlier work. 

The high concentration of radioactivity in the pancreas is of <rreat interest. 
Aammation o£ the data presented by Reiman and Minot 7 shows that the normal 
mman pancreas contains a relatively high concentration of manganese bein^ 




284 SHEPPARD, WELLS, HAHN, AND GOODELL 

Table VIII. Distribution of Crvstalloidai. Manganese in One Animal (Dog 7) 


ORGAN 

COUNTS PER 
MINUTE PER 
GRAM 

„ RATIO OF 

CONCENTRATION 

TO HEART 

PER CENT 
POSE 

Pancreas 

120 

7.5 

0.02 

Liver 

180 

21.0 

1.50 

Spleen. 

19 

1.2 

0.005 

Heart 

10 

1.0 

- 

Gall bladder bile 

270 

17.0 



exceeded only by the liver. Since the pancreas docs not concentrate colloidal 
gold it is suspected that the manganese in the pancreas was derived, at least 
in part, from ionic manganese. In a single exploratory experiment an injection 
of ionic manganous chloride tagged with Mn B< was given to a dog. The dis- 
tribution of tagged manganese in liver (multiple samples), spleen and pancreas 
(entire organs), and heart is shown in Table VIII. The gall bladder contents 
were rich in tagged manganese as might be expected from the known biliary 
excretion of the erystalloidal element. Although this experiment does not prove 
that all of the manganese in the pancreas was derived from ionic manganese, 
the high pancreatic concentration is suggestive. A complete understanding of 
the pancreatic concentration must await experiments with dialyzed colloids 
and further studies of the metabolism of ionic manganese. It is possible that 
manganese may play a more significant role in pancreatic metabolism than pre- 
viously has been realized. 

It was noted in Table I that the patients lived for variable intervals after 
the last dose. This dose in nearly all cases contributed almost entirely to the 
radioactivity at autopsy. There appears to be no really significant change in 
relative concentration of radioactivity as the elapsed time following the last 
injection increases. Nevertheless, the values are subject to rather large varia- 
tions which may obscure small effects. 

The doses which were administered were always small. In the case of gold 
less than 3 mg. were' given to a typical patient. In the case of manganese 
the maximum dose was 3.8 mg. of metallic manganese equivalent (Patient 9)> 
and the majority of doses varied between 0.3 and I milligram. Here again the 
data do not give any picture of variation of distribution with the size of the 
dose. 

It is shown in Pig. 2 that colloidal gold disappears rapidly from the human 
circulation and that under proper conditions the semilogarithmic plot (f 'ig- 
is strictly linear for a considerable period of time. The appreciable time for 
injection (two or three minutes) plus the short interval before the first blood 
sample was obtained (one and one-half minutes) is evidently ample to insure 
circulatory mixing. The exponential decay with a "half-life” of two and one- 
half minutes suggests that the rate of phagocytosis is strictly proportional to the 
concentration of colloidal particles in circulation. The disappearance curve 
for the dog (Pigs. 4 and 5) indicates a correspondingly rapid decline. The 
nonlinearity of the disappearance curve suggests that the dog was not in a 
uniform circulatory state. Since the animal was not trained and struggle 
frequently during the experiment, this was not surprising. 
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The distribution of colloidal gold in different samples of liver and spleen 
in Dog 4 indicates a systematic variation (Table IV). The activity of equivalent 
central samples of each lobe is essentially the same, but a systematic increase in 
concentration is indicated between the peripheral and central portion of the 
right central lobe in which multiple samples were taken. Similarly, there was a 
significant variation in the concentration of gold in the spleen samples. Bear- 
ing this in mind, it is not difficult to understand the definite variations in com- 
parative results in all cases where determinations were made on single samples 
of tissue. In spite of such variations, however, the picture is consistent in that 
liver and spleen are roughly equivalent in concentration of radioactivity and out- 
standingly high compared to all other tissues. This distribution is very similar 
to that found by Jones, ‘Wrobel, and Lyons 8 in a single dog which received an 
intravenous injection of colloidal chromic phosphate containing particles 1 [i or 
less in size. 

The different splenic concentrations for gold and manganese is noteworthy 
indeed. If we are concerned with true phagocytosis, there must be a charac- 
teristic difference between the phagocytic action of the spleen for different 
chemical substances, such that the affinity of the spleen for manganese dioxide 
is relatively less than for gold. It is of interest that Voigt 9 observed a relatively 
lower concentration of colloidal silver in the spleen of the rabbit. 

Although only one intraperitoneal injection was given, it is of considerable 
interest that the distribution is roughly similar to that obtained by intravenous 
injection. Additional research is required before definite conclusions can be 
established in this matter. 


SUMMARY 

A study of the relative distribution of colloidal particles of manganese 
dioxide containing radioactive Sin 52 has shown that in the human being liver 
concentration is high. The concentration of the pancreas and kidney is inter- 
mediate and that of the spleen and other organs is low. Two dogs showed a 
similar picture for liver, pancreas, spleen, and heart, which were the only 
organs studied. Studies in human subjects and dogs of the distribution of 
colloidal gold containing radioactive Au 198 showed a high concentration in 
liver and spleen, intermediate to low in the kidney, and a low concentration in 
other organs. The difference in the splenic concentration of gold and man- 
ganese is striking and suggests a fundamental difference of phagocytic activity 
for the two substances. The high pancreatic concentration of manganese is of 
especial significance. 

Vo wish to thank the various members of the Department of Pathology at Vanderbilt 
University School of Medicine who helped in obtaining autopsy specimens. The assistance of 
many other staff members also is gratefully acknowledged. 
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EFFECT OF PREGNANCY ON THE COMPLEMENT OF 

GUINEA PIGS 

E. -E. Ecker, C. W. Hiatt, and L. M. Barr 
Cleveland, Ohio 

A LTHOUGH it is generally known among serologists that the serum of a 
pregnant guinea pig is likely to be unsatisfactory for use in complement 
fixation, no study of the exact relationship between pregnancy and complement 
in this animal has been found in the literature. The question is of importance 
as a preliminary step in the study of complement, variations in disease, since 
some knowledge of the possible variations of complement in different physiologic, 
states is necessary for the proper interpretation of data obtained from a group 
of experimental animals. The present study was undertaken in an attempt 
to delineate the range of variation of complement in pregnant guinea pigs. 

METHODS 

Selection and Care of the Animals . — A group of nine healthy adult guinea 
pigs, known to be nonpregnant, was selected as a control in the experiment. 
Members of the group ranged in age from 10 to 14 months and in weight from 
450 to 700 grams. 

The group of pregnant guinea pigs was composed of females recently bred 
or known to be pregnant. The group was screened to exclude any animals that 
did not correspond approximately to the control group in respect to age, size, 
and general health. Various stages of pregnancy were represented in the group, 
particularly the later stages. A total of fourteen animals was observed both 
during and after parturition. Two additional animals were acquired after they 
bad given birth and were observed only during the postparturition period. 

All animals were maintained separately in clean, dry cages. They were 
fed a controlled diet of oats, Rockland guinea pig Pellets, dried alfalfa, and 
fresh cabbage. No water was offered to the animals at any time. 

The time of parturition of each pregnant guinea pig was recorded from 
actual observation or from an estimate based on the appearance of the litter 
after birth had occurred. 

Method of Obtaining Blood Samples . — A blood sample of 0.4 to 0.6 c.c. 
was withdrawn twice weekly from each guinea pig by bleeding from a small 
incision in the marginal vein of the ear. This method appears to have no un- 
desirable effects upon the animal and, for that reason, is to be preferred to the 
more common method of cardiac puncture, particularly in a study of this type. 

The blood sample was collected in a clean 3 c.c. serologic test tube, covered 
Wlt h a small piece of parafilm to protect the sample and retard evaporation, 

liHnlr From tho Institute of Pathology. Western Reserve University, and the University Hos- 
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allowed to clot for twenty minutes at 2 to 4° C., and then centrifuged at 1,600 
r.p.m. for fifteen minutes. The supernatant serum was decanted carefufi}' into 
another clean 3 e.e. test tube and stored at 2 to 4° C. until used. In all eases 
the serum was titrated within two hours after collection of the sample. 


Method of Titration . — The assay of complement was performed by a method 
independently devised in this laboratory. Similar methods have been used by 
Mayer, Eaton, and Heidelberger 1 and by Kent, Bukantz, and Rein. 2 

The serum to be tested was diluted 1 :100 in 0.9 per cent saline solution. Im- 
mediately after dilution, portions of the diluted serum were pipetted into each 
of three clear glass test tubes (of the type designed for use in the Hett-Sum- 
merson photoelectric colorimeter) . For sera of a high titer, the portions used 
were 1.00, 1.50, and 2.00 c.c., respectively. For sera of low titer, portions of 
1.50, 2.00, and 2.50 c.c. were used. Varying the quantities in this fashion pro- 
vided an optimal amount of serum in at least two of the three tubes. The volume 
in each tube was adjusted to 2.50 c.e. by the addition of saline solution. 


To each tube 2.50 c.c. of a suspension of sensitized sheep red cells (prepared 
as herein described) were then added. The tubes were shaken thoroughly and 
incubated for thirty minutes at 37° Centigrade. After the incubation period, 
the tubes were centrifuged at 1,600 r.p.m. for five minutes. 

The color of the supernatant fluid in each tube was measured with a Hett- 
Summerson photoelectric colorimeter equipped with a standard green filter 
over the light source. The scale of the instrument is calibrated in units 'which 
are proportional to the concentration of dissolved hemoglobin in the super- 
natant layer. Thus, the per cent hemolysis occurring in a given tube may he 
computed as the ratio of the color reading to that of the supernatant layer m 
a completely hemolyzed sample. The latter value was determined for each set 
of titrations by taking the color reading of 2.50 c.c. of the sensitized cell sus- 
pension laked in 2.50 c.c. of distilled water. 

Preparation of the Standard Sheep Cell Suspension . — One volume of 
freshly .drawn packed sheep erythrocytes was washed four times in 10 volumes 
of saline solution. The washed, packed cells were suspended in saline solution 
in sufficient amount so that a sample of this suspension (diluted 1:20 in saline 
solution) gave a color reading of 2S0 on the colorimeter. When thus adjusted 
in concentration, the cell suspension was then diluted with an equal volume of 
saline solution containing 5 units of rabbit antisheep hemolysin of a titer of at 
least 1 :4,000. After mixture of the cells and hemolysin, the suspension was 
allowed to stand for thirty minutes at 2 to 4° C. before use. The final suspen- 
sion contained about 2 per cent (by volume) of packed cells and approximately 
2.5 x 10 s erythrocytes per cubic centimeter. 


Calculation of Results . — The amount of 1 :100 serum required to effect 
50 per cent hemolysis was obtained from a form of the von Krogh equation (3) : 
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WheTe x equals amount of hemolytic serum, y equals fraction of total cells 
hemolyzed, and k and 1/n are constants for a given set of experimental con- 
ditions. When expressed in the logarithmic form and adapted to the case of 
50 per cent hemolysis, the equation may be written as : 

x- = antilog ^ log Xi - | log “Jqo^T') 

Where x, equals cubic centimeters of 1:100 serum required for 50 per cent 
hemolysis, x x equals cubic centimeters of 1:100 serum actually used, and Y 
equals per cent hemolysis actually obtained. For the titration used, the value 

T 

of the constant 1/n was found to be 0.22 ± .02. Curves of x 2 versus — q ZTy 


t were plotted on log-log graph paper for the various discrete values of x x . From 
the resulting straight-line nomograph, the value of x, for any values of x x and - 
Y could he determined by interpolation. 

y The von Krogh equation is a satisfactory empirical statement of the rela- 

< tionship only when the hemolysis is between 10 and 90 per cent. The serum 

portions (x x ) have been chosen so that the resulting hemolysis will ordinarily 
be within this range. In this experiment the value of x 2 was taken as the aver- 
age found in the tubes (usually all three) in which more than 10 but less than 
:r 90 per cent hemolysis occurred. 

The complement activity was defined arbitrarily as the number of 50 per 

y, cent hemolytic units per cubic centimeter of serum. In terms of x 2 this is ex- 

pressed as: 

p Complement activity — 

o--' Complement activity bears a direct relationship to the concentration of comple- 
ment in the serum and provides a convenient figure for graphing and tabulation. 

ry 

j.r RESULTS AND DISCUSSION 


p The results of 262 separate complement titrations are shown as a “scatter 

i/ : diagram” in Fig. 1. Complement activity is depicted as a function of time in 

days relative to the date of parturition. For the nonpregnant guinea pigs, the 
distribution of points along the time axis was in terms of the number of days 
j;T before or after the middle of the observation period. 

c rt ; Inspection of the graph apparently discloses that (1) the pregnant guinea 

P'Bs had substantially lower complement activities than the nonpregnant ones 
and (2) the postparturition period in the group of pregnant guinea pigs was 
marked by a gradual increase in complement activity, 
p’. These observations may be further substantiated by statistical analysis.* 

The av erage complement activity for each nonpregnant guinea pig is shown 


are Indebted to Dr. Huldah Bancroft. Department of Preventive Medicine 
.'cdlcai School. Western Reserve University, for assistance in the statistical evaluation. 
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KCKER, HIAl’T, AND BAKU 

Table I. Complement Activity in Nonpkeonant Guinea Pigs 


! 



, 

guinea no 




croup 

1 Aim 

1 

! 0 

1 10 1 

! 24 | 

35 

1 36 | 

44 | 

45 | 

4fi 

Days in observation period 

37 

37 

45 

42 

37 

37 

10 

10 

10 


Number of separate titrations 

11 

11 

14 

13 

10 

- 11 

5 

5 

5 


Average C' activity 

80 

84 

92 

07 

59 

84 

74 

02 

08 

74 

Highest C' activity 

100 

122 

120 

80 

80 

110 

84 

82 

87 

— 

Lowest C' activity 

52 

55 

07 

55 

44 

01 

• 59 

47 

49 

- 


in Table I ; the average complement activities for the pregnant animals, both be- 
fore and after parturition, are shown in Table II. The animals were divided into 
three groups: nonpregnant, ante partum, and post partum. The statistical sig- 
nificance of the differences among the means of complement activity in the three 
groups was determined by the method devised by Fisher 4 for groups small in 
number. 

The results of the statistical analysis are shown in Table III. The value of 
“t” in the tests of significance are well above the minimum values required 
to demonstrate significant differences among the three groups. 
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day orfhlobsenluon p a eHod? ated aTCOrdlns t0 the number ot days before, or after the x’l'Id 


It should be pointed out that, although a significant difference in cowpk 
ment activity between the nonpregnant and post-partum gi’oups exists, the grad 
ual upward trend in the post-partum group predicts that most of these animal 
would have returned to normal within five weeks after parturition. This pro 
diction is confirmed by the frequent observation of the authors that the serun 
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EFFECT OF PREGNANCY ON COMPLEMENT OF GUINEA PIGS 


Table II. Complement Activity in Pregnant Guinea Pigs Before and After 

Parturition 


'ays in observation 
period 

lumber of separate 
titrations 

Yerage C' activity 
Ugliest C' activity 
/west C' activity 

)ays in observation 
period 

dumber of separate 
titrations 

Average C' activity 
lighest C' activity 
lowest C' activity 


GUINEA PIG GROUP 

' 21 1 25 I 26 1 27 I 28 I 29 I 30 | 31 | 32 ( 33 | 31 | 37 j 38 | 41 | 42 | 43 MEAN 
Before Parturition 

21 19 7 22 3 31 35 25 19 25 13 20 27 0 0 12 

76272 10 11 7674 11 8003 

43 34 30 31 21 32 47 43 27 36 31 45 49 - - 33 36 

53 51 33 38 22 42 69 64 34 44 47 57 68 - - 35 

37 22 27 25 20 20 32 30 21 22 24 35 28 - - 29 __ 

After Parturition 

19 16 26 18 30 15 11 12 13 12 24 17 10 25 25 3 __ 

6586854454753772 __ 

62 44 67 44 48 54 57 58 57 51 49 57 79 55 40 42 54 

76 50 107 61 74 67 67 81 92 66 73 76108 68 48 42 __ 

44 34 37 23 26 47 51 35 28 28 35 40 60 40 27 42 __ 


Table HI. Statistical Evaluation of Differences Among Nonpp.egnant, Ante-partum, 

AND POST-PARTUM GROUPS OF GUINEA PlGS 


GROUPS COMPARED 

FIRST 

MEAN 

(Xl) 

NO. 

(n.) 

SECOND | 
MEAN 

(Xj) 

NO. 

! (n,) 

SJ). OF 

DIFFER- 

ENCE 

(s'-)* 

DEGREES 

OF 

FREEDOM 

1 tt ^ 

MlNIMtJH 
VALUE OF t 
| FOR 

1 p = 0.01 

Nonpregnant group 1 

| 




90.2 




and 

Ante-partum group J 
Ante-partum group 1 

\ 74 
» 

9 

36 

14 

21 

9.4 

2.831 

and 

Post-partum group . 
Nonpregnant group ' 

36 

1 

14 

54 

16 

82.0 

28 

6.2 

2.763 

and 

Post-partum group . 

t 74 

9 

54 

16 

106 

23 

4.7 

2.797 


•Standard deviation of difference = s 5 = S (xi - xi) 1 ■+ E (x; - x;) 1 

_ _ m + ns-2 

tt = I ni — x- 1 j mni 
s v m + n; 

of a female guinea pig four to sis weeks after parturition is fully as active in 
fixation and hemolysis as the sera of adult virgin female guinea pigs kept under 
the same dietary conditions. 


CONCLUSIONS 

1. Pregnancy in the guinea pig is accompanied by a substantial decrease 
in complement activity of the serum. 

2. After parturition complement activity gradually increases toward the 
level normal for nonpregnant female guinea pigs. 
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TOXICITY STUDIES OP « (4-HYDROXY-3,5-DIIODO-BENZYL-N- 
BUTYRIC ACID) AND « (4-HYDROXY-3,5-DIIODO-BENZYL-N- 
CAPROIC ACID) : COMPOUNDS PROPOSED AS GALL 
BLADDER CONTRAST AGENTS 

David M. Grayzel and Samuel Natelson 
Brooklyn, N. Y. 

V ISUALIZATION of the gall bladder through the use of a new series of 
compounds has been described in a recent report.* Of these a (4-hydroxy- 
3,5-diiodo-benzyl-n-butyric acid) and a (4-hydroxy-3,5-diiodo-benzyl-n-caproic 
acid) were selected as having superior properties from the point of view of con- 
centration in the gall bladder with a minimum of reaction of the patient. Since 
these compounds may be used extensively in clinical ■work it was deemed ad- 
visable to undertake a study of their toxicity. 

Both substances appear as fine, white crystalline powders. They are in- 
soluble in water but soluble as the sodium salts. Through the use of sodium 
hydroxide a (4-hydroxy-3,5-diiodo-benzyl-n-butyric acid) forms a solution with 
a pH of 7.5, while under similar conditions a ( 4 -hydroxy- 3 , 5 -diiodo-benzyl-n- 
caproie acid) forms a solution of pH 8.5. The compounds were purified before 
use by dissolving them in 5 per cent NaHCO s solution (1 Gm. to 100 c.c. of 
bicarbonate solution). Charcoal w r as added and the solution filtered. The 
acids, precipitated by the addition of concentrated hydrochloric acid, were 
filtered and, after drying, recrystallized from carbon tetrachloride. 

experimental procedure 

Tor intravenous administration a 25 per cent solution of each compound was used. l' or 
, ora l use the powder was intimately mixed with small amounts of ground red meat or fish. In 
all experiments cats of 2.5 to 4 kilograms of body weight were used. These cats were observed 
for a period of one week before starting the experiments. 

During the experiment the weights of each animal were recorded frequently and their 
general behavior and reaction to tho drugs were observed. The cats were then sacrificed at 
the termination of the period of observation, which varied from two to six weeks. Necropsy 
studies then were made. 


DISCUSSION OP RESULTS 

Administration, of these drugs to eats by the oral route causes much less 
' cy idence of toxic effects than is the ease with intravenous administration. .With 
the exception of an impaired appetite for a period of forty-eight hours, the cats 
showed no untoward reaction to the oral administration of the drugs. Voinib D o 
was not observed at any time and all the animals gained weight. During the 
pcr ’ 0( ^ observation 'two of the cats delivered normal litters of kittens. At 


JewIshH™pitS 5 e Br?okfyn. ° f Labora torles an d the Pediatric Research Laboratory of The 
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COMPOUNDS PROPOSED AS GAUL BLADDER CONTRAST AGENTS 


Table L Effect of Oral Administration of Single Dose of a (4-HtdroxY'3,5-DiiodO' 

Benzyl-N-Butykic Acid) 


CAT 

DOSE/EG. 

(MG.) 

TOTAL DOSE 
(GM.) 

PERIOD OF 
OBSERVATION 
(WEEKS) 

REMAP.ES 

22 

750 

1.60 

4 

No vomiting; appetite impaired 
for 4S hours 

1 

910 

3.19 

6 

No vomiting; appetite impaired 
for 48 hours 

6 

940 

3.20 

6 

No vomiting; appetite impaired 
for 48 hours 

2 

950 

4.09 

6 

No vomiting; appetite impaired 
for 48 hours 

25 

1,000 

3.20 

4 

No vomiting; appetite impaired 
for 48 hours 

IS 

1,000 

2.60 

3 

No vomiting; appetite impaired 
for 48 hours 

19 

1,000 

3.10 

3 

No vomiting; appetite impaired 
for 4S hours 

27 

1,000 

1.90 

3 

No vomiting; appetite impaired 
for 48 hours 

26 

1,000 

1.40 

3 

No vomiting; appetite impaired 
for 48 hours 

21 

1,000 

3.50 

3 

No vomiting; appetite impaired 
for 48 hours 

31 

1,000 

3.70 

3 

No vomiting; appetite impaired 
for 48 hours 


Table II. Effect of Oral Administration of Single Dose of a (4-Hydroxy-3,5-DiiodO' 

Benzyl-N-Caproic Acid) 


CAT 

DOSE/KG. 

(MG.) 

TOTAL DOSE 
(GM.) 

PERIOD of 
OBSERVATION 
(WEEKS) 

REMARKS 

20 

830 

3.07 

4 

No vomiting; appetite impaired 
for 48 hours * 

7 

835 

3.09 

6 

No vomiting; appetite impaired 
for 48 hours 

30 

840 

3.02 

4 

No vomiting; appetite impaired 
for 48 hours 

3 

845 

2.45 

6 

No vomiting; appetite impaired 
for 4S hours 

21 

885 

3.01 

4 

No vomiting; appetite impaired 
for 48 hours 

5 

890 

3.20 

6 

No vomiting; appetite impaired 
for 48 hours 

4 

910 

3.19 

6 

No vomiting; appetite impaired 
for 48 hours 

23 

1,000 

2.50 

4 

No vomiting; appetite impaired 
for 48 hours 

29 

1,000 

3.10 

3 

No vomiting; appetite impaired 
for 48 hours 

28 

1,000 

2.70 

3 

No vomiting; appetite impaired 
for 48 hours 


necropsy there were no abnonnal findings either in the gross or in histologic 
sections, except that a minimal degree of cloudy swelling was noted in the liver 
and kidneys of two cats. 

No estimation was made of the lethal dose orally, because all animals sur- 
vived doses of 1,000 mg. per kilogram of body weight. Higher doses were not 
studied, for the total dose administered to human beings orally does not exceed 
100 mg. per kilogram of body weight. 
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Table IIL Effect of Intravenous Administration of Sinole Dose of a (4-Hydro.xt-3,5- 
Diiodo-Benzyl-N-Butyrio Acid), to Unanestiietized Cats 


OAT 

dose/ko, 

(MO.) 

total dose 
(MO.) 

PERIOD OF 
OBSERVATION 
(WEEKS) 

REMARKS 

2a 

175 

810 

0 

No untoward reaction 

27a 

175 

330 

0 

No untoward reaction 

3a 

180 

540 

0 

Salivated; slight ataxia com- 





pletely recovered in 30 minutes 

4a 

200 

1,090 

0 

No untoward reaction 

28a 

300 

810 

c 

No untoward renction 

5a 

310 

1,080 

e 

Drowsy; occasional jerky more- 





ments; deep respirations 

la 

350 

1,240 

0 

Salivated; no other reaction 

19a 

350 

1,085 

G 

Rapid respirations; recovered in 





1 hour 

7a 

380 

1,350 

0 

Salivated ; occasional jerky move- 





ments; recovered in 45 min- 

1 




utes 

18a 

400 

1,040 

0 

Rapid respirations; coma; recov- 





ered after several hours 

30a 

500 

1,850 

- 

Rapid breathing; coma; death 





after 45 minutes 

Table IV. 

Effect of Intravenous Administration of 

Single Dose of « (4-Hvdkoxv-3,5- 


Diiodo-Benzyl-N-Caproic Acid) to Unanestiietized cats 



r 

PERIOD OF 



dose/ko. 

TOTAL dose 

OBSERVATION 


CAT 

(mg.) 

(MG.) 

(WEEKS) 

REMARKS 


14a 

227 

750 

0 

13a 

240 

750 

6 

9a 

275 

1,275 

G 

16a 

275 

625 

4 

12a 

290 

875 

4 

8a 

305 

1,325 

C 

10a 

315 

1,025 

4 

11a 

335 

1,250 

0 

15a 

375 

750 

_ 


JLVU^lU v- v. m j 

ings; fully recovered in 24 hours 
Rapid respirations; coma; twitch- 
jngs; fully recovered in 24 hours 
No reaction; took feeding 1 hour 
later . 

Rapid breathing; twitchings during 
30 minutes . . 

Mild convulsions; rapid breathing) 
recovered in 1 hour , 

Convulsions; rapid breathing, 
coma; recovered in 24 hours 
Convulsions lasting for about i 
hour; coma; recovered after -■> 
hours . . 

Rapid respirations; coma; twitch' 
ings; fully recovered in 24 hours 
Violont convulsions; coma; died 
after 15 minutes 


Study of a (4-hydroxy-3,5-diiodo-benzyl-n-butyric acid), in intravenous 
doses below 200 mg. per kilogram, failed to demonstrate any abnormal reactions. 
Above this level the administration of the drug caused convulsions, rapid respira- 
tion, and varying degrees of drowsiness ; such reactions were more marked above 
300 mg. per kilogram. When 400 mg. per kilogram were administered intra- 
venously the cats became comatose, and at 500 mg. per kilogram death followed 
after a coma of forty-five minutes’ duration. The lethal intravenous dose of this 
drug is of the order of 400 to 500 mg. per kilogram. 

Following the intravenous studies of a (4-hydroxy-3,5-diiodo-benzyl-n-buty- 
ric acid) , the intravenous studies of a (hydroxy-3, 5-diiodo-benzyl-n-caproie acid) 
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were started at a level exceeding 200 mg. per kilogram of body weight. At 
levels of 200 to 275 mg. per kilogram rapid respiration was noted, together with 
some ataxia and twitchings of the extremities. At 300 mg. per kilogram con- 
vulsions were observed, and at 315 mg. per kilogram the convulsions were 
marked, with rapid breathing. This rapid breathing persisted for several hours. 
When the dose was raised to 375 mg. per kilogram death of the injected animal 
occurred after fifteen minutes. 

The animals that survived the intravenous administration of the drugs re- 
covered completely after twenty-four to forty-eight hours. They took their 
feeding well thereafter and gained weight. "When the animals were sacrificed 
at the end of two to four weeks no abnormal "findings were observed on gross 
examination of the liver and kidneys. 

In the two animals that died following the administration of the lethal doses, 
petechial hemorrhages were noted in the lungs. The livers and kidneys showed 
moderate degrees of cloudy swelling. 

SUMMARY 

1. The toxic effects of a (4-hydroxy-3,5-diiodo-benzyl-n-butyric acid) and 
a (4-hydroxy-3,5-diiodo-benzyl-n-caproic acid) were studied, both by oral and by 
intravenous administration, in a total of forty-two cats. 

2. Oral administrations of the drug were tolerated in doses up to 1,000 mg. 
per kilogram, without vomiting. Appetite was impaired for forty-eight hours. 

3. The intravenous administration of a (4-hydroxy-3,5-diiodo-benzyl-n-bu- 
tyric acid) caused convulsions in doses higher than 200 mg. per kilogram and 
death at 500 mg. per kilogram. Intravenous administration of « (4-hydroxy- 
3,5-diiodo-benzyl-n-caproic acid) caused convulsions at 200 mg. per kilogram and 
death at 375 mg. per kilogram. 

4. All the animals given sublethal doses of the drugs recovered completely 
and gained weight at the end of two to four weeks. 

5. Necropsy studies revealed no abnormal findings, except in cats which 
were given lethal doses of the drugs. In these cats peteehiae in the lungs and 
cloudy swelling in the liver and kidneys were found. 


LABORATORY METHODS 


THE MICRO COLORIMETRIC ESTIMATION OP PLASMA PROTEINS 

Anthony A. Albanese, Barbara Saur, and Virginia Irby 
New York, N. Y. 

I N A recent publication 1 we described a colorimetric method utilizing the 
Sakaguclii reaction for the estimation of total proteins and protein fractions 
in human plasma, nephrotic urine, and abdominal fluid in terms of arginine 
which was shown to have an accuracy comparable to the micro-Kjeldahl method. 
Subsequent experiments have shown that because of the relatively negligible 
nonprotein arginine content of the blood greater economy of time and blood 
sample without appreciable loss of accuracy can be achieved by: (1) determina- 
tion of total plasma proteins on a 1 c.c. aliquot of a sample prepared by diluting 
0.1 c.c. of plasma to 2 c.c. volume with 10 per cent NaOH instead of an alkaline 
solution of the trichloroacetic acid precipitated proteins, (2) estimation of 
albumin and globulin by direct measurement of both proteins as arginine in frac- 
tion derived from the same 0.2 c.c. sample of plasma rather than by difference 
of total protein and globulin, and (3) elimination of the three-hour incubation 
period usually employed in the separation of albumin and globulin fractions of 
the plasma. The rapidity and ease of operation which has been gained by 
these modifications would seem to recommend the method for routine clinical 
work. 

EXPERIMENTAL 

Heagents . — 

Sodium Hypochlorite: A O.OG N solution was prepared as needed from the com- 
mercially available Clorox. The necessary dilution of the stock product was ascertained 
iodometrically as follows: To 1 c.c. of Clorox in a 125 c.c. Erlenmeyer flask are added 25 c.c. 
of chlorine-free water in which has been dissolved 1 Gm. of potassium iodide. Tko mista re 
was then titrated with 0.1 N sodium thiosulfate, 1 c.c. of starcli indicator being used. The 
stock product has been found to be fairly stable for three to four months if kept in the 
lefrigerator in a brown bottle. 

Sodium Hydroxide : A 10 per cent solution. 

Urea: A 20 per cent solution. 

a-Naphthol: One hundred milligrams of the resublimed product aro dissolved in 105 
c.c. of 95 per cent ethanol. The solution is kept in a brown bottle and stored in the 
refrigerator. 

Arginine Standard: One (plus) arginine hydrochloride* (26.6 per cent N found), 12.0 5 
mg., is weighed accurately and dissolved in 100 c.c. of a saturated aqueous solution of benzoic 
acid. One cubic centimeter of this solution is equivalent to 100 y of the free base. This 
solution is stored in the refrigerator. 

Ether: Reagent grade can be used as obtained. • 

Sodium Sulfate, Anhydrous: A 22 per cent solution is employed and is stored in a 
37° C. incubator. 

Tork Universlty Colleee o£ Medicinc ' and the 
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Analytic Procedures . — 

Total Plasma Proteins: One-tenth cubic centimeter of plasma (derived from blood col- 
lected over lithium oxalate) in a graduated 15 c.c. conical centrifuge tube was made to the 
2 c.c. mark with 10 per cent NaOH. A 1 c.c. aliquot of the thoroughly mixed sample was 
transferred to a graduated colorimeter tube, and 5 c.c. of water and 1 c.c. of alcoholic naphthol 
were added in rapid succession. After standing for five minutes, 1 c.c. of sodium hypochlorite 
is added, followed exactly one minute later by the addition of 2 c.c. of 20 per cent urea solu- 
tion. The resulting solutions are mixed by inverting the tubes and read in the Klett-Summer- 
son colorimeter with Filter S-54 after a lapse of five minutes. The color intensity of the 
test mixture has been found to remain constant for an hour or more after the initial reaction 
period, so that there is no need to hasten the color measurement. A parallel determination is 
also done on a 1 c.c. aliquot of the standard and a reagent blank. 

Plasma Albumin and Globulin: To 0.2 c.c. of plasma in a 50 c.c. round bottom, small 
neck centrifuge tube (A. H. Thomas No. 3123) was added with mixing 7 c.c. of 22 per cent 
sodium sulfate and then 3 c.c. of ethyl ether. 2 This mixture was shaken vigorously for two 
minutes and then centrifuged at 3,000 r.p.m. for ten minutes. The globulin which collected 
at the ether-water interface was separated from both liquid layers by careful decantation into 
a 25 c.c. graduated cylinder. The volume of the aqueous, albumin-containing fraction was 
adjusted to 10 c.c. by the addition of water, and a 5 c.c. aliquot of this layer is removed by 
pipette to a 10 c.c. graduated colorimeter tube. Subsequent to the addition of 1 c.c. of 10 per 
cent NaOH, the protein content is determined in terms of arginine described as follows. 

The disk of precipitated globulin was dissolved in 2 c.c. of 10 per cent NaOH and then 
2 c.c. of water were added. Gentle heating of the mixture in a hot water bath drives off the 
residual ether and thereby greatly facilitates solution of the protein. A 2 c.c. aliquot of the 
cooled sample was transferred to a colorimeter tube and submitted to the Sakaguchi reaction 
after the addition of 4 c.c. of water. 

The alkaline dilution of the whole or fractionated plasma of specimens containing 
400 mg. per cent of cholesterol or more should be shaken with 5 c.c. of ether prior to 
removal of sample for the arginine determination. 

Attention is called to the fact that in all revisions of sample size which different circum- 
stances may necessitate, it is imperative that the sample be contained in a 6 c.c. volume which 
shall include the equivalent of 1 c.c. of 10 per cent NaOH prior to the addition of the other 
reagents. 

Calculations: After the colorimeter is set to zero for the reagent blank, the arginine 
present in the protein samples is estimated by comparison with the value of the arginine 
standard. The protein equivalent is obtained by multiplying the arginine values by the 
dilution factors and 19.2, a factor derived from the mean arginine content of human plasma 
albumin and globulin. 2 

RESULTS 

The possibility of the present modification of our previously described 
method for the determination of plasma proteins was impressed upon us by the 
finding that protein-free filtrates obtained from 5 c.e. samples of ten different 
human plasma gave negative Sakaguchi tests. This observation indicated that 
failure to separate the proteins from whole plasma would not introduce any 
appreciable errors in the final values. 

Our experiments amply confirmed the observations of Kingsley 2 that when 
ether is employed in conjunction with sodium sulfate no preliminary incubation 
period is required for the separation of globulin and albumin. It has also been 
lound that serum or plasma derived by the use of other oxalates or other anti- 
coagulants can be used with this method. 

The Plasma values obtained by the usual micro-Kjeldahl method and 
hree variants of the arginine method are listed in Table I. It will be noted 
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Table I. v Comparison of Total Plasma Protein Values Obtained by Various Techniques 



MICRO- 

| AROININE METHOD, PROTEIN = ARGININE X 19.2 


KJELDAI1L 

TRICHLORO- 


TOTAL PLASMA 


METHOD, 

ACETIC ACID- 


PROTEIN ss 


PROTEIN = 

PRECIPITATED 

PLASMA 

ALBUMIN + 


N X 6.25 

PROTEIN 

DILUTION 

GLOBULIN 

SPECIMENS 

(OM. %) 

(OM. %) 

(OM. %) 

(OM. %) 


Ka, normal, 2 years 7.65 7.70 7.06 7.73 

Ec, nephrotic, 1.5 years 3.80 3.84 3.80 3.93 

As, nephrotic, 2 years 5.75 5.74 5.78 5.78 

Sa, nephrotic, 3 years 4.48 4.46 4.57 4.58 

that the figures obtained by the two techniques described in the present report, 
dilution of the whole plasma and addition of the individually determined albu- 
min and globulin values, are in good accord with those obtained with the arginine 
method utilizing the trichloroacetic aeid-preeipitnted plasma proteins as well 
as those of the micro-Kjeldahl procedure. 

COMMENT 

The accuracy, speed of operation, and economy of sample achieved by the 
present modification of the arginine method for the detennination of plasma 
proteins would seem to favor its adoption for routine or clinical studies. Al- 
though these procedures are somewhat more involved and time consuming than 
the specific gravitj r methods, 4 the higher degree of accuracy which they afford 
makes the additional effort which they' entail seem worth while. Tin’s is es- 
pecially true of the copper sulfate method which has recently been shown by 
Adams and Ballou 5 to exhibit such poor correlation between the specific gravity 
measurement and protein content as determined by the micro-Kjeldahl procedure 
as to make it valueless as a measure of total serum proteins of the blood. This 
and similar findings reported by Looney 0 and Zozaya, 7 however, have been con- 
tradicted by the observations of Atclilcy and co-workers. 8 The biuret method 
of Kingsley 2 which is also rapid and employs only small amounts of plasma 
proved unsatisfactory in our hands. Our difficulties arose from (1) lack of 
stability of the alkaline copper sulfate reagent, (2) development of uncon- 
trollable turbidity in test samples, especially with specimens from nephrotic pa- 
tients, and (3) lack of consistent correlation of biuret plasma or serum values 
with micro-Kjeldahl figures. 

Attention is called to the fact that in physiologic or pathologic hype'- 
, aminoacedemia, which would naturally tend to increase the amount of free 
circulating arginine, the plasma or serum proteins should be precipitated with 
trichloroacetic acid prior to the application of the Sakaguchi reaction as pre- 
. viously reported, 1 rather than employ the procedure described here. 

SUMMARY 

A rapid mierocolorimetric method for the determination of total plasma 
proteins or plasma albumin and globulin has been described which yields values 
comparable to those obtained by the micro-Kjeldahl pi’ocedure. 










MlCROCOLORIMETRIC ESTIMATION' OF PLASMA PROTEINS 


299 


REFERENCES 

1. Albanese, A. A.. Irby, V., and Saur, B.: The Colorimetric Estimation of Proteins in 

Various Body Fluids, J. Biol. Chem. 166: 231, 1946. 

2. Kingsley, G. R.: The Determination of Scrum Total Protein, Albumin and Globulin 

. by the Biuret Reaction, J. Biol. Chem. 131: 197, 1939. 

Kingsley, G.’ R.: A Rapid Method for the Separation of Serum Albumin and Globulin, 
J. Biol. Chem. 133: 731, 1940. 

Kingsley, G. R.: The Direct Biuret Method for the Determination of Serum Proteins as 
Applied to Photoelectric and Visual Colorimetry, J. Lab. & Clin. Med. 27: 840, 
1942. 

3. Block, R. J., and Bolling, D.: The Amino Acid Composition of Proteins and Poods, 

Springfield, 111., 1945, Charles C Thomas, Publisher, pp. 58-60. 

4. Kagan, B. M.: A Simple Method for the Estimation of Total Protein Content of Plasma 

and Serum. II. The Estimation of Total Protein Content of Human Plasma and 
Serum by the Use of the Falling drop Method, J. Clin. Investigation 17: 373, 1938. 
Phillips, R. A., Van Slyke, D. D., Dale, V. P., Emerson, K., Jr., Hamilton, P. B., and 
Archibald, R. M.: Copper Sulphate Method for Measuring Specific Gravities of 
Whole Blood and Plasma. From the United States Navy Research Unit at the 
Hospital of the Rockefeller Institute for Medical Research. Commanding Officer, 
Commander Thomas M. Rivers. 

5. Adams, M. A., and Ballou, A. N.: A Comparison Between the Values for Plasma or 

Serum Protein as Obtained by the Specific Gravity and the Micro-Kjeldahl Meth- 
ods, J. Lab. & Clin. Med. 31: 507, 1946. 

6. Looney, J. M.: The Relation Between Specific Gravity of Blood Serum and Its Protein 

Concentration, J. Lab. & Clin. Med. 27: 1463, 1942. 

7. Zozaya, J.: A Physicochemical Study of Blood Sera, J. Biol. Chem. 110: 599, 1935. 

8. Atchley, J., Bacon, R., Curran, G., and David, K.: A Clinical Evaluation of the Copper 

Sulfate Method of Measuring Specific Gravities of Whole Blood and Plasma 
J. Lab. & Clin. Med. 30: 830, 1945. 


A PULSATING PERFUSION APPARATUS 


J. A. Long* 
Berkeley, Calif. 


T HIS apparatus, announced in Science, 21 is a considerable improvement over 
the one described in 1939, 1 differing in form and size, embodying some entirely 
new additions, yet retaining the essential features of construction of the older 
apparatus. Its general appearance is shown in Fig. 1, and details of con- 
struction are shown in Figs. 2 to C. It is so planned that it can operate on a 
small quantity of blood and that the organ can be studied under a microscope 
during perfusion. With the apparatus and its specimen chamber shown in 
Fig. 1, the stomach, pancreas, and part of the duodenum of the rat can he 
perfused with whole rat blood. 

In Figs. 2 to 6 only the essentials are shown. The chief portion of the 
apparatus consists of a number of pieces of % inch plate glass, the largest 
(Plates I and II) measuring 4% by 7 inches, held together by twelve bolts and 
milled nuts. The latter are not shown in the drawings given, but in Fig. 5 their 
positions are indicated. Most of the other essential parts are fabricated from 
glass tubing and are attached to the plates by ground taper joints. 

The channels or “vessels” through which the blood or other fluid circulates 
consist of small holes drilled through the plates and half-round grooves cut in 
one plate and covered by another. Most of these grooves are on the under side 
of the second plate (II) from the bottom; some are in other plates as shown in 
the drawings. The arrangement or plan of these channels and their relations to 
the reservoir and pump and other parts are shown in Fig. 5. Some appear in 
section in Fig. 6. 

The essential parts of the pump are two valve chambers, two valves, the 
three rubber tubes and bulbs, connecting channels, and the electromagnet and 
mechanism for compressing the middle tube (No. 2). The valve chambers are 
large holes cut in the middle plate (IV) of the three making up the pump. 
valves are small triangular disks of glass (Figs. 3, 5, 6), one of which rests on 
the openings in the bottom of each chamber. The “cylinder” is tube No. 2, and 
the piston” of the pump is the fluid in tube No. 2, which moves up and down 
as the rubber tube is rhythmically compressed by the magnet and its attached 
meehanism and released to expand by its own elasticity. The connecting chan- 
nels (2 and 3) are between the valve chambers and the “cylinder.” Channel 1 
carries blood to and Channel 4 carries blood away from the chambers. The 
action of the valves and the direction of flow is easily seen, by reference to 
5 and 6, to be that of an ordinary pump with the arrangement such as to propd 
the blood in the direction of the arrows. 

Received for publication, Jan, 21 , 1947. 
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Tubes 1 and 3 are attached by short channels (12 and 13) to the valve 
chambers. All three tubes are furnished with pineheocks. The pinchcock on 
Tube No. 2 is close to the plates by which the tubes are compressed and is kept 
closed during the operation of the pump. The pinchcoeks on Tubes Nos. 1 and 3 
are adjustable as to height. On No. 1 it is kept low except when the tube is 
being compressed as an aid in filling the chamber. Tube No. 3 serves to modify 
the impulse given to the blood. When the pinchcock is low the blood is propelled 
in short violent spurts ; as it is raised higher and higher the rubber tube by its 
cusbiohlike elasticity more and more softens and prolongs the spurts, until a 


continuous pulsating flow may be obtained without reducing the total pressure. 

The intermittent current for energizing the magnet is produced by inter- 
rupting a direct current by means of a mercury switch carried by a pendulum, 
or by any suitable mechanism, so adjusted that the time is equally divided be- 
tween compression and release. 

The reservoir is shaped as shown in order to reduce to a minimum the area 
on. which blood corpuscles might stagnate and also to keep down the volume of 
blood necessary to operate the apparatus. The lower narrow part of the reservoir 
holds about 8 c.c. ; since about 4 c.c. of blood is required to fill the pump chambers 
and all the channels, operation can be carried on with a minimum of about 5 c.c., 
although it is safer to use 8 to 10 cubic centimeters. (A rat donor weighing 500 
grams furnishes sufficient blood for one experiment.) Around the reservoir and 
the return tubes is placed a larger cylinder fitted into a tapered groove for pro- 
tection. It can serve as a reservoir in case larger quantities of fluid are required. 

For oxygenating the blood the upper wide part of the reservoir is employed. 
When a small organ is being perfused it is sufficient to fill this part of the 
reservoir with small glass balls and to allow the returning blood to trickle over 
them, while at the same time oxygen released below rises between the balls to 
come into contact with the blood. However, when a large volume of blood is to 
be oxygenated, as in the perfusion of the stomach, pancreas, and part of the 
duodenum, a more efficient yet simple method had to be devised. This is shown 
in Fig. 1. It consists of a pair of windshieldlike wipers of rubber dam which 
smear over the inner surface of the wide part of the reservoir the returning blood 
which is directed by small pieces of stainless steel against the surface. The 
wipers are attached to a piece of glass tubing through which oxygen is conducted 
and released below the wipers The glass tubing is fitted at its upper end with 
a brass sleeve which turns in a bushing in the glass cover of the outer cylinder. 
The sleeve carries a small gear which meshes with another gear, outside the 
cylinder, attached by a flexible cable to the reduction gear of a small motor. The 
n ipers make about 20 complete rotations per minute and keep the blood spread 
in a thin film in direct contact with oxygen. 

Blood is drawn by the pump from the reservoir through Channel 1 and is 
discharged tlnough Channels 4 to 6 to the arterial spout and canula and thence 
into the artery of the organ. Having circulated through the vessels of the organ, 
it is dischaiged as dark \enous blood through the venous canula to Channels 9 
and 10 and on through the venous return tube to the top of the reservoir where 
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it spills over the glass balls or is spread over the inner surface. This circulation 
is all that would be necessary if the pump could be made to deliver just the 
exact amount at the desired pressure. But since the pump delivers blood in 
excess of the capacity of the organ, the excess must be bypassed, under control, 



through a side channel. This is accomplished by Channel 7 which passes froi 
Channel 5 to open under a valve (Figs. 4 and 6) which is held down by an ac 
justable spring in the pressure control assembly. Blood which passes this valv 
is carried through Channel 8 to the bypass overflow tube also to the top of th 
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reservoir. It is arterial blood and helps greatly to keep the blood in the reservoir 
oxygenated. By means of this control valve pressure in channels between the 
pump and organ can be adjusted to the optimum desired, for the pump is capable 
3 f giving a pressure of over 200 mm. of mercury. The pressure is indicated by a 



Fie. 4. 


mercury manometer on another side channel between Channels 5 and 7. The 
arrangement of the manometer is sufficiently clear in Fig. 6, where it will be seen 
that there is an oil trap between the blood and mercury. It may be added that 
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the flask containing both blood and oil can be rotated in Plate VII, the lower 
portion thus serving as a stopcock when it is desired to isolate the manometer 
from the rest of the apparatus. 

It has been found that in order to have a uniform and perfectly reliable 
action of the pressure control valve it is necessary to place a small disk of rubber 
dam between the valve and valve scat. Similar disks under the valves of the 
pump are advantageous. 

For occasions when it is necessary to reduce the pressure quickly, a slender 
rod is provided attached to the valve, the raising of which at once releases the 
pressure in channels between the pump and specimen organ. By a simple 
mechanism shown in Fig. 1, this release is made automatic when the pressure 
becomes too high. A pair of fine enameled wires is inserted in the upper part 
of the manometer tube, down to the mercury level allowable. The wires are con- 
nected to an electromagnet. When the rising mercury column completes the 
circuit through the wires, the magnet jerks the release rod sufficiently to release 
the pressure. 

For conveniently taking blood samples for analysis from the venous return 
Channel 10, at 14 (Figs. 2 and 5), is a short side channel and tapered orifice for 
a connecting tube or spout. The latter is connected by a short rubber tube to 
a three-way stoekcock (Fig. 1) which, with a syringe arranged for blowing out 
the channels, makes it possible to take samples and to empty all channels from 
the outlet to Channel 10 so that each sample is uncontaminated by a preceding 
one. 

At 15 (Fig. 5) is a channel from an outside tapered orifice, furnished with 
a spout, to an opening in the floor of the reservoir. To the spout a graduated 
cylinder is attached by a rubber tube (at the left in Fig. 1) through which the 
reservoir can be filled, and also emptied, with a measured quantity of blood. 

Of equal importance with the rest of the apparatus are the means of sup- 
porting and attaching the organs to be perfused. This is accomplished by the 
specimen chamber together with Plate X on which it sets and its cover. The 
specimen chamber is made of plaster of Paris soaked in shellac and dried. The 
depressions in it are shaped (as in that for the stomach, duodenum, and pancreas, 
shown in Fig. 1 ) in such fashion as to support the organs in approximately their 
normal topographical positions, with provision to spread part of the pancreas 
over a shelf just under the cover where it can be observed under a microscope 
and to require the minimum amount of fluid to cover them. At appropriate 
locations are spouts for the blood canulae and outlets for the esophagus and 
duodenum. These are of stainless steel and are attached to Plate X. The out- 
lets have connections to the outside so that fluid can be introduced into the 
, stomach and collected from the intestine. The upper ends of' the spouts appear 
at the right in Fig. 1. They are similar to those shown in Figs. 2 to 4 and have 
similar connections with the channels. In the plaster is embedded a coil of 
niclii ome wire for heating, and two holes are provided for a thermometer and a 
.thermostat. The size and form of the chamber and the location of the spouts 
differ with the organ- under investigation. 


V 
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It\ Fig.-l may be seen a rubber and glass connection between the chamber 
and the upper end of the reservoir. This connection serves to return to circula- 
tion blood that accumulates in the chamber from small leaks, for it is practically 
impossible to prevent the escape of blood from minute tears or from seepage. 
The amount of this leakage varies greatly, and in no case is of importance, since 
it does not interfere with the supply of blood to the tissues. 


The whole apparatus rests on a warm plate of approximately the correct 
temperature. The warm plate and the heating element and the thermostat 
in the chamber keep the latter at a very constant degree of heat. 

The plates are sealed together with paraffin introduced when the plates are 
hot, with the result that all the channels, except those in the pump, are lined 
with a film of paraffin which keeps blood from contact with the glass, an item 
of some importance since most of the channels are in ordinary glass. Only cer- 
tain parts are of Pyrex, namely, the pump, Plate IX into which the reservoir is 
set, and all parts made of tubing. In the ordinary course of sealing these Pyrex 
parts would not get the film of paraffin. The spouts and the reservoir are usually 
sealed in place with a mixture of beeswax and rosin. 

The whole apparatus can be completely sterilized by appropriate methods. 
When it is to be thoroughly cleaned it is easily taken apart in hot water, washed 
wth soap, and finally dried from alcohol with chamois skin before being as- 
sembled in a dustproof chamber. For work which does not require aseptic pre- 
cautions it is sufficient to remove only the top plate of the pump (Plate V, Figs. 
3, 4, and 6), manometer and pressure control valve and their plate (YU), the 
reservoir and spouts, and Plate X, along with the specimen chamber, to clean 
them and to rinse out the remaining channels, all of which can be done in a short 
time. These plates when reassembled are sealed with stopcock grease. 

Since the construction of the apparatus (especially the specimen chamber, 
the spouts, and canulae) and the technique of isolating the- organs have been 
developed together, it is appropriate to give a brief outline of the procedure of 
making the preparation. All of the dissecting must be done under a binocular 
microscope arranged to be focused by the feet of the operator. Minute electric 
cauteries, which can be turned on and off and the temperature controlled by the 
action of the right knee, are used almost exclusively for cutting mesenteries, 
'assels, and other tissues. During the isolating of the organs, which requires 
out one and one-fourth hours, it is important that the blood supply to organs, 
,j° r cxam ple the stomach, pancreas, and that part of the doudenum to which 
nre *’j mcrea ^ * s attached, be maintained without interruption. The canulae used 
'(p' S 10lt 1n '^ ! bulbous tips and are attached to short pieces of rubber tubing 
the it " *° ^ "diich can be slipped over the spouts. Before being inserted into 
s , . . d ve ssels the free ends of the rubber connections are closed with minute 
heparT 3 P * Ug5 ’ and t!ie canulae anc * connections are filled with a solution of 
. ^ } ' CSC canu ^ ae are introduced and tied into the portal vein before the 
tilc pancreas and into the aorta just caudad to the left renal 
* • agatures are placed in readiness around the portal vein where it enters 
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three diuretics employed. Ascorbic acid when given prior to the administration 
of merculiydrin or simultaneously' with it increased the average minimal lethal 
dose over 50 per cent. The lethal dose of mercupurin and of salyrgan with 
theophylline was not affected when combined with ascorbic acid. 

Ascorbic acid previously has been noted to increase the diuretic effect of 
mercupurin. A study of ten persons in congestive failure who have received 
merculiydrin with ascorbic acid intravenously has revealed an equal or increased 
diuresis up to 50 per cent. 

These investigations indicate that merculiydrin (2 c.c.) combined with 
ascorbic acid (500 mg.) is the least eardiotoxic and most potent intravenous 
diuretic preparation studied. 


DISCUSSION 

Dn. Edward Massie, St. Louip, Mo. — I would lilco to n?k whether vitamin C may be 
given without danger in the same syringe? 

Dr. John TV. Scott, Lexington, Ky . — I have found clinically' that the action of the 
mercurial diuretics can bo smoothed out by' giving tlio patient ono of the B complex 
lyopliilized preparations dissolved in the mercurial product. This makes a clear solution 
which has been perfectly harmless in the 100 or more instances in which I have used it. 

Dr. Chatman. — The workers in South America have used magnesium sulfate. Yhife 
their report on results so far as percentages arc concerned lias not been given, there was some 
deereaso in toxicity when tlieso products were used in combination. 

Wo have given vitamin C and the mercurial product in the Fame syringe with no ban 
effects. 

Our experience 1ms been the same as Dr. Scott’s in the use of vitamin B complex to- 
gether with tlio mercurial substance; it docs help to smooth the use of tlic mercurial diuretic, 
clinically at least. 

THE SERUM PROTEIN FRACTION RESPONSIBLE FOR THE 
THYMOL TURBIDITY TEST 

Philip C. Cohen, M.D., and Frances Thompson, B.S. (By Invitation), 

Madison, "Wis. 

The thymol turbidity test of Maelagan (1944) lias been shown to be of con- 
siderable diagnostic value in cases of liver disease. Maelagan stated in his 
paper that the test was probably due to an increase in serum gamma globulin- 
Recant and associates (1945), on the other hand, have shown that the test de- 
pended on the presence of a lipid-containing fraction of serum globulins rather 
-than on the gamma globulins. 

A systematic study in this laboratory of the serum protein fraction re- 
sponsible for the thymol turbidity test indicates that a beta globulin is involved. 
A large number of fractions obtained from pooled normal human plasma were 
tested with the thymol reagent. High values were always associated with those 
fractions containing a high percentage of beta-1 globulin. Electrophoretic 
analysis of sera showing high thymol turbidity values invariably showed a high 
beta globulin level, whereas sera having normal beta globulin levels gave normal 
turbidity valu«. After mixing positive sera with thymol reagent and then di- 
alyzing against the thymol reagent, it was possible to centrifuge off the 
precipitate from the supernatant and examine both in the electrophoresis ap- 
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paratus. The ser um after treatment witli thymol reagent, and free of its 
precipitate, differed from the untreated serum chiefly in a decrease of the beta 
rlobulin fraction to a normal level (Table I) . Further, electrophoretic analysis 
)f the precipitate after redissolving showed it to be chiefly a single protein with 
m electrophoretic mobility characteristic of normal beta globulins. 


I ABIE I. EDECTEOPHOBETIO ANALYSIS OF SERUM COMPONENTS BEFORE AND AFTER TREATMENT 

With Thymol Reagent 




PER cent composition 



albumin 

ALPHA-1 ALPHA-2 

BETA 

GAMMA 

Before 

47.7 

4.5 9.1 

19.1 

19.5 

After 

53.3 

5.5 9.1 

13.0 

19.0 


"While the beta globulin fraction of blood is known to be lipid-eontaining, 
the total lipid content of sera did not appear to be related to the thymol turbid- 
ity values. Thus, a serum from a case of lipoid nephrosis with a cholesterol 
content of 1,400 mg. per 100 c.c. showed a negative test. 

In a comparative study of cases of liver disease showing a discrepancy in 
the thymol turbidity and eephalin-cholesterol flocculation tests, the latter was 
invariably positive in cases of high gamma globulin levels and the former in 
cases of high beta globulin levels. In eases where both tests were positive both 
these fractions were elevated above normal levels. In general it was found that 
higher and more consistently positive thymol turbidity values were associated 
with acute inflammatory rather than chronic degenerative hepatic disorders. 

DISCUSSION 

Dr. William S. Hoffman, Chicago, HI. — It would appear from Doctor' Cohen’s data 
that a positive thymol turbidity test reduces the beta globulin concentration of the serum 
to a level below normal. I wonder if this indicates that the positive thymol turbidity test 
is produced by the presence of a substance which, when thymol is added, precipitates the 
normal beta globulin. 


BIOPSY OF LIVER IN PATIENTS "WITH ACTIVE BRUCELLOSIS: 

DESCRIPTION OF HEPATIC LESIONS 

Frederick W. Hoffbauer, M.D., and "Wesley W. Spink, M.D., 
Minneapolis, Minn. 

A review of the literature on the alterations of the tissues in patients with 
•ruccllosis indicates that the changes are widespread involving, particularly, 
tle reticulo-endothelial system. Practically all the reports have been based 
upon an examination of post-mortem material. Only on rare instances have biop- 
mcs of the liver been made in living subjects. The present report is part of a 
* udy on the pathogenesis of brucellosis and represents an endeavor to define the 
incidence and nature of the hepatic lesions in patients with active brucellosis. 
. far ’ onc patient with acute brucellosis and four with the chronic form 

ie disease have been studied. Four of the patients were proved to have 
cellosis by isolation of Brucella abortus from the blood stream. The fifth 
i vi dual had clinical and laboratory findings consistent with chronic brucello- 
• • n onc subject a specimen of liver was obtained by means of peritoneoseopr • 
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in a second individual material was acquired incidental to an abdominal opera- 
tion; and in the three remaining patients biopsies were made by an operative 
procedure under local anesthesia. 

Abnormal histologic findings were apparent in all specimens. The liver of 
each of the five patients showed the presence of granulomatous lesions which have 
been described in brucellosis. The granuloma were usually found in the liver 
cords rather than in the portal spaces. These lesions were composed of epithe- 
lioid cells, lymphocytes, and plasma cells arranged in small round groups. In 
addition, variable increases in portal connective tissue and occasional necrotic 
liver cells were seen. 

In an endeavor to correlate the hepatic injury with liver function, multiple 
liver function tests were carried out which included quantitative serum bilirubin, 
bromsulfthalein excretion, cephalin cholesterol, thymol turbidity, urine uro- 
bilinogen, and urine coproporphyrin. The degree of functional impairment m 
the five eases studied was slight contrasted with the extensive histologic changes. 
These observations indicate that hepatic changes may occur more frequently 
than is generally recognized in patients with active brucellosis. 

STUDIES IN CONVALESCENCE FOLLOWING HERNIORRHAPHY : THE 
EFFECT OF DIET, SUPPLEMENTS, AND AMBULATION ON META- 
BOLIC CHANGES AND ON THE PERFORMANCE OF PATIENTS 
AS MEASURED BY TESTS OF CARDIOVASCULAR 
EFFICIENCY AND MUSCULAR FITNESS 

R. W. Keeton, M.D., W. H. Cole, M.D., N. 0. Calloway, M.D., N. Glickman, 
M.S., H. H. Mitchell, Ph.D., J. Dyniewicz, Ph.C., and 
D. Howes, B.S., Chicago and Urbana, III. 

An attempt was made to determine the extent and duration of convalescence 
from surgical trauma and to find means of shortening it. The progress of con- 
valescence was measured by a study of certain metabolic factors and performance 
tests. 

The liver was the organ primarily affected in ninety-seven healthy men sub- 
mitted to herniorrhaphy. The decrement in liver function, as measured by 
twenty-four hour urobilinogen excretion, bromsulfalein retention, and other 
tests, lasted about five days and returned slowly to normal. The decrement 
was considerably greater in patients who developed complications with infec- 
tions in chest or wound. The decrement could be prevented by high protein 
and high caloric feedings, combined with ambulation, systematic exercises, and 
the administration of certain supplements. 

The negative nitrogen balance usually observed postoperatively in P a ' 
tients of the control group on the usual hospital regime was prevented by the 
same measures which prevented the decrement in liver function. Ambulation 
alone caused a shift in nitrogen balance toward the positive side. 

Attempts to use 17-ketosteroid excretion, creatine excretion, creatinine 
excretion, renal tests, and many additional liver-function tests were of little 
clinical value. 
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The cardiovascular efficiency was measured by the response of the patient 
on the tilt-table, stair-climbing test,' step-up test, and an over-the-bed, push-up 
test. A single, numerical value has been developed for expressing the cardio- 
vascular response to tilting. 

Patients who were on the program of full ambulation exhibited less cardio- 
vascular impairment than those on a program of modified ambulation or those 
on the control program. Patients who received adequate quantities of proteins 
and calories throughout the postoperative period (tube fed) also showed less 
impairment than the controls. This indicates that adequate proteins and calories 
exerted a favorable effect on circulatory efficiency. 

The strength of hand grip, the endurance time of hand grip, and the re- 
sponse to selected psychomotor tests showed no significant decrements. 

The expected temperature and pulse rate variations of patients exhibiting 
normal convalescence will be illustrated and described. 

The totality of the results indicates that a herniorrhaphy is a slight op- 
erative load. It is a more useful procedure for studying metabolic changes 
than those revealed by performance tests. It is an excellent experimental pro- 
cedure, since it is possible to secure adequate controls and the patients can all 
be brought to a normal state of health prior to operation. 


DISCUSSION 


Dr. Bichakd M. Johnson, Long Beach, Calif. — I want to ask what yon mean by high 
caloric intake. There seems to be some doubt if nitrogen balance can be maintained on less 
than 1,500 calories a day, so I would like to find out how many calories you give. I think 
that this is an important study, and in any study of this sort it is important to know how 
much activity the patient has and how much his muscles are used. 


Dr. M. A. Blankenhorn, Cincinnati, Ohio. — I would like to ask the essayist if he has 
compared all wound infections with infections of the lung with atelectasis. I have in mind 
that a lung infection might result in an anoxia. This might be an important determining 
factor in tho urobilin output. I would also like to ask if these were all urine urobilin de- 
terminations and whether any accounting was made of the stool urobilin. 


Dr. Warren B. Cooksey, Detroit, Mich. — Are there any preliminary reports on more 
prolonged or more chronic illnesses? I did not understand whether these patients were in the 
younger ago group or whether they were an army group. Certainly Dr. Keeton and his co- 
workers deserve our commendation. I have the feeling that clinically an organized con- 
valescence is of great value, but I know how difficult it is to get any support for a program 
of this sort. I can testify to this after seventeen years of attempting through subsidy and 
endowment to create a really good convalescent facility for Detroit, which is, I believe, a 
typical American city in this respect. We are barely able to keep a thirty-five bed endowed 
institution full of true convalescents. Wc are flooded with chronic and senile cases. We must 
rkv more attention to tho convalescent problem, and Dr. Keeton’s work is an excellent start. 

Dn. Cecil J. Watson, Minneapolis, Minn.— I judge that there is less urobilin excreted 

, * >at ' C . n , ta w |'° have been given spinal anesthesia. What type of inhalation anesthesia wa= 
used in the other patients? 


Kcrr ON. I nm quite certain that the problem of calorics is important. Wc resrard 
l* requirement plus 20 per cent as a maintenance or just maintenance Set. 

talk about high caloric 


A a matter of fact, tlie«e patients lo=t weight on that diet 

diets ... » 


" C mr! ' n *** 1*- 100 1« « «>c basal requirements are 1,700 eaTori^ and the 
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patient is fed 3,400, that should be more than sufficient to take care of the increased require- 
ments associated with operation. 

As to the age group of these patients, they were very largely young men who were 
furnished to us through the draft boards. Consequently, wo believo that this constitutes a 
good control group for tlio study of operations becauso the subjects wero relatively normal. 
I appreciate the suggestion made that when we start on most operations wo are working on 
side individuals and it becomes more difficult to study the patient’s physiology prior to his 
operation. 

Wo have not made any careful study of patients’ response based on the types of infee 
tion. I simply gave you all the infections which aroso in the course of this operation. TO 
have recently agreed that in order to standardize further our procedures we would use 
penicillin as a prophylaxis for postoperative pulmonary infections. 

The anesthetic which was used was nitrous oxido induction with ether. Pontocaino wa' 
used for tho spinal anesthetic. No determinations were made of the urobilinogen in the stools 

RELATION BETWEEN STRUCTURAL AND FUNCTIONAL 
ALTERATIONS OF THE LIVER 

Hans Popper, M.D. (By Invitation) , Murray Franklin, M.D. 

(By Invitation), Frederick Steigmann, M.D., and 
Donald D. Kozoll, M.D., Chicago, III. 

In eighty-five patients suffering from various hepatic diseases (infection 
and toxic hepatitis, cirrhosis, benign and malignant extrahepatic obstruetioi 
and other hepatomegalies), liver biopsies were performed by needle; they wer 
repeated in twenty-seven instances, sometimes by surgical excision. Prior t 
each biopsy several liver function tests were performed. In general, the hi: 
tologic diagnosis agreed with that derived from clinical and laboratory observt 
tions. Occasionally, the histologic differentiation of biliary hepatitis due t 
extrahepatic obstruction from infectious and particularly toxic hepatitis TO 
difficult. Sometimes the clinical impression was corrected by the liistolog 
findings. 

To evaluate morphologically the liver function tests, the degree of eac 
histologically demonstrable change was plotted against the result of each tc: 
and statistically evaluated. From the material examined so far, a close correli 
tion appeared between diffuse damage of the epithelial liver cells (characterize 
by histologic criteria) and pathologic results in cephalin cholesterol floccul 
tion, thymol turbidity, and bromsulfalein tests; between moderate relation to r 
duction of prothrombin time, increase of serum bilirubin, and reversal of A/ 
ratio ; and between slight relation to increase in sedimentation rate, urinal 
urobilinogen, N. P. N., and decrease in cholesterol ester ratio and serum vitann 
A. No quantitative relation appeared to serum alkaline phosphatase, tot 
cholesterol, fecal urobilinogen, and direct-indirect bilirubin ratio. 

In contrast, focal parenchymal necrosis bore a slight relation only 
cephalin flocculation, thymol turbidity, and serum vitamin A, indicating th. 
focal damage, even if more severe than diffuse liver cell damage, may esca] 
recognition by function tests. Regeneration of the liver cells showed a signi 
cant relationship to thymol turbidity and a questionable one to cephalin flocc 
lation and serum vitamin A. Regeneration was more often found when d« 
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in cholesterol esters and A/G reversal were moderate than if advanced. Recon- 
struction of the lobular pattern appeared related to eephalin flocculation, less 
to thymol turbidity*. With marked inflammatory activity in the periportal 
fields, the sedimentation rate was uniformly elevated ; the former bore some rela- 
tion to eephalin flocculation, increased serum bilirubin, and reduced prothrom- 
bin time. Its relation to thymol turbidity and urinary urobilinogen was 
equivocal. Increased activity of Kupffer cells coincided only somewhat with 
A/G reversal, reduced cholesterol esters, increased serum bilirubin, and ele- 
vated thymol turbidity. 

Although obviously marked overlapping occurs between histologic changes 
in the individual patient, it is nevertheless hoped that this morphologic ap- 
proach may help in the diagnosis of hepatic disease by establishing relations 
between results of function tests and the different pathologic phenomena within 
the liver. 


DISCUSSION 

Dr. Cecil J. Watson, Minneapolis, Minn. — Dr. Hoffbauer and I often have been im- 
pressed with the striking lack of correlation between histologic evidence of disease and changes 
os reflected by some of the functional tests. This was first borne in upon us several years 
studying liver damage due to sulfanilamide. In many of these cases we saw out- 
-po en jaundice with other evidence of liver dysfunction but with surprisingly little histologic 
Ji nice of impairment. Conversely, we often have seen instances of cirrhosis of the liver 
derange ^ liU1 ° evidence of functional impairment in spite of marked histologic 

Ube t0 emphasize that group of cases of late or chronic hepatitis with jaundice 
return best dcsignated as cholangiolitie hepatitis, in which liver cell function has 

fonru) ? !° normal and thc appearance of the liver cells as studied by means of biopsy is 
condition -° n °I ma1 ' 0ne often Eees little 111 tbe biopsies from this sort of case, although the 
one can onlv n nTf' BeCaus . e of marbed evideace of regurgitation of bile in the blood, 
J conclude that there is a functional injury of the cholangiolar epithelium. 

was carricdm,^ ^ t P ° PPer , haS USed a sim P le Eilrllcb ^st and I presume that the test 
of normal which? 8 0 Sa ® p e " or short period col!ections of urine. I think the upper limit 
proup found that 33 J* t0 ° ? lgh - We stadied normal scents and in that 

afternoon- the r P <*? P tad 6SS thaa 1 111111 m tTro_honr samples from 2 to 4 in the 

sent the uoncr 1i n? 51 Up , t0 1-5 unats ' We are “dined to believe that 1.5 units repre- 
hare regarded an?,- ° nomaI > although there may be borderline cases up to 2.0 units. We 
regarded anything over 2 units as distinctly abnormal. 

°f value S d aui e 0 f°jt e s m s? 3 S- t tIiat V? ; P roced ure has limited value. It has a good deal 
number of individual* a ? 6 ease ™ th whicl1 U 0311 be a PP lie d to a largo 

had a normal value ore ° / ? ° the . r ha ud, rve have seen individuals with liver disease who 

‘he urobilinogen might ka P -T° d ? f tim6 ’ and yet iu the same tw entv-four hour period 
might show a considerable degree of elevation. 

Sh0Uld 11116 t0 c0m pliment Dr. 
‘^een extrahepatic biliarr oh t s .' tad} \ 1 would Ilbe 11150 to usk about the distinction be- 
tha ‘ 'f the biopn- could ’be S rUCtl ° a a f d he P atltl s on the basis of biopsy. We have thought 
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that would denote or at least lead them to suspect fatty infiltration of tho liver. How 
extensive were tho changes in the cholesterol ester fractions? 

Dn. Leon Schiff, Cincinnati, Ohio. — I would like to ask Dr. Popper if he lias noticed 
any specific changes in the livers of those patients with hepatitis in whom the jaundice appears 
to bo completely obstructive in character. Theao cases present laboratory changes that cause 
them to bo confused with cases of obstructive jaundice due to stone or tumor. Is there 
any specific change in the liver biopsy specimens in this particular group of hepatitis often 
called cholangiolitic form of hepatitis? 

Dr. Popper. — First, I want to stress once moro thnt in a certain number of patients 
examined, discrepancies between anntoniical and functional changes were found. For in- 
stance, a certain percentage of patients who revealed liver function impairment did not show 
liver cell damago in the biopsy specimen and vice versa. What we are attempting is a 
statistical approach comprising all cases. 

Wo can confirm the observations of Dr. Watson ns to the occurrence of the morphologic 
picture of cholangiolitic cirrhosis without significant disturbance of many of the liver 
functions. We have five cases of this type on record. 

As to tho question of histologic differentiation between the various types of hepatitis, 
we found the morphologic differentiation between infectious (viral) hepatitis from toxic 
hepatitis due to a variety of causes not too difficult to make. Wo believe. wc hare histologic 
criteria as well for the fatal as for the nonfatnl form of these diseases. On the other hand, 
the differentiation between toxic hepatitis from biliary hepatitis due to cxtrahcpatic obstruc- 
tion is sometimes difficult. We have mado most of our mistakes in the interpretation of liver 
biopsies along this line. Wc are trying, at present, to develop histologic criteria by obtaining 
additional experience on those cases. One reliable evidence for a biliary hepatitis due to 
extrahepatic obstruction is the so-called bilo infarct which represents necrotic areas im- 
pregnated with bile. It does not occur in other groups. Wo arc at a loss to explain the 
morphologic cause of intraliepatic biliary obstruction and we accept tho explanation of Watson 
and Hoffbauer, namely, that of a morphologically unrecognizable reflux through the bile ducts. 

Wo are encountering difficulties in tho chemical determination of cholesterol esters in 
using tho colorimetric method. In our material fatty changes were often accompanied by a 
decrease in the cholesterol ester percentage. On the other hand, wo occasionally saw severe 
hepatitis with little decrease of the ester percentage. 

HEPATITIS WITHOUT JAUNDICE IN INFECTIOUS 
MONONUCLEOSIS 

Quin B. DeMarsh, M.D. (By Invitation), and Howard L. Alt, M.D., 

Chicago, III. 

From reports of punch biopsies, the jaundice occasionally associated with 
infectious mononucleosis has been shown to be due to parenchymatous changes 
in the liver not unlike those seen in infectious hepatitis. Similar changes in the 
liver have been reported in a nonjaundiced ease of infectious mononucleosis. 
Cohn and Lidman (1946) found evidence of impaired liver function in fifteen 
consecutive eases of infectious mononucleosis without jaundice. 

We have performed serial liver function tests in nineteen consecutive cases 
of infectious mononucleosis without jaundice (icterus indices of 10 units or 
less). Some degree of hepatic dysfunction was present in all eases as shown 
by the cephalin-cholesterol flocculation and sulfobromphthalein excretion tests. 
The maximum dye retention was 36 per cent in one hour. An abnormal albumin- 
globulin ratio was present in two out of ten oases in which it was determined. 
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There was a correlation between tbe severity of symptoms and the degree of 
liver damage. The usual duration of hepatic dysfunction was three to six weeks, 
bat in three cases it persisted for three to four and one-half months. The liver 
was palpable and/or tender in eight of the nineteen cases. 

The treatment consisted of rest, a high protein, high carbohydrate diet, and 
vitamin supplements. We have no evidence that the course of the disease was in- 
fluenced by the diet. Patients who resumed moderate activity before the liver 
function returned to normal had no relapse of liver disease as indicated by liver 
function tests or by an increase in size and tenderness of the liver. 

DISCUSSION 

Dp. A. E. F eller , Cleveland, Ohio.— How was the diagnosis established in these cases? 

De. DeMap.sk. — W e performed serial white blood cell and differential counts in all 
of these patients. We made the diagnosis clinically first and confirmed it by heterophil 
agglutination tests. We did not do the absorption test. The clinical pictnre in each case was 
very typical and could not be confused with anything else. 


THE EXPERIMENTAL PRODUCTION OF JAUNDICE OF THE DIRECT- . 
REACTING TYPE BY THE INJECTION OF A PREPARATION 
OF DIRECT-REACTING BILIRUBIN 

P. E. Snapp, M.D. (Bv Invitation), M. Gutmann, M.S. (By Invitation), 

T. W. Li, Ph.D. (By Invitation), and A. C. Ivy, Ph.D., Chicago, III. 

By making an alkaline aqneous solution of crystalline bilirubin and mixing 
it with pooled canine plasma, and then injecting this alkaline bilirubin-plasma 
fixture into dogs, a direct-reacting type of jaundice, as occurs in obstructive 
Jaundice, can he produced. 

The amount of plasma and source of bilirubin is important ; the best mixture 
is made as follows: 300 mg. of crystalline gallstone bilirubin is dissolved in 45 
e -c. of N/lG NaOH, and the resulting solution is added to 300 c.c. of pooled recon- 
stituted canine plasma. When this is given slowly intravenously, no reactions or 
^ anges in body temperature have been observed in twelve dogs. For some un- 
own reason about twice as much bile bilirubin as gallstone bilirubin has to he 
used to give an. equivalent blood retention of the bilirubin (thirty-four tests). 

B> giving an injection of 200 to 300 mg. of bilirubin plasma every third 
or fourth day, or smaller doses every day, the jaundice was maintained in three 
°gs for four weeks. The jaundice cleared in five to seven davs after eeasin" 
'I'e administration. 

o{ ^ hen tlie Jaundice was maintained by giving 50 mg. of bilirubin in 50 c.c. 

p nsma daily, the only change detected was a delay in rose bengal clearance, 
the \u I ^ Cr d ° SCS ’ tIlc rose i)Cn " al clearance was decidedly reduced in three dogs, 
of ervn mC phosphatase %vas slightly increased in one, the sedimentation rate 
four marked! - v increased in two and slightly in the other, and in 
woir. 1,1 S 3 S ‘ ght ancm5a occur red. The animals ate well and did not lose 
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It is suggested that a method is now available for producing a direct* 
reacting type of jaundice in patients with arthritis by substituting human for 
canine plasma in the previously^ mentioned specifications with the idea of as- 
certaining whether a remission of the disease may be induced. 

DISCUSSION 

Da. Cecil J. Wa tsok, Minneapolis, Minn. — If this method were to be applied in a large 
series of cases it would be interesting to compare the two forms of jaundice which one might 
expect, that is, that which is produced immediately due to tho injection of bilirubin and that 
which will ensue in some instances about threo months later due to transmission of the rims 
of homologous serum hepatitis. 

THE EFFECT OF METHIONINE UPON THE URINARY NITROGEN IN 
HUMAN BEINGS AT NORMAL AND LOW LEVELS 
OF PROTEIN INTAKE* 

Richard M. Johnson, M.D., II. J. Deuel, Jr., Ph.D. (By Invitation), 

Margaret G. Morehouse, Ph.D. (By Invitation), and John W. Mehl, 
Ph.D. (By Invitation), Long Beach, Calif. 

Methionine offers considerable protection to the livers of experimental an- 
imals against liepatoxic agents and is thought to be of some therapeutic value 
in the treatment of certain types of liver disease in man. Methionine has been 
observed to exert a protein-sparing action in the dog, rat, and chick. This study 
was undertaken to determine the protein-sparing action of methionine in man. 

Eight volunteers were placed upon diets containing 2,000 calories and ll- 9 
and 2.3 Gm. of nitrogen with and without 3 Gin. d-1 methionine for one or more 
periods of ten days each. 

All subjects were constantly observed by four nurses and an attendant 
who kept daily records of temperature, pulse, respiration, and physical activity 
and weekly records of body weight, blood pressure, plasma protein concentra- 
tion, hemoglobin, and red blood cell counts. The daily urinary excretion of 
nitrogen, creatinine, and sulfate was determined and stools were weighed. The 
diets were analyzed for their nitrogen content. 

Methionine did not significantly alter the urinary nitrogen or creatinine 
excretion in any subject under these conditions. About SO per cent of the 
methionine given were accounted for by increased urinary sulfate excretion and 
10 per cent were excreted as methionine in the urine. 

Four volunteers from the Department of Biochemistry were given 600 cal- 
ories or 1,200 calories containing 0.94 Gm. nitrogen. In this group methionine 
failed to exert a protein-sparing action. Ninety-six per cent of the methionine 
taken was accounted for by increased sulfate excretion. 

Conclusions . — Methionine did not exert a protein-sparing action at 2,000 
caloric intake level containing 11.9 and 2.3 Gm. of nitrogen. 

Methionine did not exert a protein-sparing action at a 600 or 1,200 caloric 
level containing 0.94 Gm. nitrogen. 

- The methionine was metabolized. 

•This work was done under a contract between the University of Southern California 
and the Research and Development Branch. Military Planning- Division of the Office of the 
Quartermaster General, United States Army. 
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A species difference for minimum requirements of methionine is suggested. 
The daily urinary nitrogen excretion was lowest at the 2,000 calorie intake 
level and greatest at the 600 caloric intake level. 


ULCER OP TEE LEG DUE TO ARTEREOLOSCLEROSIS AND ISCHEMIA 
OCCURRING IN T HE PRESENCE OP HYPERTENSIVE DISEASE 
(HYPERTENSIVE-ISCHEMIC ULCERS) 

A Preliminary Report 


Edgar A. Hines, Jr., M.D., and Eugene M. Farber, M.D. (By Invitation), 

Rochester, Minn. 


A small group of patients has been observed who had painful ulcers of the 
legs which were difficult to heal and which did not fit into any of the usual clini- 
cal classifications of ulcers of the leg. The lesions did not have the appearance 
of typical stasis ulcers but were ischemic and similar to the ulcers which result 
from spastic or occlusive involvement of the smaller arteries such as occurs in 
chronic pernio, livedo reticularis, or senile changes in the s kin . However, in 
this particular group of patients none had any of the commonly recognized con- 
ditions producing ischemic or stasis ulcers, and no dermatitis was present. The 
usual diagnosis was ischemic ulcer of undetermined cause. 

After observation of several patients it was noted that, aside from the fact 
that they were all women with the same type of nicer of the legs, they had one 
condition in common, namely, hypertensive disease of long duration and con- 
siderable sclerosis of the retinal arterioles of the chronic hypertensive type. It 
was considered that changes similar to those in the retinal arterioles could also 
occur in the small arteries of the skin and subcutaneous tissues and could give 
nse to small areas of infarction of the skin. As the result of trauma or for 
some unknown reason, the skin might break down and such an ischemic ulcer 
would form. 


The first case in which we considered that the ulcer on the leg might be 
related to vascular changes in the skin due to long-standing hypertensive disease 
was observed in 1941. Up. to the present time we have observed seven patients 
end have obtained from the file of the clinic records of four patients who had 
the typical ulcers and hypertensive disease of long duration and no other vascu- 
ar or cutaneous disease which could account satisfactorily for the lesions. "We 
arc presenting this group of eleven eases as a possible new syndrome, with the 
■ope that additional observation and study will further clarify the cause and 
reatment of these lesions. 


Histopathologic study of specimens from the ulcers and of the adjacent 
s an in five cases revealed organic changes in the arterioles. The most common 
c ranges were an increase in the thickness of the arteriolar wall and a decrease 
t < “ ameter of t}ie ^men. An increase in the number and size of the nuclei 
we \ nC ^ egeneration the media, intimal proliferation, and periarteritis 
s ndu v n ^ tC<3 ‘ The chan S es paralleled those reported by Keith, "Wagener, 
tiff > arkCr . m thcir ^dies of the pectoralis major muscles in cases of essen- 
isw* There vrere no significant pathologic changes in the sections 

0 tissue removed from the ulcers except with reference to the arterioles. 
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- Tentative criteria for the diagnosis of hj'pcrlcnsive-ischcmic ulcer of the 
leg should include: (1) hypertension, (2) an ischemic appearing ulcer, (3) in- 
dolence of ulcer, (4) moderate to severe pain, (5) poor response to conventional 
treatment, and (6) typical changes of the blood vessels in and near the lesion 
as indicated by biopsy. The following should be ruled out before the diagnosis 
is made: (1) significant chronic venous insufficiency, (2) occlusive arterial 
disease, (3) syphilis, (4) blood dyserasia, (5) cutaneous sensitivity to drugs, 
frostbite, seasonal variations affecting the occurrence of the lesions, or serious 
local injury, and (6) other diseases on pathologic study of the lesion. 

DISCUSSION 

Dk. Roy AY. Scott, Cleveland, Ohio. — Will you tell us what therapeutic management you 
lmvo found of most value in these cases? 

Dr.. A. A. Hoi.brook, Milwaukee, Wis. — Several of the photographs of leg lesions looked 
liko cutaneous diphtheria. I wonder if any culture studies were made. 

Dr. Hines. — In regard to treatment, wo lmvo considered these patients from the stand- 
point of an occlusive arterial disease. Treatment 1ms included such vasodilators as heat or 
diathermy applied to other parts of the body than the lower extremities, typhoid vaccine 
administered intravenously to produce fever in the younger patients, and occasionally whisky 
given orally. I believo this approach lias been helpful. Of the various local applications tried, 
and they have been numerous, it would seem that powdered blood cells worked the best. Tl |e 
ulcers were slow to heal but they did heal eventually. 

Cutaneous diphtheria was considered in scvernl cases. Cultures were made several times 
in each case and we found no special organisms in these cultures. I do not believe the 
condition can bo considered as cutaneous diphtheria. 

AORTIC STENOSIS: AN ANALYSIS OP 306 PROVED CASES 

Carl Kumpf., M.D. (By Invitation), and William B. Bean, M.D. 

Cincinnati, Ohio 

Recently two instances of advanced aortic stenosis with bizarre clinical 
findings were studied during a single week on the wards of the Cincinnati Gen- 
eral Hospital. Because the diagnosis was missed we have undertaken a review 
of all cases of aortic stenosis without significant lesions of other valves which 
have come to autopsy in the Department of Pathology in the last twenty-six 
years. We found 106 cases from a total of 15,806 records. A survey of medical 
reports and textbook discussions of aortic stenosis revealed great emphasis upon 
the classical signs of basal systolic murmur transmitted upward, and thrill, but 
little or no consideration of the atypical case which in our’ experience has actu- 
ally predominated. Correct diagnosis, unless established in a former admission, 
was rarely made in the presence of acute cardiac failure of either forward or 
backward variety because of the absence of classical signs. The most common 
mistakes in diagnosis were primary disease of the central nervous system (that 
is, cerebral vascular accident, epilepsy), acute myocardial infarction, and pul- 
monary embolism. Even when the diagnosis of aortic stenosis was correct, mitral 
stenosis was diagnosed frequently but not found post mortem. 

The history, mode of onset, electrocardiogram, x-ray, clinical and laboratory 
data, course of the disease, and manner of death will be correlated with the 
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cardiac and other findings at autopsy. Although syncopal attacks and. e\en 
transient hemiparesis were fairly frequent, dizziness and petit mal-like seizures 
cere very common as were anginal pain and paroxysms of dyspnea. A terniina ( 
state of shock with symptoms referable to a varietj' of organs was encountered 
often. Advanced degrees of aortic stenosis were found to be compatible with a 
relatively long life, especially if the patient lived within the narrow margins 
of his cardiac reserve. With these points in mind recent experience has shown 
that the diagnosis of aortic stenosis can be made without the classical signs if the 
possibility is kept in mind. In fact the local trend now is in danger of swing- 
ing too far. 

DISCUSSION 

De. Bor W. Scott, Cleveland, Ohio.— The difficulties in making a definite diagnosis 
>n patients with congestive heart failure are well established. Vfe all have missed these 
patients and have been surprised to find very marked aortic stenosis at the post-mortem 
table. I hope that Dr. Kumpe will comment on the question of whether calcific aortic stenosis 
is a distinct entity or whether it is always dne, as some believe, to a preceding inflammatory 
process involving the aortic leaflets. 

Dp„ Kujipe. — -I n reference to the question about calcific aortic stenosis we do not have 
any answer. We did not go into the pathology. Dr. Bean agreed that it was a good topic 
to avoid. 

In reference to the question about pure congenital aortic stenosis, no ease was con- 
sidered to be congenital in this series. 

As to the electrocardiographic changes, forty-four showed left axis deviation, seven no 
axis deviation, and one a transient early right axis deviation which later returned to no axis; 
fbere were twelve auricular fibrillations, and there was a P-B interval in twenty-one cases over 
0.2 second. 


AN ANALYSIS OF IMMEDIATE MORTALITY IN 572 CASES OF 
RECENT MYOCARDIAL INFARCTION 

D. N, Katz, M.D., and S. S. Mintz, M.D. (By Invitation) , Chicago, III. 

_A series of 572 eases seen at the Michael Reese Hospital between 1940 and 
. inclusive have been investigated to determine some of the factors involved 
m causing immediate mortality (during the hospital stay). Hypertension ap- 
pears to have no influence on the immediate prognosis of acute myocardial in- 
action. Diabetes mellitus definitely adds to the gravity of the prognosis, 
especially in women. It increases the frequency of death by precipitating 
uncontrolled diabetes and ketosis. Angina pectoris preceding acute infarction 
I 15 3)0 significant effect on the immediate prognosis. However, the persistence 
0 anginal pain after the attack makes the immediate prognosis graver. Pulse 
Pressures of 25 mm. Hg or less are of great prognostic significance. A systolic 
^.oo pressure drop to 90 mm. Hg for several days is a poor prognostic sign, 
dm J>r j Scmco °} sll0C ^ iias a similar implication. In the hypertensive group a 
mod 3 " i systol ‘ c .P rcssiiro to 100 mm. Hg for three to five days makes the im- 
nn inr° P ,™ enosis . poor - Tllc immediate mortality is greater in patients having 
TW • evolving the septum or one showing atypical or combined patterns. 
'va\l -'V' 0 Slgl “ ficmn difference in the mortality rate of anterior and posterior 

tn'en cS; typcS \ hc ® ortaIit - v rate is bi ^r in women than in 

' ac arrhj thmias make the immediate prognosis grave especially when 
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quinidine and/or digitalis arc exhibited. The most serious types of arrhythmias 
arc frequent ventricular premature systoles and intraventricular block. The 
presence of congestive heart failure is a grave prognostic sign. There is an 
added hazard in the use of digitalis in such patients, the immediate mortality 
being higher in those patients who received digitalis. Thromboembolic 'phe- 
nomena occurring during recent myocardial infarction have a grave prognostic 
significance. 


discussion 

Dr. Roy W. Scott, Cleveland, Ohio. — Do you have any data on tlio relation between the 
duration of shock after the initial attack and the ultimato prognosis? It has seemed to me 
that the longer the patient remained in shock the surer he was to die. 


Db. Cron, Striker, Cincinnati, Ohio. — I would like to ask if Dr. Katz has any opinion on 
the use of anticoagulants as a factor against these mortality statistics. 

Dr. M. J. Shapiro, Minneapolis, Minn. — I should like to ask if Dr. Katz concludes that 
one should not uso quinidine at all in the treatment of coronary thrombosis. 


Dr. Moses Barron, Minneapolis, Minn. — I would like to know how many of the patients 
showed embolic phenomema. I also would lilco to ask about the use of digitalis in coronau 
thrombosis, since Dr. Katz spoke of the dangers of its use. It is true that we have to M 
careful in the use of digitalis in these cases; however, when there is congestive heart failure 
digitalis should bo used but in a smaller dose. Would this method also contribute to t e 
death in such cases? 


Dr. Henry T. Ricketts, Chicago, 111.— I should like to ask what evidence Dr. Katz has 
that the administration of insulin, short of producing hypoglycemia, is harmful to the patien 
with diabetes with myocardial infarction. If lie believes that patients with infarction are 
benefited by hyperglycemia, is it his custom to administer glucose routinely? 

Dr. Johnson McGuire, Cincinnati, Ohio. — How lafo in the courso of convalescence did 
embolic phenomena occur? 

Db. Harold C. Bueth, Omaha, Neb.— I would like to ask Dr. Katz if ho made a study 
of the degree of cyanosis and its relationship to mortality in myocardial infarction. 

Dr. Warren B. Cooksey, Detroit, Mich. — I feel tiiat there is indeed nn occasional dkect 
relationship between strenuous exercise and coronary thrombosis. Dr. Katz does not sta 
the time element involved in his study. Surgeons know that several days may elapse before 
signs of thrombus develop after a Wood vessel trauma, and this should be borne in m‘ D 
in relation to coronary thrombosis. A few years ago a study of 100 patients under my care 
seemed to show that seventeen of them were sedentary individuals who had engaged in 
strenuous physical exertion within twenty-four to forty-eight hours of their signs of comp ,cte 
occlusion. 

Dr. Roy W. Scott, Cleveland, Ohio. — What about post-mortem evidence of hemorrhage? 


Dr. Carl F. Shaffer, Houston, Texas. — What are your criteria for diagnosis? 

Dr. Katz.— W e have no adequate data on the duration of shock and, the ultima? 5 
prognosis. I would consider, however, tiiat the prognosis would be worse the longer the 
duration of shock. 

- As to anticoagulants, I think that the cooperative study which Dr. Wright has set up 
may settle this when 1,000 cases are carefully studied. My own feeling is that a patient 
who. has had a thromboembolic phenomenon, after the original infarct, should recei' 0 
anticoagulants. I might be persuaded to give it in all instances of recent infarction. 

We use quinidine when there is an indication for it. Multiple premature systoles or 
paroxysmal tachycardia is one indication. However, quinidine is a dangerous drug M*® 
should be given cautiously in acute infarction. 



327 


PROCEEDINGS OF NINETEENTH ANNUAL MEETING 

Of the 572 cases iu our series 107 patients died (21.8 per cent) and fifty-two had 
thromboembolic phenomena; of these twenty-nine died (55.8 per cent). Thromboembolic 
phenomena occurred in 10 per cent of all patients. Thromboembolic phenomena occurred in 
27.1 per cent of the patients who died. ' 

Of course we gire digitalis. If there is an indication give it, give it slowly and care- 
fully. We are not sure what the cause of death is in these digitalized patients; nevertheless, 
there is sufficient hazard connected with its use to avoid giving it to every patient with an 
infarct, unless the patient shows progressive congestive heart failure. 

As regards insulin and glucose, I made the statement about the danger of giving insulin 
to patients with angina because such patients then do not do so well. In acute emergencies 
insulin is corered with glucose. 

I have no specific data on when emboli occur during convalescence, but I would say 
it is within two weeks after the infarction. 

We did not study virus infection in the lungs. 

About physical exercise, I point to the work of Bltungart that infarction was found to 
ensue after unduly severe exercise in Army personnel. In our series one patient had a similar 
story. We admit that when we take a history there are omissions, that patients may not 
remember all the facts, and that the questions may prejudice the patient. 

We have made no analysis of subintimal coronary hemorrhage in this series. 

The criteria of location of a lateral wall infarction in the electrocardiogram is published 
m my book on electrocardiography. 

The Michael Beese Hospital patient population is about equally divided between the two 
wes, and the male dominance in infarction is therefore not dependent upon an unequal sex 
ospital population. 


PRESENT STATUS OF THE THERAPY OF EXPERIMENTAL 
RENAL HYPERTENSION* 


G. E. Wakerlin, M.D., Outer Kamm, Ph.D. (By Invitation), Wayne 
Donaldson, M.S. (By Invitation), W. G. Moss, M.S. (By Invitation), 
Hiroaki Minatoya, M.S. (By Invitation), Ted Lefco, B.S. (By 
Invitation), and John Marshall, B.A. (By Invitation), 
Chicago, III., and Detroit, Mich. 


The Council has asked me to present a brief review of the recent research 
°f our group at the University of Illinois with reference to the present status 
°f the therapy of experimental hypertension produced by constriction of the 
iinal arteries, and as more or less summarized in three abstracts in this year’s 
roceedings of the Central Society for Clinical Research. 


The three therapeutic approaches which have received most attention in 
>ecent years have involved the use of naphthoquinones, marine and fish liver 
0l ‘s, and renal extracts. Several groups of investigators have reported the 
successful therapy of renal hypertensive rats and dogs with various quinones, 
especially the vitamin Jv naphthoquinones. There is at least one recent favor- 
j' ’ e rc P°U in tiie literature on the use of water-soluble vitamin Iv in essential 
hpertension. However, we have found no antihypertensive effect in renal 
>> pcrteiisivc dogs from cither fat-soluble or water-soluble vitamin K. This, of 
course, docs not preclude effectiveness in human essential hypertension, since 
U C 5 UCstl ° n of a common partial pathogenesis of experimental renal hvper- 
- Utslon an « essential hypertension is still unsettled. 


S'~l.CK'l So/™ Unlvcrrn" ©f'nJtaSl P " M:v ’" Wc r 'Wndatlon aim 


the Graduate 
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' Following earlier clinical reports of the value of vitamin A concentrate ob- 
tained from fish liver oils in essential hypertension, we tested a vitamin A 
concentrate as well as a number of other vitamins in the treatment of experi- 
mental renal hypertension. None of these was effective except the vitamin A 
concentrate. Since then our group has tested three other lots of presumably 
the same vitamin A concentrate and found only one to be slightly antihyper- 
tensive. Of two other vitamin A concentrates tested, one showed slight anti- 
hypertensive activity. Eleven marine and fish liver oil fractions have proved 
to have no antihypertensive effect. Another research group has likewise found 
fish liver and marine oils inconstantly to contain variable amounts of an 
orally effective antihypertensive principle. This principle is definitely not 
vitamin A. Assay of its value in human hypertension should await further 
work on the separation, purification, and, if possible, identification of the 
principle and its production in adequate quantities. 

A number of workers have reported the presence of an antihypertensive 
principle in kidney, but to date no one has produced a consistently effective, 
reasonably purified preparation properly suited for decisive trial in essential 
hypertension or human renal hypertensions. Our research group has found 
a crude renal extract to be highly effective in the treatment of renal hypertensive 
dogs. At first we suggested that the antihypertensive effect was due to the 
in vivo neutralization of renin by antirenin produced as a result of the injections 
of renin contained in the crude extract, but more recent work makes the 
antirenin hypothesis very doubtful. Since we have obtained evidence that the 
antihypertensive activity may be in the nonrenin portion of the crude extract, 
we have studied about thirty fractions of the crude renal extract, some contain- 
ing little or no renin. Certain of these fractions have proved to be inconstant y 
active, but we have not as yet been able to produce a consistently active purified 
preparation. On the basis of our work to date, we have demonstrated the 
following properties for the antihypertensive renal principle: (1) water-soluble 
(at least between pH 4.0 to 8.0) ; (2) retains at least partial potency for one 
year at pH 4.0 and 4° C. ; (3) fairly resistant to slow freezing; (4) partial y 
stable at 70° C. for twenty minutes ; (5) poorly resistant to 40° C. for four hours 
under vacuum at pH 4.0 ; (6) probably nondialyzable ; (7) partially precipitated 
by Vi 2 saturation with (NH 4 ) 2 S0 4 ; (8) possibly a protein somewhat smaller m 
size than the pseudoglobulin renin. 

We have likewise been able to substantiate our earlier observations that 
certain renal extracts given prophylactically will prevent the development o: 
experimental renal hypertension in dogs. The technique of renal artery con- 
striction which we have used gives a somewhat higher percentage of hypertension 
success than that reported by other researcli groups or obtained by us with slight 
modifications of the technique. 

Recently we have been able to remove renin from the kidney biologically n n 
are in the process of testing nonrenin kidney extract for the antihypertensive 
renal' principle therapeutically and prophylactically. More work is obviously 
necessary before a sufficiently pure and potent preparation of the antihyp er " 
tensive renal principle is available for trial in human hypertensions. 
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DISCUSSION 

Question. — What about the fever-producing qualities of these kidney extracts? 

Dk. Wakerlin. — We studied this and have found that our renal extracts (which are 
administered intramuscularly) have no pyrogenic effect. 

THE RESULTS OF SURGERY IN PATENT DUCTUS ARTERIOSUS 
M. J. Shapiro, M.D., Minneapolis, Minn. 

This study was done to determine the effectiveness of surgery in patent 
ductus arteriosus. An analysis has been made of 643 patients who have been 
operated upon throughout the world. The differences in results of ligation of 
the duct as compared to section are determined. 

Our figures show that at least 10 per cent of the eases that have been 
igated have recanalized. It is also indicated that complications are more com- 
mon with ligation than with section. The over-all picture is exceedingly good. 
The total mortality rate is approximately 5 per cent. 

An analysis of our own sixty-five eases reveals that we have had the average 
number of reeanalizations in those cases that were ligated. In approximately 
forty consecutive cases in our group where section has been done, there have been 
no fatalities. • Gross, Wangensteen, and Craaford have done 172 sections of the 
net with no fatalities. The follow-up study of the majority of these patients 
reveals the results as excellent. 

It is our conclusion that surgery for patent ductus arteriosus is very effective 
and that the mortality rate has now been reduced to the point where all children 
"n h this lesion should he operated upon whether or not they show any evidence 
o cardiac strain. Surgery being more hazardous in adults, operation should he 
ne only if such patients reveal evidence of cardiac strain, particularly if this 
^ progressive. Patients with subacute bacterial endarteritis should be operated 
pon as soon as the diagnosis is made, in most instances, without attempting cure 
th -,1 v in ; eCtl ° n ' vith chem otherapy. As a resiilt of our study, we are convinced 

in ■ !? n 1S meffectlve and should be replaced by section of the duct, except 
rare instances where section is not feasible. 


DISCUSSION 

^«nt! r ; p l D ?“ t KA f SSIE ;, S \ Loui ;’ Mo - 1 like to ask Dr. Shapiro if he would 

that condition ? '° n Wlt 1 patcnt ductus arteriosus if another lesion were present We see 

o in view of the presence of the other lesion. 

mtorvenuSTepTrLSt VTT? .T* had b ° th a P atent dact ^ and an 

that the murmur?*?!, ? We predicted that machinery murmur would disappear but 
hnppen d n wa?V T"* ° f the Bternum ™ uld ««er surgery, and his s wha 

*2* Sat ™ Z 7« ed ^ ^ ^ ° f bott ^ “ it migU i ! 

mother such ca f r a “ Urmur ln the heart was EtUI present We have 

- — ... 
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extracardinc lesion while tho inlet-auricular septal defect is intracnrdiac. A patent duct of 
any appreciable size is always accompanied by peripheral vascular changes secondary i° aw iiJe 
pulse pressure while an intcniuriculur septal defect of any size produces no change in the 
peripheral vascular system. 

PULMONARY ARTERIOVENOUS FISTULA WITH SECONDARY 
POLY r CYTHEMIA OCCURRING IN TWO BROTHERS: 

CURE BY PNEUMONECTOMY 

Alfred Goldman, M.D., St. Louis, Mo. 

This report is based on two cases of pulmonary arteriovenous fistula pro- 
ducing secondary polycythemia, occurring in brothers. 

The first ease is that of a 22-year-old man who had a long-standing 
polycythemia ranging up to 11,000,000 red blood cells, cyanosis, and clubbing 
of the extremities, all of which were known to be present since early childhood. 
An x-ray of the chest showed a mass in the left hilum and left mid-lung field 
which on fluoroscopic examination showed pulsation. There was no evidence of 
heart disease. The diagnosis of a cavernous angioma acting ns a pulmonart 
arteriovenous fistula was made. A left pneumonectomy was recently performed. 
The lung showed a series of widely communicating channels between the pul- 
monary arteries and the veins, so that a good portion of the blood entering into 
the left lung poured directly into the pulmonary veins without oxygenation. 
Following the operation there was a rapid disappearance of the cyanosis, 
polycythemia, and clubbing of the extremities. 

The second case is that of the 32-ycar-old brother. The red blood count was 
7,000,000. There was a marked cyanosis and slight clubbing of the fingers. A” 
x-ray of the chest showed a mass in the left mid-lung field which had a definite 
pulsation on fluoroscopic examination. 

These two cases arc the fourth and tenth cases, respectively, of pulmonaij 
arteriovenous fistula with secondary polycythemia to be reported. This is fi ,c 
first time that the disease has been reported in two members of one family 
A study of all ten eases shows such a characteristic and uniform picture that a 
clinical syndrome due to a large arteriovenous fistula can he established, 
combination of polycythemia, clubbing of the extremities, a low arterial oxygen 
saturation, negative cardiac findings, plus an unexplained chronic pulsating 
pulmonary lesion is pathognomonic of a pulmonary arteriovenous fistula. 
Surgical removal of the lesion results in a clinical cure. 

DISCUSSION 

Ur. Emmet Bay, Chicago, 111. — There was no demonstrable right iieai t enlargement i® 
tho first case. Tho largo pulmonary arteriovenous fistula was shown in the pathologic speemw n 
and I cannot figure out the mechanics of this situation. I would think the output from 1 
right heart would have to be increased with each heartbeat. 

Dr. Milton Landowne, Chicago, HI. — I should like to bring up the following t' T0 
points: , 

(1) The tests which are used to suppoit the diagnosis of a right to left shunt in con- 
genital heart disease would also be expected to reveal the presence of a pulmonary arterio^ 
venous fistula. Thus, one would expect peripheral manifestations of intravenously injected 
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ether (as described for congenital heart disease by Benenson and Hitzig) and possibly an 
apparent reduction in the “arm to tongue” depending on the size of the shunt and the amount 
of material used for the test. 

(2) Adams, 'Thornton, and Eichelberger recently have reported upon the successful 
surgical treatment of this condition. In their case a familial nature of the disease was also 
suggested. They found a suggestive pulmonary shadow in the x-ray of the patient’s father 
and in addition, their patient, his father, and possibly several other members of the familj 
had bleeding telangiectases of the nose and mouth. I wonder whether these cases may not 
ultimately be classified, therefore, as a variety of Osier’s familial hemorrhagic telangiectasia. 

Dp.. Goldman. — O ne would expect to find enlargement of the right heart as the result 
of a pulmonary arteriovenous fistula. However, it did not occur; this is in contrast to the 
situation in peripheral arteriovenous fistulas. There has been no case report in which there 
are any changes in the heart as a result of the fistula. This is explained by the fact that the 
lesion involves only the pulmonary circulation. None of the three cases that came to post 
mortem showed any cardiac changes attributable to the arteriovenous aneurysm. 

; THE DIAGNOSTIC VALUE OF ELECTROCARDIOGRAPHIC PATTERNS - 
BASED ON AN ASSAY OF 261 ADDITIONAL AUTOPSIBD CASES 

L. N. Katz, M.D., D. Feldman, M.D. (By Invitation), and 
R. Langendorf, M.D., Chicago, III. 

.■ An analysis was made of a consecutive series of 261 cases necropsied with- 
' in two months after they had had an electrocardiogram made. The purpose of 
x this study was to determine the accuracy and dependability of our electro- 
t cardiographic criteria. The thirteen specific patterns encountered are enu- 
merated and the criteria listed. In this series forty-one cases were encountered 
111 which discrepancy existed between the necropsy findings and the electro- 
c ardiogram; in the other 220 cases (S4.3 per cent) no discrepancy was found, 
ta general the electrocardiogram is a good index of anatomic normality and 
abnormality of the heart, although its use is limited by its inability to dis- 
Anguish in many eases between the clinical and subclinical forms of heart 
disease. An abnormal electrocardiogram is excellent evidence for anatomic 
x '. ^normality. A normal electrocardiogram, however, is occasionally found with 
v . a n abnormal heart. 

Ventricular hypertrophy is usually reflected in the electrocardiogram by 
t; , heart strain patterns. Left ventricular hypertrophy more often gives rise to 
V hs strain pattern than right ventricular hypertrophy. AYith combined ven- 
lneu \ ar hypertrophy the pattern seen is of the predominantly hypertrophic 
'ontriclo more often than a pattern diagnostic of combined heart strain. 

Reeent myocardial infarctions, especially if serial records are available, are 
seldom missed eleetroeardiographieally. However, old infarcts or severe 
y cor °nary sclerosis without confluent infarction sometimes give rise to patterns 
^milling those of recent infarction. Old healed myocardial infarctions can 
It’’ ? ' cn diagnosed eleetroeardiographieally but not with the regularity of reeent 
infarction. Coronary sclerosis without myocardial infarction generally results 
,<■■■' ln nonspecific electrocardiographic abnormalities, 

T ’ ms stucl - v confirms our previous one, making a total of 410 consecutive 
nnriymi The value of specific patterns in electrocardiography, when 
Properly used, is thus established. 
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ANTITULARENSE SERUM: CORRELATION BETWEEN PROTECTIVE 
CAPACITY FOR WHITE RATS AND PRECIPITABLE 
ANTIBODY CONTENT 

Lee Foshay, M.D., I. Ruchman, Pn.D. (By Invitation), and 
P. S. Nicholes, Ph.D. (By Invitation), Cincinnati, Ohio 

Antitularense sera have hitherto failed to reveal protective antibody against 
challenge with strains of maximal virulence whenever the test animals were the 
mouse, guinea pig, hamster, or rabbit. Past inability to protect highly sus- 
ceptible animals has encouraged an unfounded belief that serum therapy is 
therefore ineffective in the human disease. Since the reaction to tularemic 
infection by the rat approximates more closely that of man than do those of 
other animals, the rat was used for serum protection experiments. 

Protective antibody was readily demonstrated in 2 c.c. quantities of each of. 
four antitularense sera by intraperitoncal injection of the 85 to 110 gram white 
rat and by immediate subcutaneous challenge with 25 million viable organisms of 
maximal virulence, an average of 25,000 LD C0 rat doses. 

Preeipitable antibody content of sera was quantitated by the Culbertson 
neutralization method, using a polysaccharide prepared from acetone-extracted 
cells of a virulent strain by the phenol extraction method of Palmer and Ger- 
lough. 

Rat mortality was the criterion by which serum protection was judged. 

Prechallenge treatment with normal sera gave 95 per cent mortality. P®®' 
treatment with the most potent hyperimmune serum, aged fifteen months, gave 
12.5 per cent mortality. Sera of lesser potency gave correspondingly greater 
mortality. Mortality rates were roughly inversely proportional to preeipitable 
antibody contents of sera. There was good agreement between antibody content 
and protective capacity for four immune sera of graded potencies. 

The difference in clinical effectiveness between the two best sera was of the 
order of that shown by both rat protection and antibody content tests. 

INFLUENZA B : STUDY OF A LOCALIZED OUTBREAK PRECEDING 

THE 1945 EPIDEMIC 0 

A. E. Feller, M.D., Cleveland, Ohio 

The present report is concerned with a clinical and serologic study of a 
localized outbreak of influenza B, which occurred in a battery of 230 recruits 
during the summer of 1945 at Fort Bragg, N. O. The battery had been under 
observation previous to the outbreak and was studied for a total period of 
approximately four months. Blood specimens were obtained at the beginning 
and end of the period of observation, thus providing the basis for correlating 
the clinical studies with the serologic findings. 

The data showed that “recognized” and “inapparent” infections occurred 
with approximately equal frequency. The “recognized” infections occurred 
principally during a period of three weeks, indicating that a definite outbreak 
had occurred. However, more than half of the total infections were concentrated 


♦Prom the Commission on Acute Respiratory Diseases. 
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in only one of the four platoons comprising the batter}-. Thus, the outbreak 
was localized to one segment of the population, and only sporadic infections oc- 
curred in the remainder. There was a direct but not complete relationship 
between low antibody titers of the initial sera and subsequent large increases' 
in titer to influenza virus B. Also, the initial sera from those individuals who 
subsequently developed a febrile respiratory illness tended to have lower titers 
than did the sera from individuals who had either an afebrile respiratory illness 
or no recognized illness. 

The localized nature of the outbreak seems to have been characteristic of the 
manner in which influenza B occurred in other parts of the country during the 
period of several months preceding the widespread epidemic of influenza B in 
the fall and winter of 1945. The fact that influenza A also occurred in a 
similar manner during a period of several months preceding the 1943 epidemic 
suggests that the sporadic or localized occurrence of influenza may indicate the 
imminence of an epidemic. Furthermore, the correlations between initial anti- 
body titers and the subsequent development of serologic or clinical evidence of 
infection indicated that these immunologic aspects of influenza B are similar to 
those of influenza A. 


EVALUATION OF THE TREATMENT OF PRIMARY 
PNEUMO CO CCIC PNEUMONIA 


Robert T. Thompson, M.D. (By Invitation), and 
M. A. Blankenhorn, M.D., Cincinnati, Ohio 


The degree to which penicillin should supplement sulfonamide drugs in 
the treatment of pneumococeie pneumonia is a question at the present time. 
Rather diverse results have been reported from various clinics so that evaluation 
°f results is difficult. One reputable 1945 publication gives two consecutive 
abstracts on the treatment of pneumocoecic pneumonia in which fatality rates 
are 18.5 and 1.1 per cent, respectively. The treatment of 1S9 cases of primary 
pneumocoecic pneumonia is evaluated here in an effort to resolve apparent dis- 
crepancies in the comparison of other reports. 

All of these patients were treated with sulfamerazdne. A few received anti- 
pneumoeoccic serum, and a few of the later patients were given penicillin after 
complication developed. 

Of the 189 patients treated twenty-six died. Of the 122 patients over 40 
years of age twenty-four died. Of twenty-eight patients with bacteremia 
onrteen died. Type VII pneumocoecic pneumonia occurred in thirty-five 
Pa lents, and eight of these died. Of eight patients who had type VII pneumo- 
coccus bacteremia seven died. 


tv , El 4 c . vatl0n of the blood urea nitrogen above 40 mg. per cent was found in 
inv. three of tllc 1S9 Patients treated. Of these thirty-three patients fourteen 
recovered and nineteen died. 

Nineteen of the twenty-six fatal cases had azotemia prior to death In 
mmem of these it was as great, or greater, before sulfamerazine was started 

hwren^T ^ subscq . uc f t,me - Thrce others had azotemia before treatment which 
^reused progressively until death. Another had mild azotemia while in shock 
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prior to death, and the last had a necrotizing angiitis due to sulfonamide hyper- 
sensitivity which involved the kidneys, heart, liver, and spleen. 

Eleven of the sixteen autopsied cases showed pathologic abnormality oi the 
kidneys. One had hypersensitivity angiitis of kidneys, two had toxic nephrosis, 
and eight had chronic disease of the kidneys. 

Review of the fatal eases showed that shock, cardiac arrhythmia, and pul- 
monary edema jvere notable in the death of pneumococcic pneumonia patients, 
Every one of the sixteen autopsied cases showed pathologic abnormality of the 
heart; in one there was thrombotic nonbaetcrial endocarditis; in four there were 
changes of an acute toxic nature; and in eleven there were chronic or degenera- 
tive changes. 

Seven patients who died were treated less than twenty-four hours. 

It is concluded that delay in treatment and aggravation of latent disorder 
often defeat specific treatment for pneumococcic pneumonia. 

DISCUSSION 

Dr. A. E. Feller, Cleveland, Ohio.— It has been shown that pneumococcic pneumonia 
can bo prevented, but the statement has been made that we now have such good results wi > 
sulfonamides and penicillin that it is not wortli while to i minimi 7.0 people against this type 0 
pneumonia. It is truo that pneumococcic pneumonia docs not hnvo a high death rate or 
high incidenco rate in certain age groups, but it seems to me that it would still he worth wme 
to immunize against it because in many circumstances people still die from pneumococcic pneu- 
monia as this study so clearly emphasizes. 

A STUDY OF THE ACTION OP BETA-DIMETHYL AMINOETHYL 
BENZHYDRYL ETHER HYDROCHLORIDE (BENADRYL) 

IN THE SKIN OP HUMAN BEINGS 

Milo D. Leavitt, Jr., M.D. (By Invitation), and Charles P. Code, M.D-, 

Rochester, Minn. 

A study has been made of the mode of action, in the skin, of beta-dimethyl- 
aminoethyl benzhydryl ether hydrochloride (benadryl), a new synthetic anti- 
histamine compound. The experiments were performed on the skin of thirty- 
three healthy, nonallergic persons; the size of histamine flares resulting from the 
standard intraeutaneous injection of 1 microgram of histamine base was utilized 
as an indicator of the effectiveness of benadryl as an antihistamine agent, h 1-oW 
photographic records made during each procedure, the areas of flares were ac- 
curately determined by the use of a planimeter. 

Control studies performed on each person revealed that maximal flaring 
caused by histamine injected into skin infiltrated with isotonic solution of 
sodium chloride occurred during the first fifteen minutes in 90 to 95 per cent of 
the persons. During this time interval the maximal size of the flare in fort} 
experiments varied from 16.1 to 24.7 square centimeters. 

Histamine flares superimposed on skin infiltrated with benadryl diluted 
1 :1,000 were reduced 61.6 per cent in size, as compared with control flares. The 
intravenous administration of 150 mg. of benadryl to ten persons resulted in D 
51.7 per ciint reduction in size of the flare. The oral administration of 150 mg 
of benadryl reduced the size of the flare only 33 per cent. 
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Benadryl was found to produce local anesthesia when it was injected into 
skin. Bio-assay, by means of electric algesimetric determinations, showed that 
benadryl in dilutions of 1 :500, 1 :1,000, 1 :5,0Q0, 1 :10,000, and 1 :20,000 possesses 
anesthetic potency similar to that of dilutions of procaine hydrochloride of 
0.5, 0.25, 0.125, 0.0625, and 0.03125 per cent, respectively. Equivalent anesthetic 
doses of benadryl and procaine hydrochloride exerted definite, hut not equal, 
antihistamine action. Procaine hydrochloride in dilutions of 0.0625 and 0.03125 
per cent reduced the size of flares only 23.6 and 23.3 per cent, respectively, 
whereas benadryl of equal anesthetic potency, 1 :10,000 and 1 :20,000, caused an 
80 per cent reduction in the size of histamine flares. 

It was found that the pronounced antihistamine activity of benadryl is not 
dependent on its anesthetic potency. This was demonstrated in experiments in 
which injections of histamine were delayed until the anesthetic effects of 
benadryl and procaine hydrochloride had subsided. Flares developing in sites 
in which procaine hydrochloride was no longer exerting its anesthetic effect 
closely approximated the size of control flares. Benadryl, however, in all dilutions 
reduced the size of flares from 86 to 91 per cent, despite the disappearance of its 
anesthetic effect. 

discussion 

Question. — Have you had any experience with pyribenzamine? 

Dr. Leavitt. — Our preliminary experience would lead us to believe its local skin effects 
are very similar. 

Dr. Code. — Unfortunately, even though benadryl is so potent a local anesthetic, it has 
irritant qualities. Other local anesthetic agents may possess antihistamine properties. State 
imd Wangensteen used procaine in the treatment of delayed serum sickness (J. A. Jf. A. 130: 
990-995, April, X9id). It is to be hoped that continued work with these and other anti- 
histamine drugs will aid in solving some of the perplexing problems pertaining to histamine 
metabolism. 


the occurrence of combined system disease in persons 

WITH PERNICIOUS ANEMIA DURING TREATMENT WITH THE 
LACTOBACILLUS CASEI FACTOR (FOLIC ACID) 

C. F. Filter, M.D. (By Invitation), Cincinnati, Ohio, R. W. Filter, M.D., 
Cincinnati, Ohio, and T. D. Spies, M.D., Birmingham, Ala. 


Remissions in the macroeytic anemia of pernicious anemia, sprue, and 
Pregnancy have been produced repeatedly with the Lactobacillus casei factor. 
This study was undertaken in November, 1945, to answer the following ques- 
tions: (1) Will L. casei factor control the anemia of pernicious anemia and 
sprue for long periods of time as successfully as liver extract" (2) Will L. casci 
actor therapy prevent the development of the neurologic manifestations of 
pernicious anemia or control them after they have appeared? This paper 
presents a progress report at the end of the first year of the study. 

The twenty-six subjects of the investigation were patients from the medical 
'rnrds and dispensary of the Cincinnati General Hospital, twenty-one of whom 
. . Pernicious anemia which had been controlled for two to seventeen vears bv 
mjcetmns of liver extract. Three had pernicious anemia in relapse, and' two had 
' P e wlnch },nd bpen P°°rly controlled by liver extract. Each of these subjects 
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■was given subsequently. Furthermore, in contrast to the finding in normal man, 
administration of heptaglutamate to the three patients studied caused little or 
no augmentation of the urinary elimination of folic acid. Bethell and associates 
have independently observed the ineffectiveness of heptaglutamate in several 
patients with pernicious anemia. 

Although these findings may offer a basis for the apparent folic acid 
deficiency of pernicious anemia, a conclusion that the utilization of hepta- 
glutamate is due to a direct action of the antipemieious anemia factor is at 
present unjustified. Augmentation of the conjugase activity of human bone 
marrow in vitro has appeared to result from the addition of highly purified liver 
extract, but the results are obtained inconsistently and are of uncertain 
significance. Conceivably, liver extracts contain a factor necessary for the 
proper functioning of a conjugase system or a substance concerned with the re- 
moval of an inhibitor of a conjugase system. However, the ineffective utilization 
of the naturally occurring conjugate by patients with pernicious anemia may 
be secondary to a more deep-seated biochemical derangement. 

In favor of this view is the observation that the activity, in patients with 
pernicious anemia of those conjugase systems studied, is not significantly less 
than that of normal subjects. Also, the striking effectiveness of purified liver 
extract in one patient in whom folic acid was almost ineffective, in intramuscular 
doses up to 12 mg. daily, suggests that the faetor(s) of purified liver extracts, 
although apparently concerned in some way with the release of folic acid from 
its conjugate, in addition has other functions. 

FURTHER STUDIES ON THE UTILIZATION OF PTEROYL HEXA- 
GLUTAMYL GLUTAMIC ACID (VITAMIN B c CONJUGATE) 

IN PERNICIOUS ANEMIA 

Frank H. Bethell, M.D., Ann Arbor, Mich., Marion E. Swexdsetd, Ph.D. 
(By Invitation), Orson D. Bird, Ph.D. (By Invitation), and Raymond A. 

Brown, Ph.D. (By Invitation), Detroit, Mich., Muriel C. M eyers, 
M.D., and Gould A. Andrews, M.D., Ann Arbor, Mich. 

The effectiveness of pteroylglutamic acid* (P. G. A.) in the treatment of 
certain macrocytic anemias raises the question of the cause of a deficiency of 
this substance in such anemias. Although widely distributed in common foods, 
this component of the vitamin B complex is usually present as a conjugate, 
Pterovl hexaglutamyl glutamic acid. Consequently an apparent deficiency of 
F. G. A. in persons whose diets have not been grossly inadequate suggests a 
metabolic defect in the utilization of the natural material. Evidence has been 
obtained of such a defect by observations of hematologic responses and by 
determinations of the urinary excretion of P. G. A. in patients with anemia 
Mter the oral administration of the vitamin in the conjugated and in the free 
form. In this communication the results of earlier studies as well as additional 
investigations on this problem will be reported. 

The hexaglutamyl conjugate was given orally in the form of a yeast con- 
centrat e to fourteen patients and to six healthy subjects. There were nine 

'•liming £ name ot lh0 \ !tamin Tvhlch h3s ro-'erreu to as folic acid. 
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patients with pernicious anemia in relapse, three with pernicious anemia in liver 
extract induced remission, and two with macrocytic anemia following total or 
subtotal gastrectomy. Doses of conjugate supplying the equivalent of 4 to 5 mg. 
of crystalline P. G. A. daily were without effect on the erythrocytes, reticulocytes, 
hemoglobin, or hematocrit values of any of the patients with anemia. The 
administration of equal amounts of the vitamin in the free form (Folvite*) was 
followed in all instances by significant hematologic increases, usually approxi- 
mating the expected results from adequate oral liver extract or stomach therapy. 

The P. G. A. content of the urine was determined by microbiologic assay. 
No evidence for the excretion of the vitamin as conjugate was obtained in any 
of the experiments. The excretion of the vitamin while the subjects received 
unsupplementcd diets was generally’’ lower in the case of the patients with macro- 
cytic anemia than in the case of the normal persons. 

After the administration of the vitamin conjugate the patients with macro- 
cytic anemia showed no significant increase in excretion of P. G. A., with the 
exception of one subject who excreted slightly greater amounts, whereas the 
normal individuals excreted relatively large quantities. After the administration 
of free vitamin the patients excreted variable amounts, ■whereas the values for 
the normal subjects were considerably higher and more constant. 

Administration of conjugate to three patients with pernicious anemia who 
had been receiving parenteral liver extract for a number of years and whose 
blood values were within normal limits was followed by excretion of the free 
vitamin in amounts comparable to those excreted by normal persons. 

It is believed that these results demonstrate that the normal person can con- 
vert the vitamin conjugate to the free form and that in untreated pernicious 


anemia this ability may be either greatly reduced or entirely lacking. 

It seems probable that for P. G. A. to participate in hematopoiesis (megalo- 
blastic maturation) the vitamin must be present in the free state. 

The difference in excretion levels of the vitamin after administration of the 


conjugate, between patients in relapse and those in liver extract-induced re- 
mission, suggests that the principle of liver active in pernicious anemia may be 


concerned with the conversion of the conjugated vitamin to the free form. 


DISCUSSION 

Dr. Byron E. Hall, Rochester, Minn. — During tho past year observations similar^ 
those just reported by Dr. Vilter and his associates have been made at the Mayo Clinic; 
namely, that administration of synthetic folic acid neither protects the patient with pernicious 
anemia from neurologic manifestations nor relieves him of them once they have developed. 
In our series of fourteen patients with pernicious anemia who were treated for many months s 
administration of synthetic folic acid, ten instances of peripheral neuropathy as manifested by 
paresthesia and two of early subacute combined degeneration of tho spinal cord were observed 
before institution of treatment. Of the ten instances of paresthesia improvement occurred 
in four, temporary improvement followed by relapse occurred in four, and no improvement 
was observed in two. In the two instances of subacute combined degeneration of tho spinal 
cord which were observed before institution of treatment, evidence of progression of the 
neurologic manifestations of the disease was noted during administration of synthetic folic 
acid. In the cases in which symptoms or signs of neurologic involvement did not exist prior 
to the institution of treatment with folic acid, two instances of paresthesia and three of early 

•Lederle Laboratories, Inc., Pearl River, N. Y. 
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signs of combined sclerosis occurred, while treatment was being given. Neurologic manifesta- 
tions developed in. some cases despite induction of satisfactory hematologic remissions. 

Another observation has been that of the wide variation in rapidity of hematologic re 
sponse of patients with pernicious anemia in relapse who were treated with synthetic folic 
acid. While an occasional patient responds as rapidly to treatment with folic acid as to treat- 
ment with liver, the majority respond hematologically more slowly to treatment with folic 
acid. The response of three of fourteen patients treated with folic acid was very slow and 
hematologic remissions could not be induced despite administration of fairly large doses of 
the preparation; however, satisfactory hematologic remissions were induced in all three patients 
by means of intensive treatment, with liver. 

The appearance of sternal marrow obtained by serial aspiration in our group of cases 
has indicated that synthetic folic acid rapidly converts erythropoiesis from a megaloblastic 
to a normoblastic type. While the effect of this agent on the bone marrow and blood of 
patients with pernicious anemia in relapse is of great interest, it is obvious that the substitu- 
tion of synthetic folic acid for liver in treatment of pernicious anemia is extremely hazardous 
in view of the demonstration that administration of folic acid does not prevent development of 
neurologic manifestations of the disease. 


Dr. Walter L. Palmer, Chicago, III. — The first two papers and the discussion by 
Dr. Hall all suggest that folic acid is not a complete substitute for liver extract. It may 
well be that this is true, but we should he very careful in arriving at this conclusion. I am 
reminded of the experience we all have had with liver through the years. At first we thought 
it was not satisfactory in all cases; then we thought the crude form was better than the 
refined ; and'finally we decided that refined liver extract was a complete substitute for whole 
liver and for the crude extract as well. The problem seemed to resolve itself into (1) the 
method of administration and (2) the dosage. In the first paper the route of administration 
of the folic acid was oral. We all know that the oral method of administration of liver 
extract is very unsatisfactory in many instances and that there are some patients who cannot 
ho maintained with normal blood pictures in this manner. With regard to dosage, apparently 
tho largest amount of folic acid given intramuscularly was 12 milligrams. This may not be 
enough. Would it not be worth while to tTy 50 mg. peT day intramuscularly? 

Da. Cecil J. Watson, Minneapolis, Minn. — I want to ask whether in the nrinaiy 
excretion studies the results were based on bio-assay technique and whether any studies on 
conjugated or free folic acid have been made on the feces of these patients. 

_ ® p -- Howard L. Alt, Chicago, 111. — I would like to ask about the diet these patients 
received who had relapses of cord disease on folic add treatment. 


Dr. M. W, Comfort, Rochester, Minn. — It might be worth while at this time to mention 
t io disappointing results obtained so far in the treatment of non tropical sprue with synthetic 
o ic acid. This is in contrast to the excellent response of tropical sprue to treatment with 
io same preparation. My colleagues and I have treated a number of patients who have non- 
ropical sprue with adequate doses of synthetic folic acid for several months. Four patients 
received 50 to 200 mg. of folic acid a day intramuscularly, and the results to date are as 
o ows; Diarrhea has not been significantly affected and relapses have continued to occur 
Wl ' n ^ out same degree of frequency. In one patient in whom megaloblastic bone marrow 
'ms present the bone marrow changed rapidly to a normoblastic type. In all four patients 
io reticulocytes havo responded slightly, but so far the percentage has not exceeded 4. In 
nono o these patients has the size of the erythrocytes been reduced or has the anemia im- 
'ionnf n ” hffnctor - v de S TCC - 0n <> P^'cnt is dead apparently as the result of an exacerba- 
folir aad hvo are in exceedingly serious condition. Of the patients given 

to tt.„ Jf . ® outh > ctan S cs have not been seen in their condition that could not be ascribed 
m ° C “ atl0ns m thc severity of the disease. These disappointing results suggest that 


Dr. R. IV. Filter, Cincinnati, Ohio. 
""" paper for presentation I went back 
rttrnct j n this 5nn)c of 


—Regarding Dr. Palmer’s comments, in working up 
over the experiences from 3929 to 2935 with live- 
There was considerable divergence of opinion, as 
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Dr. Palmer indicated, as to the Directiveness of liver extract in combined system disease 
of pernicious anemia. From tlio literature I was unnble to tell wliy there was this divergence 
of opinion becauso most of the liver extract was given intramuscularly in adequate doses, so 
I could not como up with any analogy between their experience at that time and our experi- 
ence now with folic acid. Generally speaking folic acid given by mouth is almost as effec- 
tively absorbed and utilized as folic acid given intramuscularly. Tho average effective dose is 
usually' 2 to 5 mg. by' the parenteral route or 20 to 15 mg. by oral route. In contrast, liver 
extract is poorly absorbed and utilized by the oral route, the effective oral dose being many 
hundred times the intramuscular dose. Tho interesting thing regarding tlio diets of the 
patients who relapsed is that patients whom wo knew were on deficient diets did not derelop 
neurologic symptoms, whereas patients in the private group who were referred because of 
sensitivity to liver developed neurologic manifestations. Tho diets of the patients in the 
privato group were much better than those of tho patients from the dispensary. I do not 
believe that diet had much to do with these relapses. 

As to Dr. Comfort’s comments, I have a feeling that nontropicnl sprue is a group of 
diseases having poor intestinal absorption and steatorrhea as a common denominator rather 
than a singlo disease. Folic acid will not benefit patients who appear to have sprue but in 
reality have some other disease, for insfanco lipophagic granulomatosis. Tho two patients 
I mentioned wero from Cincinnati and would be classified as nontropicnl sprue; they both 
fared better on folic acid than they bad in five years on liver extract. 

Da. RoBEitT W, Heiki.e, Cleveland, Ohio. — We have forty patients with pernicious 
anemia who have been under treatment with folic acid for from seven to nine months. They 
had received liver extract for many months or years before folic acid was given. In the 
short period they have been on folic acid, none of them has shown neurologic relapse. I do 
not want you to think that I am ovcronthusinstic about this drug. I do not think it has 
been proved to be as good as liver extract, but I do agree with Dr. Palmer that wo have not 
tested it out thoroughly, particularly as to the route of administration nnd the dosage. 

Dr. Palmer criticized tho caso of the one patient to whom wo gave 12 mg. daily'. lib 
is a valid criticism, but that patient had bcea on nn experimental regimen for fifty-two days 
without benefit. Other patients on that dose had received more benefit. Whether this one 
patient would have received more benefit if the folic acid bad been given in larger doses 1 do 
not know. 

The method of assaying conjugated folic acid in the urine is the standard method utilizing 
Lactobacillus effsei. We have attempted to make these same studies on fc, os. This is di®- 
cult becauso of the high bacterial content. Wc are working on that problem at present and 
our preliminary study would indicate that very little folic acid is present in the stool. 

With reference to Dr. Comfort's remarks about nontropical sprue, I have had a 
limited experience. Tremendous doses of liver seem to be necessary- to obtain satisfactory 
results in many cases. Intravenous administration of crude liver extract has been rcconi- 
mended. The feeling has been that intravenous doses of crude liver extract in large amounls 
may bo better than the administration of purified liver extract. 

There is one thing I would like to say about the clinical use of folic acid. The dose 
schedule recommended by the manufacturer is too low. They recommend daily doses of 5 
to 20 mg. or intramuscular doses of 15 mg. daily. It is possible that some patients can be 
brought into remission on that dose, but it is more likely that a great many- will need larger 
doses than this, and I do not think wo should pay too much attention to the recommended 
schedule. It should bo noted that the manufacturers of folic acid suggest that better results 
may bo obtained by the simultaneous administration of folic acid and liver extract than with 
folic acid alone. 

RUTIN IN PURPURA 

p. W. Madison, M.D., and H. W. Pohle, M.D. (By Invitation), 
Milwaukee, Wis. 

It is probable that one of the etiologie mechanisms capable of producing 
the vascular fragility characteristic of purpura is of deficiency type. For many 
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years avitaminosis C 'was considered to be of major importance, but recent 
studies have suggested that it is much less frequently a factor than was previ- 
ously supposed. In 1936 Szent-Gyorgi observed that citrin derived from paprika 
or lemon was capable of reversing experimentally produced vascular fragility. 
He designated it as vitamin P and suggested that deficiency of that substance 
was responsible for purpuric changes in some instances. Two crystalline fiavone 
glucosides derived from citrin, liesperidin, and eriodyctol have failed to produce 
the same effect noted in the use of citrin. Recently a flavonol glucoside, rutin, 
closely related to hesperidin, has been used in a similar manner and has seemed 
to be more effective than either of the fiavone glucosides. It has been used in ■ 
173 reported cases of purpura with reversal of fragility in 152 cases (88 per 
cent). 

Our clinical experience with rutin has been limited by the supply available, 
but the results thus far ,have been of such nature as to suggest that it does exert 
a favorable influence on vascular fragility in some types of purpura. Its effect 
has been studied in fourteen cases of clinical purpura, six of which were of 
probable allergic origin, two toxic, one endocrine, one associated with hyper- 
tension and retinal hemorrhages, and four associated with advanced malig- 
nant disease. The most striking results were obtained in the last group where 
cessation of the drug resulted in relapse and resumption in remission. Less 
convincing results were seen in the allergic group and questionable results 
in the remaining groups. 


'J- 


THE EFFECT OF TOTAL BODY X-IRRADIATION ON A PRE- 
EXISTING INDUCED ANEMIA 

Leon 0. Jacobson, M.D., Edna K. ^Iarks (By Invitation), and 
Eric L. Simmons, Ph.D. (By Invitation) , Chicago, III. 

One of the problems facing those of us charged with the responsibility of 
the protection of personnel from radiation hazards on the plutonium project was 
whether individuals with a pre-existing anemia would be more adversely affected 
by externally originating total body irradiation than individuals with normal 
values. In an attempt to study this problem, a regenerative anemia was pro- 
duced in rabbits by the subcutaneous administration of phenylhydrazim 
chloride. The hematologic effects of 800 r. total body x-irradiation < i: sei-l: 
anemic animals were compared to effects on animals given only phenylhydni/n.i 
and allowed to recover spontaneously and to a group of animals given SfU* i. 
a one. A group of normal untreated animals was studied simultaneously. 

The characteristic initial rise and subsequent reduction in heterophils 
and immediate precipitous fall in the lymphocyte values followed the adininis- 
vation of 800 r. in the group in which a regenerative anemia had been produced 
viti phcnylhydrazine as well as in normal control animals. The time of re- 
co\ery of those elements to normal limits in the two groups was likewise com- 
abortive rise” in the leucocyte values of both of these groups was 
° cc between the fifth and eleventh days after the irradiation. 

lie group of animals which received x-irradiation alone developed an 
d n?. mia m? 1 * 1 raax bnnm at fourteen days and with recovery by twentv-three 
• . s. The animals in which a regenerative anemia was produced by phenyl- 
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hydrazine and which were irradiated at or near the point of maximum anemia 
developed no further anemia, values returning to normal limits by twenty-three 
days. The erythrocyte and hemoglobin values of the group in which an anemia 
was produced by phenylhydrazine and which were allowed to recover spon- 
taneously, however, returned to normal within fourteen days. 

The reticulocyte values of animals which received phenylhydrazine had 
reached approximately 21 per cent when the x-irradiation was given and were 
reduced to a minimum value of 1.0 per cent within two days after the irradia- 
tion. Recovery to normal limits occurred by nine days in this group. The 
reticulocyte values of normal control animals which were given 800 r. fell 
maximally within two days, reached a minimum of less than 0.1 per cent, and 
recovered slowly but completely by twenty-three days. 

The failure of 800 r. total body x-irradiation to produce further anemia m 
animals with a previously induced regenerative anemia or to materially interfere 
with recovery is dependent in part on the number of surviving erythroblasts 
in the erythropoietic tissue. 

Histologic studies made on animals prepared in a comparable manner and 
sacrificed at varying appropriate intervals indicate that erythropoietic tissue 
was completely destroyed by seventy-tw T o hours in the normal rabbits which 
received 800 r. and recovery proceeded slowly. On the other hand, although 
massive destruction of erythropoietic tissue occurred after exposure to S00 r. 
in animals in whom a regenerative anemia had been produced with phenyl- 
hydrazine, this destruction -was delayed beyond seventy-two hours. This appears 
to indicate that a latency to x-ray effect was produced in erythropoietic tissue 
which had previously been stimulated. 

ON THE RELATION OP CALCIUM TO THE ACTIVATION OF 
PROTHROMBIN AND ITS SIGNIFICANCE IN 
DICUMAROL POISONING 

Armand J. Quick, M.D., Milwaukee, Wis. 

The role of calcium in the coagulation mechanism has not been satis- 
factorily defined, and the generally accepted concept that prothrombin is 
activated by thromboplastin in the presence of ionic calcium has failed to 
advance knowledge concerning the chemical action of calcium in its participation 
in coagulation. The recent finding (Steinberg) that a phenol-formaldehyde 
resin known commercially as Amberlite can quantitatively remove calcium 
from blood, without producing any other demonstrable change, offers a » ew 
means for studying quantitatively the calcium requirement for coagulation 
and specifically for the activation of prothrombin. 

It was found that a fixed amount of calcium is required for the optimum 
activation of prothrombin, that is, for the shortest prothrombin time. For 
human plasma it is approximately 0.0012 M. and for dog blood 0.0004 Hf- 
Higher concentrations have no further effect except that a depressive action 
begins when the calcium ion concentration exceeds 0.02 M. Below the 
optimum or critical concentration of calcium, the prothrombin time becomes 
progressively delayed. Since this critical level is below the concentration of the 
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free or ionized calcium, it appears that ionized calcium is not involved in coagula- 
tion. One can conjecture that plasma contains a calcium cofactor vrhich with 
thromboplastin and calcium becomes the activator of prothrombin. Evidence 
was obtained that this eofactor is not directly dependent upon either component 
A or B of prothrombin. 

When Dieumaroi was fed to dogs, the minimum or critical concentration of 
calcium required for optimum activation of prothrombin increased as the 
prothrombin (or more accurately component B) decreased. When the pro- 
thrombin time became twenty seconds, the normal concentration of the calcium 
of the blood was no longer sufficient for optimum prothrombin activity. This 
suggests that the delayed coagulation in dieumaroi poisoning may not be solely 
the resultant of prothrombin depletion but may be influenced by an inadequate 
concentration of calcium. On the basis of these results, the unreliability of the 
bedside method for the determination of prothrombin becomes obvious, since 
in this test thromboplastin without additional calcium is added directly to 
blood. 


DISCUSSION 

Dp.. Charles F. Code, Rochester, Minn . — I should like to ash if Dr. Quick has tested 
the effect of changes in the concentration, of prothrombin upon the optimum calcium concen- 
tration in an artificial setup using purified constituents in which the prothrombin concentra- 
tion might be varied at will. I wonder if a shift in the amount of prothrombin alone would 
V alter the optimum calcium conceutration. 

Dk, Kenneth M. Bbinkhous, Iowa City, Iowa. — Since amberlite is very effective in 
'/ removing electrolytes, I wonder if yon have data on the concentration of other plasma electro- 
htes in the amberlite-treated plasma. This factor might have had an effect on some of these 
results, as electrolyte concentration is known to influence considerably the rates of several of 
the clotting reactions. 

^ Da. Quick. — I n regard to Dr. Code’s question about an artificial setup, we have had 

no experience. This work is still preliminary and we need to do much more on it. Probably 
we can set np certain experiments to get further information. 

In answer to Dr. Brinkhous ’ remarks, we use amberlite treated with saline and so far as 
wo know the action is primarily an exchange one, an atom of sodium for one of calcium. It 
gives off one atom of sodium and takes up one of calcium. There may be other changes, and 
Pmbably the action is not as simple as that, bnt in our work we found no evidence of action 
1 ^ other than the one of exchange. 




MORPHOLOGY OP BONE MARROW 

Imprint and Histologic Preparation of Aspirated Sternal Marrow Units 
Schleicher (By Invitation), and E. A. Sharp, M.D., Detroit, Mich. 

It has been established that direct and indirect (heparinized and centri- 
u £«l) bone marrow spreads and differential counts made within a measured 
^ea offer a means of distinguishing morphologic differences as well as quantita- 
tive relationships. 

At the same time these methods fail in two important features, namely (1) 
ie preservation of cellular cyncytia which permit a study of marrow’ cell 
» «c!opmem and (2) maintaining intact the histologic pattern of sternal marrow 
, Thcso latter configurations arc essential in the diagnosis of eariv in- 
ions or malignant processes of this hemopoietic organ. 
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It is the purpose of this paper to present representative examples of "im- 
print” and intact “histologic” preparations of sternal marrow in black and 
white and kodachromc, showing the methods of preparation and the normal 
compared with the pathologic morphology. It will be demonstrated that matura- 
tion arrest in pernicious anemia docs not occur at the megaloblastic (pronormo- 
blastic) stage but rather that the reticulum is pathologically activated. Meta- 
static carcinoma, tuberculosis, and various patterns in blood disorders will be 
presented. 

THE EFFECT OF RADIATION THERAPY ON THE NOCTURNAL 
GASTRIC SECRETION IN PATIENTS WITH DUODENAL ULCER 

Erwin Levin, M.D. (By Invitation), Walter Lincoln Palmer, M.D., 
and Joseph B. Kirsner, M.D., Chicago, III. 

The fasting nocturnal gastric secretion was studied in twenty-eight patients 
with active uncomplicated duodenal ulcer. The twelve-hour volume ranged 
from 550 to 1,750 c.e. with an average of 1,110 cubic centimeters. The free 
acidity varied from 18 to 122 clinical units, the average being 62. The night 
secretion was studied in nine of these patients during the period they received 
x-ray therapy directed at the fundus and body of the stomach. A reduction 
in volume ranging from 6.3 to 51.6 per cent was obtained in seven patients 
during the first week of therapy. In two patients an increase in volume was 
noted. A induction in free acidity was observed in seven patients. Nocturnal 
gastric secretion was studied in fifteen patients of the group at varying intervals 
after therapy. A decrease in volume occurred in fourteen patients, the average 
reduction being 52.1 per cent. In one patient the volume was increased but the 
free acidity disappeared. There was a marked reduction in the free acidity of 
the nocturnal secretion in all patients, the reduction amounting in thirteen of the 
fifteen to anacidity. A comparable reduction was observed in the gastric secre- 
tory response to histamine. These studies indicate that radiation therapy de- 
creases the gastric secretion as measured in the fasting state and by the response 
to histamine. The duration of the effect is variable. 

DISCUSSION 

Dr. Leon Schifp, Cincinnati, Ohio. — I would liko to ask how your results in the re<3u c 
tiou of volume and acidity of gastric contents compare with those seen following bilftte* a 
vagotomy. 

Dr. Moses Barron, Minneapolis, Minn.— I would like to ask if any other method than 
x-ray was used. 

Dr. George Wakerlin, Chicago, HI. — Were pepsin studies made on these patients nn( b 
if so, what were the results? 

Dr. Levin. — In answer to Dr. Schiff’s question regarding the reduction of gastric 
secretion following x-ray therapy compared to the reduction following vagotomy, of course the 
effect of x-ray therapy is not permanent. Some patients, I have been told, have liad a 
reduced gastric content for two or three years. It is still too soon to predict what the results 
of vagotomy will be. I had the opportunity to study ono patient who had had vagotomy three 
years previously. His volume, free acid, and night secretion are still reduced, and there 18 
no free acid in the night secretion. 
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As to the medical management, all of these patients were on Sippj management. "While 
the studies were being carried on, no patient received any drug that would depress gastric 
secretion. 

Pepsin studies are now being carried out in. an effort to determine if that is reduced 
by x-ray therapy. I am told that there is some reduction in peptic activity. 

THE MEASUREMENT OF HUMAN GASTRIC FUNCTION 

Arthur 31. Schoen, M.D. (By Invitation), and P. K. Knoefel, M.D., 

Louisville, Ky. 

Past studies of human gastric function have been concerned largely with the 
aspiration of gastric contents and the measurement of volume and composition. 
The actual rate and nature of the secretion cannot he determined from these two 
observations alone, since gastric emptying occurs. Because of this, others have 
injected foreign substances into the stomach, such as readily determinable 
dyes, and have determined more accurately the composition of gastric juice hut 
not the rate of secretion. It is possible to determine the secretory rate and 
emptying rate if a volume of isotonic NaCl solution (V 0 ) containing phenol 
red (W 0 ) is injected into the empty stomach and the residual contents of the 
stomach (V t ) containing phenol red (W t ) are aspirated at time (t). Then the 
volume secreted (S) in time (t) is 

S _ (V 0 - V.) | [Log (|l) * Log (-£-)]- 1 } 

and the volume emptied (E) is 

E = S — Vt + V 0 . 

The necessary assumptions are: (1) No gastric absorption of water or 
phenol red occurs, (2) no saliva or duodenal contents enter the stomach, (3) 
there is uniform distribution of phenol red throughout gastric contents during 
time (t), (4) secretion and emptying occur at constant rates throughout time 
(U» and (5) gastric contents are completely aspirated at time (t). A satisfac- 
tory technique for obtaining gastric juice was developed. This includes prepara- 
tion of patient for basal conditions, selection and preparation of gastric tube, 
insertion of tube and determination of location by fluoroscopy, and procedure for 
complete aspiration. Evidence for the correctness of these assumptions and the 
validity of the method has been obtained. 

. From the previously mentioned data and the measured pH and peptic 
activity of gastric contents, the pH and peptic activity of gastric juice as secreted 
can be calculated. The resting rate of gastric secretion seen in forty observations 
m twelve normal persons was 2.09 c.c. per minute, standard deviation 0.96. In 
one person the daily average basal secretory rate on five days varied from 2.07 
- 0 4 -33 c.c. per minute. The average deviation in consecutive observations in the 

‘ same person was 12.4 per cent. The average hydrogen ion concentration of the 
secretion was pH 1.51 in twenty-six observations. Studies have been made in 
P* mnts with peptic ulcer during remissions and exacerbations and in a variety 
conditions ns aplastic anemia, cholecystitis, pancreatitis, and neurosis. The 
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responses of normal persons and patients with ulcers to sham feeding, antacids, 
alcohol, caffeine, histamine, atropine, and insulin have been studied before and 
after vagotomy. 

DISCUSSION 

Dr. Walter L. Palmer, Chicago, 111. — Dr. Schoen and Dr. Knoefcl havo certainly made 
gastric analysis scientific. The fallacies of tho older methods have been recognized and 
apparently corrected in this excellent contribution. I wonder if tho essayist can answer 
the question of whether thero is ft higher level of gastric secretion in a patient with duodenal 
ulcers than in a normal individual. 

Dr. Sciioen. — Wo havo mado 101 of theso tests. Wo hesitato to do tho work on people 
who havo active duodenal ulcers. We havo done some on such patients and those tests have 
shown definitely that with healing of the ulcer thero is a decrease in the rate of gastric 
secretion. 

THE EFFECT OF ENTEROGASTRONE ON FASTING GASTRIC 
SECRETION AND MOTILITY IN PATIENTS 
WITH DUODENAL ULCERS 

H. Marvin Pollard, M.D., Malcolm Block, M.D. (By Invitation), and 
W. H. Bachrach, M.D. (By Invitation), Ann Arbor, Mich. 

Enterogastrone has been reported to be effective in the prevention of 
jejunal ulcers in Mann-Williamson dogs and the prevention of recurrence of 
peptic ulcer in human beings. The possible mechanisms of its effect are (1) 
an inhibition of secretion of hydrochloric acid, (2) an inhibition of motility, and 
(3) an increased resistance of the gastric and duodenal mucosa to ulceration. 
It has been reported that Mann-Williamson dogs treated for several months with 
enterogastrone do not exhibit the excessive gastric secretory response to alcohol 
characteristic of most untreated Mann-Williamson dogs; furthermore, uro- 
gastrone has been shown to inhibit the histamine-stimulated gastric secretion in 
normal human beings. Studies of the effect of enterogastrone on human motility 
have not been reported. 

Our preliminary findings on three patients with intractable duodenal ulcers 
treated for at least three months with enterogastrone orally show no consistent 
reduction in the fasting output of hydrochloride by the stomach. 

Simultaneous motility and secretion studies after a parenteral dose of 200 
mg. of enterogastrone show only a transitory inhibition of motility and secretion. 
The effect of large doses has not yet been worked out. 

The clinical course of the three treated patients has not been followed for a 
sufficient period of time to evaluate the therapeutic effects of the preparation. 

The studies are being continued. 

discussion 

Dr. Joseph B. Kirsner, Chicago, XU. — Wo have been interested in this problem of the 
effect of enterogastrone on gastric secretion in man. We have not had the oral preparation 
available. After studying a relatively large number of patients, using larger quantities of 
the parenteral preparation, we can confirm some of the, observations of Dr. Bachrach : that is, 
the effect of enterogastrone in large doses is rather variable and unpredictable. In certain 
cases there is a pronounced decrease in the volume and level of gastric acidity even to the 



347 


PROCEEDINGS OF NINETEENTH ANNUAL MEETING 

absence of hydrochloric acid in the gastric content. One of the interesting things is that 
this effect may not become apparent for twenty-four to thirty-six hours after the onset of 
treatment. In our studies the tube has been kept in place for several days. 

Another point I would like to make is that this effect of enterogastrone on gastric secre- 
tion is not a fixed one. In one patient with duodenal ulcers, during the course^ of the experi- 
ment an achlorhydria resulted, but during a disturbing psychiatric interview with the patient 
there was a marked rise in volume of secretion and in the level of hydrochloric acid. Later, 
after the interview bad ended and enterogastTone was continued, there was again a drop in 
the volume of gastric secretion. This observation illustrates what I am sure is now well 
known, namely, the effect of the emotions on gastric function. 

Dr. Bachrach mentioned an important point with regard to the local pain following the 
injection of this product. We have found this to be true, and on one occasion, after giving 
a large dose, the patient continued to be distressed ten days after the injection. 

Da. Bachbach. — W e had achlorhydria in two patients, but they both had gastric 
ulcers. They got well without the benefit of enterogastrone. 

EFFECTS OF ALLOXAN UPON THE HUMAN PANCREAS 

Jerome W. Conn, MX)., X). L. Hinerman, ILL. (By Invitation), and 
R. V. Buxton, M.D. (By Invitation) , Ann Arbor, Mich. 

' It has now been established that a single dose of alloxan, varying from 50 
to 400 mg. per kilogram, produces destructive changes in the pancreatic islets of 
. the dog, monkey, pigeon, duck, guinea pig, cat, and rat. When administered 
t in smaller daily doses a much larger total amount is required to produce evi- 

f dence of islet cell damage. An occasional animal is found to be refractory. 

The only reported observations of the effects of alloxan upon human islet 
/ tissue are by Brunschwig and associates (two eases) . No histologic changes in 

< the islet tissue were found (1) seven hours after a single injection of 600 mg. 

j per kilogram and (2) one month after a total of 3,150 mg. per kilogram given 

, irregularly over a fifty-day period. The impression has been gained, therefore, 

( human islet tissue is exceedingly vesistant to the damaging effects of alloxan. 

/ Our study was done on a patient harboring a secreting pancreatic insuloma. 

On each of nine consecutive days she was given alloxan intravenously in the 
following doses in milligrams per kilogram: 50, 50, 100, 100, 100, 100, 100, 
) i00, 100. Fifteen days after the last injection an islet cell tumor was removed 

surgically and a section of pancreas was obtained for study. 

( Microscopic examination of the tissue, stained differentially by several 

\, methods, shows no recognizable effect of alloxan upon the islet cells of the neo- 
plasm. However, clear evidence of marked destruction of the islets of the pan- 
■. crcas proper and of early repair are observed. The pathologic changes seen in 

\ ^ !CSC islets are typical of those which occur in alloxan-treated animals and 

resemble most closely those described by Baily and associates as occurring in 
rabbits given small daily injections for from seven to thirteen days. 

The metabolic studies complement the pathologic findings. In the 15-day 
Hdoryal after alloxan and before operation, the insuloma continued to secrete 
A uisulin as indicated by the continuation of an extremely low daily level of the 
fating blood sugar. In this same period, however, and despite the low fasting 
sugar, a marked decrease in carbohydrate tolerance was apparent. Upon 
/ removal of the tumor frank diabetes developed requiring large amounts of 
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insulin despite low carbohydrate intake. Insulin was discontinued on the forty- 
fifth postoperative day. To date (sixty-five days postoperative) carbohydrate 
tolerance has improved but mild diabetes persists. 

Conclusions . — 

1. In this study the sensitivity of human islet tissue to the destructive 
effects of alloxan approximates that observed in other species. 

2. Neoplastic islet tissue is much more resistant to alloxan than is normal 
islet tissue. 

3. In future attempts to use alloxan therapeutically these facts should he 
considered. 

DISCUSSION 

Dr. George Gomori, Cliicngo, 111. — I had a patient dying of carcinoma of the breast 
with metastases. She was given 500 mg. of alloxan per kilogram of body weight and die 
thirteen hours later. Autopsy showed no trace of change in the islands of Lnngerbans. 
wonder whether changes shown here cannot be duo to mnssivo intravenous infusions o 
glucose. I have seen a number of specimens from patients who had to bo treated with massive 
doses of glucose. In three or four of these cases the changes wero very much like the one* 
shown here, although the patients did not receive nlloxnn. Similar degenerative changes are 
occasionally seen also in animals treated with large doses of insulin. The changes presentee 
here also may be duo to massive amounts of insulin released by tho tumor. 

Dr. Conn. — This patient did not receive intravenous glucoso therapy in the preoperative 
period. In attempting to settlo the problem of whether hypcrinsulinism, per sc, may produce 
similar islet cell changes, wo are carrying out long-term experiments in dogs. Preliminary 
evidence indicates that normal dogs given sufficient protamino insulin daily to keep tho fasting 
blood sugar in the same range as this patient's had been show no islet cell changes similar 
to those seen in the patient following the course of alloxan. 


BOOK REVIEWS 


Medical Jurisprudence and Toxicology. Eighth edition. By John GJaister, J.P., D.Sc., M.D-, 
F.R.S. (Ed.), Of the Inner Temple, Barrister-at-Law, etc., Regius Professor of Forensic 
Medicine, University of Glasgow; formerly Professor of Forensic Medicine, University 
of Egypt, Cairo; and Medico-Legal Consultant to the Egyptian Government. "William 3 
& Wilkins Company, Baltimore, 1945. Price $8.00. Cloth with 222 illustrations and Cl* 1 
pages. 

This well-illustrated book is intended to cover tho main aspects of Forensic Medicine. ^ 
is divided into two parts. The first part deals with medical jurisprudence and describes the 
methods used to determine the cause of death produced by asphyxia, drowning, burning; 
electricity, hanging, exposure to cold, or by homicidal injuries. Furthermore, injuries produce 
by firearms, the identification of blood and seminal stains, and the medico-legal aspects o 
sex crimes are reviewed. The second part of tho book is concerned with toxicology. Tim 
etiology, the clinical signs, and the treatment, as well as the post-mortem appearances, and tbe ^ 
chemical diagnosis of poisonings are described. 

The usefulness of the book in this country is limited by the fact that it considers ex- 
clusively the British laws. The clinical aspects of toxicology are adequately presented, but 
many chemical 'tests described lack specificity or sensitivity and appear to be of relatively 
little utility in the detection of poisons in biological materials. 


Ernest Boeding, M.D. 



RAPID IDENTIFICATION OF SHIGELLA IN A PUBLIC 
HEALTH LABORATORY 

W. W. Ferguson, Ph.D„ Mary Branston, A.B., Grace L. McCallum, B.S., 
and Margaret J. Carlson, B.S. 

Lansing, Mich. 

DOYD’S concept of the antigenic structure of Flexner dysentery bacteria has 
D been given practical application in this country by ^eler_ He 
recognized that the essential differences between Flesner types of ^ellaare 
the specific antigens, while the group components are of .secondary import^, 
except perhaps in the differentiation of Flexner W into subtypes.^ Wheeler 
has described methods for serologic identification of other pathogenic Shigella, 
as well as the Flexner and Boyd types,* by means of a slide agglutination test 
employing formalinized antigens and properly absorbed sera. e i as spec e , 

however, that “classification of the organisms as determined by the agglutin - 
tion test should be confirmed by fermentation reactions. 

Weil and associates 3 are in apparent agreement with Boyd and Wheeler tha 
specific or “primary” antigens distinguish the Plexner as well as the Boyd 
types from each other. However, some of the dual antigens recognized by Wed 
and co-workers would be regarded, necessarily, as group antigens by Wheeler. 
In effect, the former authors have combined the concept of Boyd with that oi 

Andrewes and Inman. 4 . , . , 

Weil and associates 3 have advocated the use of absorbed sera for rapid 
identification of Shigella. More recently, Weil and co-workers 7 have established 
the existence of minor antigens which interrelate Shigella- amligua, Shigella 
alkalesccns, and Shigella dispar with certain of the Boyd types. They caution 
that species (and type) identification must rest on both immunologic and 
cultural properties. ■ 

Nelson and associates, 8 who examined 450 “presumptively positive” enteric 
cultures in India, feel that the use of absorbed sera in the spot agglutination 
test for identification of Shigella is far superior to the use of unabsorbed sera 
in the conventional tube agglutination method. Eighty per cent of the cultures 
examined by these investigators were identified as Shigella, presumably by 
serologic means alone. 

Extensive use of Shigella typing sera was made in Army laboratories in 
various parts of the world during World War II. Outside of one brief publiea- 
' tion,” no information on the sera and their uses has appeared in the literature. 

■ From the Bureau of Laboratories. Michigan Department of Health. 

/ Received for publication, Jan. 4, 194". 

/ * Tli rough out this paper the Flexner tj-pcs will be designated as Flcxner T, W. X. T. and 

?. and the Boyd types ns 103. TllS. SS. 170. P3SS. Dl. DX9. P2.4, and PI43. At present the dif- 
ferent systems for designating Flexner and Boyd types, as proposed by Boyd.* Wheeler,* and 
Well and associates.* arc in disagreement. The effect on the literature of the various sys- 
j: hits mav be Judged from the following example. Francis' has announced the discovery of two 

hot- antigenic tvpes of Shigella with the provisional designations of ShivrUa ficzrsri type VII 
and Eh. f.rmrri type VIII. According to Well types VII ana VIII nre the same as the Flcx- 
ners N and V of Andrewes and Inman' which Well and associates regard as types possessing 
! fpecinc antigens. 


Tnr. Joints at. or L.vnor.ATor.v and Cuxicai. Mroicncr., Arab, 1947, Yol. 32, No. 4 
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The Army sera were made for use in a slide agglutination technique for pro- 
visional identification of dysentery organisms, to he followed by determination 
of motility and confirmatory biochemical studies. 

Our experience 10 in this laboratory in the preparation and use of Flexner 
and Boyd typing sera led us to believe that Wheeler’s views on the serology of 
the Flexner group were better applicable to diagnostic problems than those oi 
Weil and associates. 3 It appeared to us that Wheeler’s absorption scheme could 
be extended arrd that antisera could be produced which would be free of prac- 
tically all minor agglutinins. A Flexner antiserum, for example, could be ab- 
sorbed not only with other cross-reacting heterologous Flexner types for removal 
of group agglutinins but with any heterologous Shigella which gave a reaction 
in the serum. Such an antisenun should be free of agglutinins for all dysentery 
organisms except the homologous type. Absorbed antiserum for other species, 
such as Shigella dyscntcriac, could be produced by the same method. It was 
recognized that paracolon and other organisms of the Enterobacteriaccae might 
possess minor antigens in common with Shigella. Only trial of absorbed sera 
could determine if cross-reactions would occur with bacteria of other genera. 

During a period of preliminary trial the typing of dysentery bacteria was 
attempted with absorbed sera only after biochemical studies had been made. 
When no disagreements between cultural and serologic tests were noted during 
the period of trial, it was decided to classify Shigella on the basis of serologic 
reactions alone. 

This paper reports the examination of 315 enteric cultures by slide ag- 
glutination technique with absorbed Shigella sera. By means of this rapid 
method of examination a report was made on the identity of Shigella present 
in a fecal specimen approximately forty-eight hours after the specimen was re- 
ceived in the laboratory. Eventual fermentation and tube agglutination studies 
were made on every organism included in the study. 

METHODS 

Sera. — The following absorbed sera were provided the Central Diagnostic 
Laboratory: Sh. dyscnteriac, Sh. ambigua, Sh. alkalcsccns (Type I), Slitgd Iff 
sonnet, polyflexner (prepared with V, W, X, Y, Z, 103, P119, and SS strains), 
monovalent Flexner V, monovalent Flexner W, monovalent Flexner Z, mono- 
valent Boyd 103, monovalent Boyd P119, and monovalent Boyd 88. Additions 
absorbed sera were prepared for the mannitol-negative types Sachs Q454, 
Q902, Q1030, and Q1167, together with absorbed sera for Boyd types 170, P288, 
Dl, D19, P274, and P143. A polyvalent serum was also prepared to cover Boy 
types 170 through P143. The Sachs and Boyd type sera, other than Boyd 193, 
P119 and 88, were not used routinely. 

Source of Cultures . — The same stock strains used for production of sera 
in an earlier study 10 were employed, plus additional cultures.* 

•Contributed b}' Dr. Kenneth M. Wheeler, Connecticut State Department of Health, Hart- 
ford- Captain G. V. Seastone, Medical Corps, Army Medical Center, Washington, D. C.: g ' 

- peluffo and Dr. Estenio Hormaeche, Institute of Hygiene, Montevideo, Uruguay ; and XJ ■ 
Josefih- Fclsen, The Bronx Hospital, New York City. 
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Production of Antisera . — -White Tabbits weighing approximately 6 pounds 
ivere used for production of antisera. The usual immunization procedure was as 
follows: A series of three intracutaneous inoculations ivere made on alternate 
days with formalinized saline suspensions of cultures grown on blood agar 
medium. These were followed by six to seven intravenous inoculations of living 
organisms also grown on blood agar. Intravenous inoculations were made on 
alternate days. 

Suspensions were standardized to the turbidity of a No. 2 McFarland 
standard, and care was taken not to suspend agar along with organisms. The 
total amount of inoculum was usually 9.0 cubic centimeters. 

Immune sera after processing were preserved with chloroform. 

Preparation of Absorbed Sera— Table I on the preparation of a Flexner 
V antiserum will serve as an example of the steps taken in preparing an absorbed 
serum. Unabsorbed serum, diluted 1 :10, was tested by slide agglutination tech- 
nique against eighteen-hour, living, smooth strains of Shigella grown on blood 
agar. None of the cultures was heated before use to destroy Heat-labile “block- 
ing” antigen, since the cultures listed, including Sh. allcalescens R strain, have 
shown no evidence of possessing such a substance. 

The technique of the test was the same as that employed in identification 
of unknown dysentery cultures by the finished serum. The wells of agglutina- 
tion slides® were filled two-thirds full of serum and test organisms were rubbed 
into the edges of serum drops by means of a loop or straight inoculating wire. 
An even, milky suspension of organisms resulted which was, admittedly, some- 
what uneven in turbidity from well to well. The slide was rocked by hand 
and observed for fifteen minutes. The system of recording reactions was by 
plus signs : 4 plus denoted complete agglutination, 2 plus partial agglutination, 
doubtful a barely detectable clumping. Since speed of reaction was some indica- 
tion of the potency of a serum, the words “instant,” “moderate,” and “slow” 
were used to denote reactions taking place, respectively, as soon as suspension 
was accomplished, within one minute, or after approximately five minutes. 

Following the determination of reactions in unabsorbed serum, strains were 
selected for removal of cross-reacting agglutinins. "With Flexner antisera the 
X and Y strains were always used for initial absorptions. Organisms for absorp- 
tion were grown on veal infusion agar in Blake bottles ; they were then washed 
oft the agar with saline and spun down in an anglehead centrifuge. The super- 
natant fluid was poured off and unabsorbed serum, diluted 1 :10, was added to the 
Packed bacteria. Resuspension of the bacteria was accomplished by stirring. 
Incubation was carried out at 50° C. for one hour. An excess of the absorbing 
dose of bacteria was used for each step in freeing a serum of cross-agglutinins. 

After incubation of scrum and antigen, bacterial cells were removed by 
centrifugation, and the serum was tested against each strain which had reacted 
m the initial titration. In the case of Flexner Y antiserum. Lot 3, absorption 
was completed by a second absorbing dose consisting of Flexner Z and Sh. 
(Male scats organisms. Slide agglutination tests were carried out with Flexner 
\ antis erum and the antigens which had reacted following absorption with X 

•Supplied fcy Clny-Ailvns Company. Inc., Xcw York, X. Y. 
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Table I. Flexner V Antiserum, Lot 3 


J.TVWO ANTIGENS 

| SLIDE AGGLUTINATION REACTIONS 

UN-ABSORBED 

SERUM 

(DILUTION 1:10) 

FOLLOWING FIRST 
ABSORPTION* 
(DILUTION 1:10) 

FOLLOWING 
SECOND 
absorption! 
(DILUTION 1:10) 

ABSORBED 

SERUM 

(DILUTION 1:20) 

Fiexner V, 3090 

+ + + + 

+ + + + Instant 

+ + + + Instant 

++++ Moderate 

Fiexner V, It 

+ + + + 

+ + + + Instant 

+ + + + Instant 

+ +++ Moderate 

Fiexner lVIIn, It 

+ + 



Fiexner WiFi, C 

+ 4- 



Fiexner X094, C 

+ + *f + 

* 


Fiexner X1533, C 

4 + + + 



Fiexner X180G, C 

4- 4- 4- 4- 

.. 


Fiexner X1S07, C 

+ 4-4-4- 

- 


Fiexner Y412, A 

+ + + + 

- 


Fiexner Y, It 

+ + + + 

- 


Fiexner Y F1210 

+ + + + 

- 


Fiexner Z, It 

+ + + + 

+ + + + 

- 

Boyd 303, C 

+ + + + 

+ 4 + + 

- 

Bovd P119, M 


_ 


Boyd PUS), A 

+ + 



Boyd 88, C 

+ + 

• 


Boyd 170, C 

4* 4- 

_ 


Boyd P2S8, M 

_ 



Boyd P288, N.M. 

_ 



Boyd Dl, M 

- 

_ 

, 

Boyd D19, M 

+ 

_ 


Bovd P274, M 

- 

- 


Boyd P143, M 

± 



Lavington 2525 

- 

_ 


Sacha Q454 

_ 

_ 


Sachs Q771 




Sachs Q902 


_ , 


Sachs Q1030 

- 

«» 


Sachs Q11G7 

- 

• 


Sh. dysenterine 104G 

- 



Sh. ambigua H 

- 

««, 


Paracolon 339 

++ 



Sh. sonnel 

_ 



Sh. alkaleacens It 

++++ 

+ 4-4-4- 


Salmonella typhi 703 



- 


+ + + +, Complete agglutination. 
++, Agglutination, 60 per cent. 


Titer of Flexnor V antiserum, absorbed, with homologous strains, 1-2560. 
Determination made by tube dilution method, incubation 60* C. for eighteen hours. 
•Absorbing strains: Fiexners XG34, X1633, XI80G, X1S07, Y R, Y F1210, and Y412. 
tAbsorbing strains: Fiexner Z and Sh. alkalcsccns. 


and Y strains. At this stage the serum appeared free of minor agglutinins, while 
the reaction with Fiexner Y organisms was instant and complete. The serum 
dilution was doubled and tests were again made with Fiexner V antigens. When 
agglutination took place within one minute and was complete, a dilution of 1 = 20 
was selected as the “working dilution.” 

Only rarely has it been necessary to accept an antiserum diluted 1:10; 011 
the other hand, no serum was diluted more than 1 .-20 because of possible de- 
terioration. As a preservative, merthiolate in powder form was added to anti- 
serum to make a final concentration of 1 :1,000. It was then filtered through a 
Seitz pad and a final titration made by testing the serum against its homologous 
strains by tube agglutination technique. 
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Tn the example given in Table I, a total of thirty-five strains are listed as 
antigens. The number has varied from lot to lot of antisera, as new antigenic 
types have been added to our collection. At present we employ forty-six strains 
as titration antigens. Storage of these strains dried in vacuo from the frozen 
state has aided greatly in prevention of dissociation. 

The inclusion of Salmonella typhi among the stock strains was done 
originally as an experiment. It was thought a worth-while precaution to re- 
move minor agglutinins for S. typhi from Shigella sera since identification of 
dysentery cultures was to be made from triple sugar slants and since occasional 
strains of the typhoid organism are found which are dysenteiy-like in their 
reactions, failing to produce H,S in twenty-four hours. When it was found that 
strong cross-reactions for S. typhi develop in some of the Flexner sera, S. typhi 
703 was included in all titrations. Whether or not the cross-reactions with 
S. typhi are due to antibodies similar to the alpha agglutinins reported by 
Stamp and Stone 11 has not been determined. 

Performance of the Diagnostic Slide Agglutination Test . — The technique of 
the diagnostic slide agglutination test has varied somewhat with the bac- 
teriologist. In general the method has been as follows : Organisms producing 
dysentery-like reactions on triple sugar slants were selected for typing. Each 
culture was tested in trypaflavine solution (1:500 concentration of aeriflavine 
hydrochloride in 0.85 per cent NaCl solution) and in physiologic saline solution 
for indications of autoagglutinability. It was discovered early in our experience 
with trypaflavine solution that Sh. alkalescens strains possessing heat-labile 
“blocking” substance were clumped rapidly in trypaflavine,* yet remained in 
even suspension in normal saline. Organisms clumping in trypaflavine and not 
in saline were either (1) placed in saline suspension and boiled for fifteen 
minutes, then tested with absorbed Sh. alkalescens antiserum; or (2) identified 
by conventional methods, that is, by observation of biochemical activities and 
reaction in specific serum by tube method. Only strains of Sh. allcalescens 
identified by slide agglutination are included in this report. 

Cultures which did not clump in either trypaflavine or saline were tested 
in polyflexner, Sh. sonnei , and Sh. alkalescens absorbed sera. Organisms which 
were agglutinated in either of the last two sera were reported by species. A 
culture which agglutinated in polyflexner serum was tested in the three 
monovalent Plexner (Y, W, and Z) and three Boyd sera (103, P119, and 88). 
An organism which reacted in the polyvalent serum and a monovalent serum 
was reported by species and type, that is, Sh. paradysenteriae, Boyd 103. 
Y ith but few exceptions the reactions in monovalent sera were complete in one 

two minutes or less. Flexner W strains were more variable in agglutinability 
than other types. Occasional strains were clumped rapidly; others, while smooth 
by test in saline, were slow to react. 

Biochemical Tests . — All cultures discussed in this report were tested for 
fermentative reactions in semisolid agar medium containing glucose, lactose, 
snerose, maltose, mannitol, and xylose, respectively. Organisms selected for 


^ an A Sachs strain-! have b<en resorted as oc- 
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special study, such as strains of Boyd 8S and Sh. allcalcscens, were inoculated 
in liquid carbohydrate media. In the case of Boyd 88 cultures, dulcitol ms 
added to the list of carbohydrates. An occasional strain of particular interest, 
such as C-27, together with strains of Sh. allcalcscens, were tested with a Ride 
range of carbohydrates. Observation of indol production and hydrolysis of 
urea was done routinely, whereas reactions on Simmons’ citrate were observed 
only on cultures selected for special study. Tests for motility were made on 
Sh. allcalcscens cultures and on all strains whose biochemical pattern was at 
variance with the evidence of tube or slide agglutination. 

Macroscopic Agglutination . — Tube agglutination tests were carried out at 
50° C. in the water bath for eighteen hours on all organisms with dysentery -like 
reactions in triple and single sugar media. The following antisera were avail- 
able: Sh. dyscntcriae, Sh. amhigua, Sh. allcalcscens, Sh. sonnei, and polyikxncr. 

RESULTS 

A total of 315 cultures which gave dysentery-like reactions in triple sugar 
agar slants was examined by slide agglutination technique with absorbed sera. 
Of these, 307 were accepted as Shigella on the basis of their agglutination in 
the spot test. The serologic identification of the 307 cultures was as follows: 


Sh. sonnei 150 

Sh. pnradysentorinc 315 

(F)exncr and Boyd) 

Sh. nlkalescens 32 

Sh. nmbigun 1 

Total 307 

The paradysentery types were identified by monovalent sera as : 

FJexucr V 1 

Fiexncr W 20 

Flexner 2 28 

Boyd 103 8 

Boyd P119 0 

Boyd 88 52 


Total 115 

Five cultures which are included in the total of 315 were agglutinated m 
polyilexner antiserum on slide test. Four of these failed to react in monovalent 
sera and were, therefore, not reported as Shigella. Fermentation studies re- 
vealed that they were aerogenic and belonged to the paracolon group. The fif th 
culture, 8255, reacted slowly in Flexner W antiserum and was reported as a 
Flexner W. Subsequent biochemical studies demonstrated that it, also, was a 
probable paracolon. On first isolation this culture was anaerogenic in trip 1 -® 
and single sugars, but it fermented glucose, maltose, and mannitol with pro- 
duction of acid and gas, upon transfer. The organism failed to ferment lactose, 
sucrose, dulcitol, and salicin in twelve days and did not utilize citrate or 
hydrolyze urea. It was indol positive, nonmotile, and reduced trimethylanun e 
oxide to trimethylamine. Absorption studies with 8255 and Flexner W organ- 
isms and their antisera demonstrated that 8255 culture has a minor antigenic 
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relationship for Flexner W. Agglutinins for 8255 and Flexner W organisms 
were not present in the serum of the rabbit used for production of 8255 immune 
serum. 

Also included in the total of 315 organisms are two paradysentery cultures 
which could not be identified by slide agglutination technique. One reacted in 
polyfiexner antiserum but failed to agglutinate in the six monovalent sera. Al- 
though it was a typical paradysentery organism biochemically, and smooth in 
phase, it apparently possessed no type-specific antigen. This strain was classi- 
fied as Flexner T on the basis of its 3,4 group antigens. The second para- 
dysentery culture was typical biochemically and unstable in saline suspension 
upon first isolation. After rapid transfer it was agglutinated in polyflexner 
antiserum by the tube method. No type determination was made. 

Only one of the more exotic Shigella was identified in the study of 315 
cultures. This organism did not react with the absorbed sera used routinely and 
was, therefore, put aside for biochemical tests. Of the carbohydrates, glucose, 
lactose, sucrose, maltose, mannitol, xylose, and duleitol, it fermented glucose only 
in twenty-four hours. In ninety-six hours, maltose was fermented weakly. Its 
other characteristics were those of a Shigella. Of the absorbed sera prepared 
against mannitol-negative Shigella, it was agglutinated only in Sachs Q771 
serum. An antiserum prepared against our strain 7005 agglutinated a stock 
strain of Q771 to approximately the titer of the homologous organism. 
Reciprocal absorption tests demonstrated that 7005 and the stock strain pos- 
sessed similar antigens. 

Since Sachs Q771 strains have been reported infrequently in this coun- 
try, 15 ' 15 the source was of interest. Isolation was made from the fecal specimen 
of a 7-year-old Mexican child hospitalized with dysentery. 

The identification of culture 8255 as a Flexner W was a definite error in 
classification due, unquestionably, to the use of inadequately absorbed "W serum. 
A second error, also brought about by reliance on serologic identification alone, 
must be viewed in a different light. Among the 159 organisms classified as 
Sh. sonnei was a culture which gave atypical reactions biochemically. This 
culture, C-27, was found to be motile and anaerogenic, fermenting glucose, 
lactose, and maltose of the commonly used carbohydrates. By absorption studies 
it was found to possess the major antigen of »$>7i. sonnei, phase I, as defined by 
Wheeler and Mickle.’' A description of C-27 will be made in detail in a 
separate publication since this organism poses an interesting problem in classifica- 
tion. 

Biochemical Tests . — 

Flexner Types: All of the sixty-five Flexner organisms typed with absorbed 
sera were typical in their fermentation reactions, fermenting glucose and man- 
nitol, or glucose, maltose, and mannitol. None fermented xylose. The majority 
produced indol. 

Boyd 103: Boyd 103 types were irregular in their reactions. SLx strains 
from the same source fermented glucose only of the carbohydrates used routinely. 
• Innnitol was not fermented after prolonged incubation; indol was formed bv 
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all six strains. Antisera were produced against two of the cultures and absorp- 
tion studies were carried out with stock antisera and stock cultures of Boyd 103 
The mannitol-negative strains were able to exhaust the agglutinins of a Boyd 
103 stock antiserum for both stock cultures and mannitol-negative strains. The 
same results were obtained when sera for the mannitol-negative Boyd 103 types 
were absorbed with stock cultures. 

Two of the eight Boyd 103 types identified were typical in their reactions, 
fermenting glucose and mannitol in twenty-four hours. One strain produced 
indol and the other did not. 

Boyd 88: All but three of the fifty- two Boyd 88 types classified sero- 
logically were from a single outbreak, and, as might be expected, the forty-nine 
sti’ains from the outbreak were fairly similar in biochemical characteristics. AH 
fermented glucose and mannitol promptly; the majority fermented maltose hi 
six or seven days, whereas duleitol was attacked slowly by most strains and a few 
did not ferment the carbohydrate in fourteen days. 

None of the fifty-two strains produced indol. One strain, not from the out- 
break, fermented glucose and mannitol only. The irregularity of fermentative re- 
actions by organisms of the Boyd SS-Newcastle-Manchester series has been noted 
by numerous investigators 5 ’ 18 ’ 10 and has been attributed as regards gas produc- 
tion to the brand of peptone used as a base for fermentation media. 50 Two non- 
motile, gas-forming cultures were examined by us winch were identified sero- 
logically as type Boyd 88. Both appeared anaerogenic on triple sugar medium 
in twenty-four hours but produced a small amount of gas in forty-eight hours. 
Both fermented glucose and mannitol promptly, eventually producing a con- 
siderable bubble of gas in the Durham vials. Neither culture fermented duleitol 
in eight days. Absorption studies demonstrated that both organisms possessed 
the major antigen of type Boyd 88. 

Shigella sonnei: With the exception of culture C-27, the organisms identi- 
fied as Sh. sonnei were typical in their reactions during a short period of in- 
cubation. All fermented glucose, maltose, and mannitol in twenty-four hours; 
none fermented xylose or produced indol. Prolonged incubation of the Sonne 
cultures was not made to obtain reactions in lactose and sucrose. 

Shigella alhalesccns: Stuart and associates 51 have pointed out that the anti- 
genic and biochemical limits to the species Sh. alkalescent are difficult to ft*- 
They report a study of 141 cultures corresponding to the classical description of 
Sh. allcalescens and forty-two cultures intergrading biochemically from Sh. 
alkalescens to Escherichia coli which possessed some or all of the antigenic frac- 
tions of Sh. allcalescens. It would appear that the identification of this species 
according to the strict definition is impossible by serologic means alone. 

In order to discover what had been labeled as Sh. allcalescens by the slide 
agglutination test, strains isolated by us were examined in a wide range of 
carbohydrates and were grown on Simmons' citrate, urea medium, Voges- 
Proskauer broth, and semisolid motility agar. The majority of the cultures were 
typical in reaction, fermenting glucose, maltose, mannitol, and duleitol, forming 
indol, and failing to grow on citrate or to produce acetyl-methyl-carbinol. They 
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were nonmotile. There were ten exceptions which, were atypical in reaction 
with the difference that they grew on citrate in three to five days and were 
motile. 

Shigella ambigua: The one Sh. ambigua culture identified serologically 
was typical in its biochemical reactions and was nonmotile. 

Tube Agglutination: The 307 organisms classified as Shigella by slide 
agglutination technique were agglutinated to complete or moderate titer with 
appropriate antisera, with but few exceptions. An occasional strain was found 
to be partially dissociated by the time the tube method was employed and re- 
quired transfer before a repeat test. Boyd 88 strains were not agglutinated 
strongly in the polyflexner serum employed for the tube agglutination titer, 
the average end point being 1:320. In contrast, Flexner strains were agglu- 
tinated in a dilution of 1 :1280 to 1 :5120 in the same serum. The average end 
point for Sh. sonnei strains in specific serum was a dilution of 1:5120. All of 
the Sh. alkalescens strains were agglutinated strongly in unabsorbed specific 
serum. 


DISCUSSION 


The rapid identification of Shigella by the use of absorbed sera has become 
mi established procedure in some laboratories, since there are definite advantages 
in its employment in the slide technique over the tube method with unabsorbed 
sera - It is now a question with those who have adopted the slide agglutination 
technique of how far shall we go in accepting the results of serologic classifica- 
tion. Shall we report the identity of an organism as Shigella solely on the 
results of serologic identification with highly absorbed sera, or shall we combine 
serologic identification with biochemical confirmation studies to arrive at the 
identity of a dysentery -like organism 1 


The first course is attractive because of the rapidity with which a report 
rna - v made to a physician. Instead of a period of seventy-two to ninety-six 
hours between receipt of a specimen and a report on the Shigella present, there 
ls ! ' lc possibility of a report in forty-eight, or even twenty-four, hours if typing is 
made direct from an isolation plate. To offset the advantage of speed there is the 
Possibility of an error in identification. 


The chances of error are not great but they are definite. There is first the 
Possibility that all cross-reacting agglutinins have not been absorbed from sera. 
- a error due to inadequate absorption of Flexner W antiserum is reported in the 
Present study. There is the possibility of reaction between absorbed serum and 
is specific antigen existing in a different species, as in the ease of culture C-27, 
su hr, S. nevertheless, in an incorrect identification, 
of } JU p l Wliat tllc significance of an organism such as C-27 is in the scheme 
as 4° ' atcro * >aclcr i accnG is uncertain; one would hesitate to classify this culture 
Fr 1 s ' jnnci 1 " rom our Present imperfect knowledge of the species and of organ- 
pau atC<1 t0 - ant isenienHy. Wheeler and Stuart 16 have described a motile 
it* t C ° ° n stra . in witl1 tlie complete somatic antigen of Sachs type Q771, and 
<'tvay niS pa ? si ^ e ^mt similar relationships between paracolon and Shigella 
‘ iMns "’ ll1 bc discovered in the future. Whether these related hut atypical 
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organisms will be numerous enough to cause frequent errors in classification 
seems very doubtful. The paucity of reports in the literature would indicate 
that such cultures are few. 

Should classification in the present study of ten motile, citrate-positive 
strains as Sh. allcalcsccns be considered as further error clue to serologic 
methods? According to the present limits of the species, yes. It is evident, 
however, from the work of Stuart and co-workers 21 that a new conception of the 
species may be realized and that classification according to the present limits may 
be changed. 

Since Sh. allcalcsccns isolated from feces is not reported to the physician 
by our laboratory, any discussion of error in the classification of the motile, 
citrate-positive organisms is academic. It seems probable that many of these 
cultures have been, and are being, classified as Sh. allcalcsccns on the basis of 
conventional methods of identification. Motility is usually' sluggish and is 
noticeable in semisolid medium only after twenty-four to thirty-six hours' incuba- 
tion, while the reaction on citrate is slow, alkalinity appearing in three to five 
day's. 

In view of the results in the present study', it would appear that the chances 
of error in identifying the pathogenic Shigella by use of highly absorbed sera 
are slight. If we except from discussion the controversial issue of the limits to 
the species Sh. allcalcsccns, our rate of error was two out of 2S4 specimens, or 
approximately 0.7 per cent. When one considers methods of identification of 
several years ago, the results by' the rapid method look very' good indeed. How 
then would the mannitol-negative Boy'd 103 strains have been classified? Would 
a report on either the Boyd 103 or the aerogenic Boyd 88 types have been made 
within a reasonable period of time in order that they' might be of use to a 
physician? 

A contrast of past and present methods in which present methods appear 
to advantage should not overlook the fact that the latter are subject to occa- 
sional errors. Therefore, at the completion of this study, our recommendation 
was as follows : A provisional report on the identity' of Shigella-like organisms 
should be made, based on the outcome of the slide agglutination test. In our 
opinion the value of a rapid report to the physician justifies this procedure. 
Confirmatory motility and biochemical studies should continue to be made on 
each strain examined. This should be done both for confirmation of serologic 
results and to add to our knowledge of irregular biochemical reactions among 
the Shigella. 

SUMMARY 

1. Methods for production of highly' absorbed Shigella antisera for use in the 
slide agglutination test are presented. 

2. A total of 315 cultures which appeared dy'sentery-like on triple sugar 
agar was examined by slide agglutination technique with absorbed sera. Of 
these, 307 were accepted as Shigella on the basis of their reactions in absorbed 
sera. One of the 307, identified as Sh. sonnet, was found to be atypical in 
fermentation reactions and motile, yet it possessed the major antigen of 
Sh. sonnei. 
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Of thirty-two cultures identified serologically as Sh. alkalescens, ten were 
atypical in that they utilized citrate slowly and were motile. The remainder 
the 307 cultures were confirmed as Shigella by means of biochemical and tube 
'glutination tests. 

3. One Sachs type Q771 strain was identified. 

4. Eapid identification of two paradysentery strains could not be made be- 
mse of “rough” phase in one culture and lack of specific antigen in the other. 

5. Of five paracolon strains which reacted with polyvalent Plexner anti- 
•rum, four were eliminated as pathogens because of failure to react with 
lonovalent serum ; the fifth was incorrectly identified as Flesner V. 

6. It was concluded that immediate reports on the identity of Shigella 
re justified when they are based on the rapid slide agglutination test, provided 
ntisera used in the test have been highly absorbed. All identifications should 
e followed by tests of motility and biochemical studies. 
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THE SEROLOGIC RESPONSE IN MURINE TYPHUS AS MEASURED 
BY THE WEIL-FELIX, RICKETTSIAL COMPLEMENT 
FIXATION, AND RICKETTSIAL AGGLUTINATION 
REACTIONS 

Carl T. Nelson, M.D. 

New York, N. Y. 

S INCE its introduction in 1916, the Weil-Felix test 1 has been a valuable aid 
in the diagnosis of rickettsial diseases in human beings. This reaction, based 
on the development of nonspecific agglutinins for the 0 or nonmotile variants 
of certain strains of Proteus X, has been widely used for diagnostic purposes 
because of its simplicity and accuracy in detecting rickettsial infections. In 
common with other nonspecific serologic reactions, however, the Weil-Felix test 
has limitations which, if not restricting its usefulness, often render its m- 
terp rotation difficult. For example, it is now generally agreed that the test does 
not distinguish between typhus and the rickettsial diseases of the spotted fever 
group. This is of some importance in regions such as the Southern United 
States where murine typhus and Rocky Mountain spotted fever are both 
endemic. Moreover, the sera of normal persons who have never been exposed to 
I’iekettsial infection often contain low-titer agglutinins for Proteus X strains. 
Consequently it is usually not safe to draw diagnostic conclusions from the re- 
sults of a single Weil-Felix test, even if the titer exceeds a level commonly re- 
garded as significant. Another source of difficulty in assessing the significance of 
the Weil-Felix reaction may arise from the fact that agglutinins for Proteus X 
strains sometimes occur as a result of infection with Proteus vulgaris and Proteus 
mirabilis." 

Witli the development of improved methods for cultivating rickettsiae m 
relatively large amounts, it lias become feasible to employ purified rickettsial 
suspensions as antigens in the serologic diagnosis of typhus and related diseases. 
When such antigens are used in complement fixation or agglutination tests tbej 
afford convenient means for diagnosing rickettsial infections. In addition, their 
greater specificity permits a differentiation between the various rickettsial dis- 
eases which give overlapping results with the Weil-Felix test. 3 ' 1 * The antigens 
most commonly used at the present time are prepared by growing rickettsiae m 
the yolk sac of the developing chick 15 or in the lungs of rodents. 10 ’ 17 

It is evident from data published thus far that there has been little oc- 
casion for studying the comparative effectiveness of suspensions of rickettsiae 
and Proteus OX strains in the early serologic diagnosis of murine typhus. As 
Felix has pointed out, 18 murine typhus is essentially a sporadic disease with a 
relatively low fatality rate, and patients usually do not come under observa- 
tion soon enough to permit an adequate investigation of the pattern of serologic 

~From the Department of Dermatology. College of Physicians and Surgeons, Columbia 
University. 
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response in the early stages of infection. The studies reported here were under- 
taken primarily to investigate the course of antibody development in patients 
with murine typhus by comparing the results of the Weil-Felix test with the 
specific rickettsial agglutination and complement fixation reactions. It was 
hoped that in this way it might be possible to evaluate more clearly the relative 
usefulness of the murine rickettsial agglutination and complement fixation tests 
in the early diagnosis of the disease. 


,v 


METHODS AND MATERIALS 

For the purposes of this study, multiple samples of blood serum were collected over a 
period of several weeks from patients with clinical evidence of typhus infection. In almost 
all instances these patients were residents of communities in the Southeastern United States 
where murine typhus is endemic. Efforts were made to obtain samples of serum at intervals 
of two to four days during the first three weeks of illness and at seven or eight days for the 
next five weeks. Thereafter, whenever possible, serum was collected once each month until a 
period of 150 days following the onset of illness had elapsed. In many cases, however, the 
patient could not be observed beyond the initial eight-week period. Although it was thus 
possible to obtain accurate data on the development of antibody levels,- the persistence of 
titers in these cases could only be partially studied. 

Sera collected in this manner were sent to a central laboratory where agglutination and 
complement fixation reactions with murine rickettsial antigens* as well as agglutination tests 
^°r Proteus strains OX 19, OX 2, and OX K were performed with each specimen. Sometimes 
complement fixation tests were also carried out with Kocky Mountain spotted fever rickettsial 
antigen. The serum specimens were tested as they were received at the central laboratory. 
In addition, the unused portions of successive sera from any one patient were stored at 4° C- 
and later retested simultaneously by each method. This was done to safeguard against 
possible variations in the reactivity of the antigenic suspensions. Only those patients who 
gave an accurate history regarding date of onset of symptoms and in whom it was possible 
to trace the progressive development of antibody titers during illness have been included in 
this report. Of the thirty-four noufatal cases of murine typhus originally comprising this 
scries, twenty-two could be studied sufficiently closely to yield accurate and comparable data. 

The Proteus OX antigens employed in the lYeil-Felix tests were alcohol-treated suspen- 
sions prepared and standardized according to Bridges’ modification of Bien's method. 19 . 
rior to use, the concentrated suspensions were adjusted to a density approximating the 
clarland nephelometer standard No. 3. For the agglutination tests, 0.3 c.c. amounts of 
.U'pcnriott were added to 100 by 13 mm. round- bottomed tubes containing equal volumes of 
6 P 3,letl t’s serum which had been made up in serial twofold dilutions ranging from 1:10 
0 ; C ’ 0 ' tests were controlled with positive and negative sera. The tubes were 

remnfugod at 2,000 r.p.m. for seven minutes and then read macroscopically after shaking 
■^S i to dislodge the particles from the bottom of each tube. The highest serum dilution 
M - v degree of agglutination was recorded as the titer. The reaction was arbitrarily 
rill Cfeti , t0 5)0 P° sitivc when agglutination occurred in an initial serum dilution of 1:S0 or 
r ° or when a fourfold increase in titer over a previous specimen had been observed. 

'oH t'Pglotmation tests were performed with antigens obtained from infected 

01 developing cluck embryos. 19 The rickettsial suspensions were prepared in the 
bu-hT. t rwomnica dcd by Fitzpatrick, 1 * using the cther-cxtraction method of purification. 

,v f r0 foun d to bo relatively stable, retaining their original specificity and 
••I-;', L } , a pCn ° a of 3t lc3st sbc months when stored at refrigerator temperature*. Serum 
3 7- ° r were diluted serially from 1:20 to 1:100 and te-ted bv the slide 

wa technique previously described. 1 * Positive and negative control 'sera were 
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included in each test. The slides were placed in the incubator at 40‘ 0. for five hours ami 
then stored at 4° C. overnight. Preliminary macroscopic readings were made after the slides 
had remained in the incubator for ono and five hours, respectively. A final reading was made 
with tho low-power objective of the microscope after overnight refrigemtion. The test was 
recorded ns positive only when complete ngglutination was observed in an initial serum dilu- 
tion of 1:40 or more. When agglutination occurred it usually was visible to the unaided eye 
within a period of one hour. In reading results the slide test presented none of the diffi- 
culties encountered by van Rooycn and associates'^ with rickettsial ngglutination reactions in 
test tubes. 

The antigens used for the complement fixation tests were also prepared from rickettsiae 
grown in the yolk sac of embryoiinted hen eggs.'o Tho rickettsial suspensions were made up 
and standardized by the method employed by Bengtson.ai Serum samples from eacli patient 
wore inactivated at 50° C. for one-half hour and then diluted serially from 1:4 to 1:5)2. 
The technique of the complement fix-ation test was that described by Bcngtson,*' using the 
customary reagent controls. Each day’s tests were controlled also with positive and negative 
sera. The degrees of fixation were recorded ns 4, 3, 2, and 1 plus, and trace. In this test a 
reaction of 3 or 4 plus in a serum dilution of 2:8 or higher was considered to ho positive. 

*■ RESULTS 

The results of the serologic studies in the twenty-two patients with murine 
typhus included in this series arc summarized in Table I. Generally speaking, 
in most of these patients the Weil-Pelix and rickettsial agglutination tests be- 
came positive earlier in the course of illness than did the rickettsial complement 
fixation reaction. Sometimes the Weil-Pelix became positive slightly sooner 
than the rickettsial agglutination test; occasionally the reverse was true. Por 
the most part, however, these reactions differed very little in this respect. In 
only one case was the rickettsial complement fixation test found positive before 
the other two. 


Table I. Early Seroloqic Response by Day op Disease, in Twenty-Two Patients With 

murine Typhus 


DAY OF DISEASE 

NUilBER OP PATIENTS SHOWING A POSITIVE TITER BY 

WEIL- FELIX 

MURINE RICKETTSIAL 
AGGLUTINATION 

MURINE RICKETTSIAL^ 
COMPLEMENT FIXATION, 

4 

0 

0 

0 

G 

i 

1 

1 

8 

2 

2 

2 

10 

9 

9 

G 

12 

10 

15 

7 

14 

20 

19 

9 

1G 

21 

19 

12 

18 

21 

20 

13 

20 

22 

20 

14 

22 

22 

22 

15 - 


During the first week of illness all three tests seemed to be equally ineffective 
in establishing a serologic diagnosis of murine typhus.- In the second week of 
illness the Weil-Pelix and rickettsial agglutination tests were usually positive 
and were clearly superior to the complement fixation reaction in detecting the 
disease. Even three weeks after onset, when the two agglutination tests were 
positive in all instances, the complement fixation reaction was still negative m 
nearly one-third of the eases. In one patient the presence of complement-fixing 
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antibody was not demonstrated until six weeks after illness began. Further 
data, comparing the per cent of positive Weil-Felix, rickettsial agglutination, 
and rickettsial complement fixation reactors by day of disease, are shown in 
Fig. 1. 

These findings suggest that the Weil-Felix and rickettsial agglutination 
tests are more valuable than the rickettsial complement fixation reaction in the 
early serologic diagnosis of murine t 3 *phus. The rickettsial agglutination re- 
action, in turn, is superior to the Weil-Felix test in that it is more specific and 
permits a differentiation to be made between the murine and spotted fever types 
of infection. In view of this one may conclude that the rickettsial slide ag- 
glutination test, as performed in this work, is a superior serologic method for 
detecting murine typhus in the early stages of the disease. 


*1 

<> 



of positive Well-Feto. rickettsial agglutination, and rickettsial complement 
uxation reactors, by day of disease, in twenty-two cases of murine typhus. 


‘ dditiona] information gained in the course of these studies indicates that 
once the rickettsial complement fixation reaction becomes positive it remains so 
? T ? relatively long period of time. In this respect it does not appear to differ 
• 'gm icantly from the rickettsial agglutination test. Although the persistence 
^ ricn iL \ Jeve!s . in tiicsc patients could not be studied completely, it seems 
r hnt 55)0 Weil-Felix i s the most evanescent of the three reactions and fre- 
n • n - v becomes negative eight to twelve weeks after the onset of symptoms. 


DISCUSSION 

* r tnnnv ^ '•cordmp to Felix,**- ” the majority of eases of louse-borne typhus and 

•r l\ lV f n ”-n” C typhus can be diagnosed by the OX 19 reaction during 

v 0 dlucss. This has been denied bv other investigators* 1 - who 
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point out that significant agglutinin titers for riekettsiac and Proteus OX 19 
usually are not attained by such patients until early in the second week of dis- 
ease. In so far as murine typhus is concerned, the data presented here indicate 
that in most cases the disease cannot he diagnosed by serologic methods until 
after the eighth day of illness. 

From time to time in the past, certain workers have postulated that the 
pattern of agglutinin formation in cases of typhus is related to the clinical course 
of the disease. 1 " 1 24 Generally speaking, patients with cases of moderate severity 
are said to respond with high titers, while those with most severe eases, including 
those who succumb to the infection, have very low titers. In this small series 
of patients, little or no relationship between the severity of illness and the 
magnitude of antibody response was found. While this work was in progress 
it was possible to observe three patients with uncomplicated murine typhus 
which terminated fatally. In each of these the agglutinin and complement- 
fixing titers reached high levels prior to death. Although the number of patients 
studied does not permit one to draw definite conclusions, it seems that the anti- 
body levels attained in murine typhus are subject to wide individual variations 
and that if an inverse relationship exists between clinical severity and the height 
of antibody response it must be a tenuous one. 

The specificity of rickettsial agglutination and complement fixation re- 
actions already has been demonstrated conclusively by several investi- 
gators. 4, I0 ’ 12 ‘ 14 ’ Ki 25 In the absence of previous rickettsial infection or vac- 
cination, sera from normal persons and individuals suffering from nonrclatcd 
febrile illnesses almost never contain antibodies for rickettsial antigens. This 
was amply confirmed during the course of these studies. On the other hand, 
some degree of cross agglutination and complement fixation with murine, classic, 
and spotted fever antigens may he expected to occur in sera from patients with 
typhus and spotted fever. When the rickettsial suspensions are properly stand- 
ardized, however, the titer for the infecting strain is usually significantly higher 
than the heterologous antibody' levels. Thus a serologic differentiation may he 
made between diseases of the typhus and spotted fever groups by means of the 
agglutination and complement fixation tests. 

Plots and associates 26 have recently indicated that the rickettsial agglutina- 
tion reaction is less effective than the complement fixation test in differentiating 
between typhus and Rocky Mountain spotted fever. These investigators, using 
an unspecified macroscopic agglutination technique, found that the sera from 
thirteen patients with Rocky Mountain spotted fever gave considerable agglu- 
tination with murine and classic rickettsiae, whereas no cross reactions for the 
typhus antigens occurred in the rickettsial complement fixation test. During the 
present study there was an opportunity to observe the serologic response in three 
patients with Rocky Mountain spotted fever. In two of these no cross agglutina- 
tion with murine typhus antigen was noted in the slide agglutination test. In 
the third patient partial agglutination in low titer (1:40) occurred with murine 
rickettsiae, but this titer remained stationary throughout the disease. Sera from 
all three patients, however, gave slight to moderate cross reactions with murine 
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rickettsial suspensions in the complement fixation test. While it is obviously 
impossible to generalize from scattered observations of this sort, such findings 
tend to reaffirm the value of the slide agglutination test used in these studies 
for the differentiation of rickettsial diseases. Moreover, from a clinical stand- 
point, these results emphasize that the more elaborate complement fixation re- 
action probably possesses no differential diagnostic virtues which are not also 
shared by the simple slide agglutination test. 

SUMMARY 

1. An investigation of the serologic response in twenty-two cases of murine 
typhus has shown that the Weil-Felix and rickettsial agglutination reactions 
usually become positive earlier than the rickettsial complement fixation test in 
this disease. 

2. Because of its specificity and sensitivity, the rickettsial slide agglutina- 
tion test employed in these studies is particularly useful in the early serologic 
diagnosis of murine typhus. 

3. In so far as the detection of murine typhus in its acute stages in man is 
concerned, the relatively simple rickettsial slide agglutination test is fully as 
effective as the more elaborate complement fixation reaction. 

Grateful acknowledgment is made to Frances S. Friedman, M. Edwena Parrish, and 
Lucia L. Smith, for their technical assistance in this work. 
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INFLUENZA B IN NEEDHAM, MASSACHUSETTS, DECEMBER, 1945 

Serologic Studies in Cases and in Family Contacts 

Maxwell Finland, Mildred W. Barnes, Manson Meads, Edwin M. Ory, and 

A. Daniel Rubenstein 
Boston, Mass. 

A TTENTION was first called to the possibility of a sizable outbreak of in- 
fluenza in Needham, Mass., by an abrupt rise in the number of absentees 
in the Junior High School during the second week of December, 1945. Through 
the cooperation of the local school and health authorities and of many of the 
residents of the community, an opportunity was afforded to study certain aspects 
of this outbreak. The present paper includes a report of serologic studies made 
in a limited number of cases and family contacts. The epidemiologic observa- 
tions are reported elsewhere. 1 


materials and methods 


Collection of Materials. — Visits were made to the Junior High School and 
to the homes of a number of pupils who were acutely ill with influenza between 
Bee. 13 and 16. Throat washings were obtained at this time from several in- 
dividuals who were still acutely ill with the symptoms of influenza and with a 
fever of 101° F. or higher. At the same time samples of venous blood for 
serologic studies were obtained aseptieally from individuals with acute influenza 
and from members of their families, including both persons with influenza and 
apparently healthy contacts. Clinical histories were also obtained at this time. 
A second visit was made to each of the same families between Dec. 29, 1945, and 
•Ian. 2, 1946. At that time blood was again drawn from patients and contacts 
and a history was obtained of any illnesses that may have occurred during the 
intervening period. As far as could be ascertained, none of the patients or 
contacts had received inoculations of influenza vaccines. 


Clinical Findings . — The clinical features of the eases of influenza were 
flnite characteristic and consisted of fever (100 to 104° F.), prostration, eyeball 
Pom, generalized aching, some cough, and occasionally a mild sore throat. There 
'lis usually slight conjunctival injection and supraorbital edema. A few scat- 
" erc heard in the lungs of some of those individuals who were ex- 
aminee], The severity of the illness was rated as 1 to 3 plus, according to the 
'A'gree of prostration, height and duration of fever, and the severity of the 
V! Cmic s - vn *Ptoms. Four adult contacts of patients with influenza had slight 
— Predominantly gastrointestinal symptoms which had been called “in- 
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lestinal flu.” There were four other contacts, one a cafeteria worker at the 
school and three parents of individuals with influenza, who were afebrile and 
had symptoms characteristic of a common cold, with coryza predominating. 

Antigens . — The antigens used in the serologic tests included the PI?8 strain 
of influenza A, the Lee strain of influenza B, strains WC and MF isolated from 
throat washings obtained on Dec. 14 from patients with acute influenza among 
the Thorndike Laboratory staff who had no contact with the Needham cases, 
and strain MB isolated from throat washings on the first day of illness from one 
of the patients in the Needham outbreak (patient 6 in Table I). The PUS ami 
Lee viruses were originally obtained from Dr. Thomas Francis, Jr., and the 
others were isolated by amniolie inoculation and passage and were subsequently 
transferred through more than twenty allantoic passages. Bach was concen- 
trated from a pooled harvest of allantoic fluid by elution from the embryonic 
erythrocytes according to the method of Francis and Salic 2 and kept in a C0 : 
icebox at about -70° Centigrade. Details of the isolations of influenza strains 
during this epidemic will be presented elsewhere. 

Serologic 1'csts . — The sera were kept in an electric refrigerator (deep 
freeze) at -20° C. in rubber stoppered Pyrex tubes and rapidly thawed each 
time before any was withdrawn for the tests. All serologic tests were carried 
out in two-fold dilutions of serum and saline beginning with 1 :4. Paired sera 
from each person always were tested at the same time, usually with two or 
more viruses. A majority of the tests were repeated on two or more separate 
occasions. At least on one occasion in most cases, dilutions of the sera made 
up at one time were run simultaneously with three or four of the viruses in both 
agglutinin inhibition and complement fixation tests. The agglutinin inhibi- 
tion tests were set up essentially as described by Hirst. 3 Chicken blood for 
these tests was obtained from a local slaughterhouse and the blood from three 
or more chickens was pooled each time. The details of the complement fixation 
test were similar to those described by Enders and associates 4 for the mumps 
virus. Titers were recorded as the reciprocal of the greatest initial dilution of 
serum before adding other reagents. The end point in the Hirst test was read 
at the dilution in which erythrocyte agglutination was completely absent (0) 
or estimated up to 25 per cent (+). In the latter event the titer was arbitrarily 
reduced by one-lialf of the value of the preceding interval. (Example: Com- 
plete inhibition in 1:64 and plus agglutination in 1:128; titer is 128 less 32 
or 96.) In the complement fixation lest the end point was graded 1 to 4 phis, 
the former representing an estimated 75 per cent hemolysis and the latter com- 
plete fixation, that is, no hemolysis. The 1, 2, and 3 plus readings were reduced 

Yo, and Ya> respectively, of the value of the preceding interval. Examples: 
No hemolysis (4 plus) in 1:64 and complete hemolysis (0) in 1:128; titer is 64. 
No hemolysis (4 plus) in 1:64 estimated 25 per cent hemolysis (3 plus) m 
1:128, and complete hemolysis (0) in 1:256; titer is 128 less 44 of 64 or 112.) 
The titers of serum which showed no antibody in the initial dilution (1 :4) 
were arbitrarily given the value of 2. 
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RESULTS 

Virus Isolations . — Attempts to isolate a virus from the throat washings 
obtained from patients with acute clinical influenza in the Needham outbreak 
were unsuccessful in most instances. The washings had been kept chilled dur- 
ing transit and stored in sealed Pyrex tubes in a CO, icebox as soon as they 
reached the laboratory. Unfiltered washings with 150 to 500 units of penicillin 
added were inoculated. Various combinations of amniotic and allantoic passages 
in eggs with or without mouse passages were used. In some instances evidence 
suggesting the possible presence of influenza virus was obtained in the course 
of some of the early passages in the embryonated eggs by the hemagglutination 
of the embiyonie erythrocytes, but subsequent passages failed to establish the 
presence of a virus in most of them. Successful isolations of influenza viruses 
from this season's cases had been obtained only from the three cases mentioned 
at the time the present studies were being carried out. The three strains were 
readily identified serologically as type B influenza and were used in the present 
studies for comparison with the Lee strain. 

Cases Studied . — Included in the serologic study are eleven families and 
t"o isolated cases, a total of thirty-nine persons. In each family there was at 
least one with typical symptoms of clinical influenza of moderate severity and 
from one to four others, either patients or healthy family contacts, from whom 
sera for serologic studies were obtained at the same time. The two isolated 
cases included a pupil and a cafeteria worker at the Junior High School. The 
influenza antibody titers in each of these individuals arc shown in Table I, to- 
other with the date of onset and a rough estimate of severity in the eases of 
clinical influenza. Each titer represents the average for all the tests done 
with the virus and scrum concerned. Patients in whom the symptoms were 
essentially those of a mild common cold with little or no fever and with coryza 
ns fl'e °n!y significant feature are listed under Severity as C; those with low 
grade fever and diarrhea as the outstanding manifestation are designated as 
® ’ n the same column in Table I. 


Serologic Results in Typical Cases of Influenza . — 


Influenza A Antibodies: There were nineteen characteristic cases of clinical 
influenza, and the symptoms in each instance began between Dec. 9 and 15. 
There were three such cases in each of two families, two in each of three families, 
■ind six that were the only typical eases among the persons studied in their 
amilies; there was one isolated case of clinical influenza with no family con- 
Lwls included in the study. In none of these nineteen eases was there any 
Mgmfieant rise in titer of antibodies against the PBS strain of influenza A by 
mt tor the agglutinin inhibition or complement fixation test. 


The level of the antibody titers obtained with the PBS strain hv the tests 
''"ployed are worth noting. A titer of 32 or higher was obtained in only one 
“ , l, ‘ son ! ( {!,e convalescent serum of Patient 7) by the complement fixation test. 
V wives titeis, win gin a from G4 to 381 were obtained by the agglutinin inhibi- 
tc | M 1,1 of <he sera from six individuals and in the acute scrum of a 
i person. The low titers were not the result of poor sensitivity of the 
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strain, since high titers and sharp rises in titers to high levels were obtained 
with the same antigen hv both lesfs in unvaccinated individuals and in several 
patients with influenza A which occurred late in January, 1946. 5 

Influenza B Antibodies: Significant rises in titer of influenza B antibodies 
were demonstrated with two or more of the four strains used in fourteen of 
these cases and the rises were quite marked in most instances. Two additional 
eases showed significantly high titers but no rises were demonstrated. In 
Patient 14 the initial blood was obtained on the seventh day after the onset of 
symptoms, and while no significant rise in titer of antibodies for any of the 
type B strains was demonstrated, the titers of these antibodies initially were 
comparable with or higher than the titers obtained with the convalescent phase 
sera in several other cases in which a fourfold or greater rise had been demon- 
strated. This suggests the likelihood that a maximum titer already had been 
reached in that ease at the time when the initial blood was drawn. Twin 
siblings of this case each showed a marked rise in influenza B antibodies but 
the onset of their symptoms occurred five and six days later, respectively, and 
their initial titers were much lower. In Patient 13 only a single sample of 
blood was obtained fourteen days after the onset of symptoms and in that 
serum high titers of antibodies against all of the influenza B strains were 
obtained by both tests. These liters were comparable witli the convalescent 
titers in cases exhibiting a marked rise, indicating that in this case too the high 
titers were probably the result of recent infection with influenza B. 

Negative Serologic Responses: The three remaining typical cases of clinical 
influenza (Patients 24 to 26) showed no significant titers or rises in titers of 
influenza B antibodies. The patients were all members of Family W and were 
the only persons studied in that family. The initial sera in these cases were 
obtained between the third and sixth days after the onset of clinical influenza. 
The illness in these patients occurred during the peak of the outbreak and was 
considered to be of average severity in two and mild in the third. The anti- 
body titers obtained with the Lee strain and with turn or all three of the recently 
isolated strains of influenza B were low in almost every instance. The initial 
titers of antibodies for PRS were moderately high in the agglutinin inhibition 
tests in two of these cases but the complement-fixing antibodies were of low 
titer for this strain in both instances. Both tests gave low titers with the PR8 
strain in the third case. 

Strain Differences: A few details concerning the influenza B antibodies in 
the typical cases of clinical influenza are worth noting. In every case in which 
a rise in titer of antibodies was demonstrated with the Lee strain, comparable 
rises in titer of antibodies also were demonstrated with the recently isolated 
strains. There were three cases, however, in which tests with the Lee strain 
failed to bring out a rise in titer of influenza B antibodies by either agglutinin 
inhibition or complement fixation or by both tests when such a rise was demon- 
strated with the recently isolated strains. The original titers of influenza B 
- antibodies in these eases were all low. The sera in Patient IS showed no rise 
in titer of agglutinin inhibiting antibodies for the Lee virus when tested on 
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three separate occasions; however, a significant rise in titer was demonstrated 
by the complement fixation tests simultaneously with the same virus, and dilu- 
tions of serum made up at the same time. Tests done with the W G and MF 
strains also showed two- to fourfold rises in titer in this case, hut the results 
with the epidemic strain MB were similar to those obtained with the Lee strain. 
The sera in Patients 21 and 27 showed no rise in titer of antibodies for the 
Lee strain by either the agglutinin inhibition or complement fixation tests done 
on four separate occasions, but they showed appreciable rises by both tests done 
with the WC and JIF strains. In neither of these two was any significant rise 
elicited with the MB strain either. There were no gross discrepancies between 
the results obtained in the same sera with the WC and JIF strains by either 
agglutination inhibition and complement fixation tests, and the differences that 
were noted were quantitative and were usually only slight. The findings in 
these three eases suggest that the WC and JIF strains are more closely related 
to each other than to the Lee and JIB strains and also that the JIB strain is 
more nearly like the Lee strain than are the other two recently isolated strains. 
Such a deduction, however, requires substantiation from more detailed anti- 
genic studies before it is acceptable. 

Cases Resembling Common Cold . — The four patients in whom fever was 
absent and the symptoms were considered to be those of the common cold are 
of interest. Three of them (Patients 9, 22, and 28) were mothers of families 
in which at least one child had clinical influenza associated with a significant 
rise in titer of antibodies for the type B viruses. The fourth (Patient 38) was 
an adult cafeteria worker at the Junior High School. The onset of symptoms 
in Patient 22 occurred early in November, 1945, but in the others the illness 
began at about the same time as in those patients with the typical course of 
clinical influenza. The sera of each were tested several times with the PRS and 
Lee viruses and at least once with each of the three recently isolated strains. 
Jlone of these four cases showed significantly elevated titers or rises in titers 
of antibodies for any of the viruses used. The initial titers, in fact, were 
similar to those obtained with the same viruses in the acute phase sera of eases 
of clinical influenza showing typical rises with the strains of influenza B. 

Patients With Intestinal Manifestations . — The four patients in whom the 
symptoms were predominantly gastrointestinal are also of interest because of 
Lie possible relation of influenza virus infection to these symptoms. Each of 
these patients was the father of a family in which there was at least one child 
vdth clinical influenza in whom a rise in titer of antibodies for at least two 
of the strains of type B influenza virus was demonstrated. In none of these 
four was a significant rise in titer of antibodies demonstrated for any of the 
viruses used. The data on these four patients, however, are not so clear as 
m tlie with the symptoms of colds. In one of them, Patient 29, there 

"as only a single specimen of serum obtained eighteen days after the onset 
°f symptoms and all of the tilers were low. In each of two others. Patients 12 
>mu ,12, the initial blood was obtained ten days after the onset of fever and 
( mrrhea. In the latter two the titers of antibodies for some of the type B 
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strains, particularly the titers obtained by the complement, fixation test, were 
higher than in most of the acute phase sera of patients in whom a significant 
rise was later demonstrated. Finally, in the fourth, Patient 19, the symptoms 
began ten days after the initial specimen was obtained and only four days be- 
fore the second sample of blood was drawn. 

Household- Contacts. — The results of the tests on the sera of the healthy 
household contacts of those patients in whom a rise in titer of influenza B 
antibodies was demonstrated are also of interest since little information is 
available concerning the influenza antibody response under just these conditions. 
There were twelve such household contacts in whom pairs of blood samples were 
obtained at the same time, as in the patients with clinical influenza. Four of 
the twelve were in Family F and two in Family N, and there was one in each 
of six other families. Unfortunately only two of these contacts were children. 
The rest were adults; almost all of them were parents of the patients, pre- 
sumably being in fairly close contact with them. That was particularly true of 
mother's who in each instance nursed their children through the illness at home. 

Half of these healthy contacts showed no rise in titer of antibodies against 
any of the four type B strains by either of the tests used. There were two 
individuals, Patients 2 and 5, both in Family F, in whose sera a fourfold rise 
in tiler was elicited against the epidemic strain MB by the complement fixation 
test. In both of them the agglutinin inhibition test showed a twofold rise with 
the same virus, and similar slight rises which are not ordinarily considered to 
he significant also were noted in the complement fixation tests with tire remain- 
ing type B strains. Four other contacts (Patients 3, 8, 11 and 17) each showed 
a twofold rise in tiler of antibodies against one or more of the type B strains by 
either or both tests. There were only two instances (Patients 17 and 34) in 
which a twofold vise in titer was elicited with the PBS strain by one or the 
other of the tests. Except for the elevated tilers of agglutinin inhibition with 
PR8 mentioned earlier, the titers in the initial samples in all of these healthy 
contacts were essentially similar to those observed in the acute phase sera of th e 
patients with clinical influenza in whom significant rises in influenza B anti- 
bodies were elicited. 

Comparison of Agglutinin Inhibition and Complement Fixation Tests.— 
Except as already noted, the levels of the antibody titers obtained in any single 
specimen of serum by inhibition of hemagglutination and bj r complement fixa- 
tion of the same virus usually corresponded fairly closely considering the limita- 
tions of the methods. The greatest and most frequent discrepancies were ob- 
served in the titers obtained with the PBS strain: Several sera yielded high 
titers by inhibition of agglutination with this strain, but significantly high 
titers with the complement fixation tests were not. observed. Except as noted 
earlier, the two tests also gave quite comparable titers in the same sera with 
each of the four stems of influenza B virus. In a few sera slightly higher 
titers with these viruses were obtained by complement fixation than by the 
inhibition of hemagglutination. 
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Tests With the BON Strain of Influenza B .— After all of these studies were 
completed, Dr. John F. Enders suggested that serologic tests with the BON 
strain also might be of interest. This strain was isolated by chick-embryo 
inoculation in Australia in 1943 by Beveridge and associates, 6 who showed it to 
be serologically related to, but readily distinguishable from, the Lee strain of 
influenza B. The results of the tests done on fifteen pairs of sera that were 
still available are shown in Table II. 

Table n. Besults of Serologic Tests With Strain BON 


antibody titers 


PATIENT 

AGGLUTININ INHIBITION | 

COMPLEMENT FIXATION 

1 FIRST SPECIMEN 

| SECOND SPECIMEN | 

[ FIP.ST SPECIMEN 

| SECOND SPECIMEN 

1 

48 

512 

192AC* 

448 

o 

44 

12 

16 

12 

24Ac 

4 

8 

6 

16 


7 

8 


12 

576 

8 

6 

8 

5 

6 

9 

6 

6 

10 

5 

10 

12 

512 

10 

768 

11 

16 

16 

32 

20 

IS 

16 

12 

40Ac 


' 20 

24 

16 

20 

20 

21 

3 

16 

2 

24 

22 

16 

12 

6 

5 

25 

32 

32 

12 

12 

26 

8 

8 

10 


37 

8 

48 

20 

96 


*Ac, Anticomplementary in lower dilutions. 


Of particular interest is the demonstration of definite rises in antibody 
titers against the BON strain in Patient 21. In this respect the BON strain 
"as similar to the IV C and MF strains and unlike the Lee and MB strains. 
Tests were also done on the sera of six other patients with influenza including 
those from four (Patients 1, 7, 10, and 37) in whom definite rises in antibody 
titers had been elicited with the other type B strains and those from two others 
(Patients 25 and 26) in whom rises in antibody titers were not demonstrated. 
Similar results were obtained with the BON strain in eaeh instance. The 
remaining eight persons whose sera were tested included two who were con- 
sidered to have “colds” (Patients 9 and 22), one who had diarrhea (Patient 
12), and five healthy contacts. The results obtained with the BON strain in 
the sera of these individuals also were essentially the same as those obtained 
uith the other type B strains. 


DISCUSSIOX 

Among the present cases the serologic evidence clearly indicates that in- 
uenza B was the predominant if not the only vims implicated in the influenza 
- ^ f Needham. Evidence suggesting that probably only type B influenza 
curred during the same period in Boston has also been obtained serologically 
iwj Lrom the onl - v successful isolation of virus from patients with acute in- 
™ f e ? Cnenccs wcre a1so ported from other localities at the 
time. • In a boys’ school located several miles north of Boston, however 
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an outbreak occurred during January, 1946, which was proved serologically to 
be due to influenza A, and no cases of influenza B infection were identified 
among students at that school.® Furthermore, among sporadic cases of clinical 
influenza which occurred in Boston a few weeks after the peak of epidemic 
prevalence of influenza B, several were identified serologically as influenza A. 
Included among the latter were persons who had previously suffered an illness, 
which was proved serologically to he influenza B during the epidemic, and were 
thus instances of consecutive infections with two distinct viruses* Isolation of 
influenza A virus during December, 1945, was reported from Illinois, 10 and both 
influenza A and B infections were demonstrated in Australia earlier that year. 

The findings in Family W in which three seemingly typical cases of clinical 
influenza yielded negative serologic results have not been explained. These 
eases occurred during the height of the epidemic and one of them was in a 
pupil at the Junior High School. The cases may have been somewhat less severe 
than most of the others that were studied. Since a virus was not isolated 
from any of these cases, the possibility cannot be excluded that they bed re- 
sponded in a highly specific manner to their own strain but not to the related 
strains of influenza B virus used in this study. On the other hand, they may 
represent infections with a totally different virus or, what seems more likely, 
failures to respond with a rise in antibodies to typical strains, as AIngill and 
Sugg 12 have shown in some eases of influenza A infection. 

During the present outbreak in Needham, Mass., as well as in Boston and 
elsewhere, there were many patients witli predominantly gastrointestinal symp- 
toms interspersed among those with epidemic influenza. Some of these patients 
with so-called “intestinal flu” also had fever and other systemic symptoms such 
as malaise, headache, and prostration, which made it difficult to exclude the 
diagnosis of clinical influenza. The four eases included in this study and sev- 
eral others which were studied in Boston during the same time all failed to 
yield any definite serologic evidence of influenza by the development of anti- 
bodies to any of the viruses used in this study, in spite of close association o 
most of them with proved cases of influenza B. 

Cases of common cold and other undifferentiated respiratory infections arc 
always prevalent during the season when influenza outbreaks occur, and it lS 
not always possible to distinguish isolated cases from those of influenza on 
purely clinical grounds. In the present study the four cases which clinically 
were considered to he common colds all failed to respond to their infection 
with a rise in antibodies to any of the viruses used, and the same was true o 
several additional cases studied in this laboratory during the same period- 
There were other eases, however, in which clinical differentiation was difficult 
and some of them proved serologically to be influenza B. The number of 
individuals of this type and of those with intestinal manifestations was too small 
to warrant any final deductions as to their relation to the prevalent influenza 
virus infections. 

The same also may be said of the observations made on influenza anti- 
bodies in the healthy family contacts of patients with proved influenza B. The 
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present studies reveal no clear evidence of inapparent infection in these in- 
dividuals, unless the slight rises in antibody titers can be interpreted in that 
way. Nor was any evidence found to indicate that the healthy contacts were 
protected by virtue of an adequate antibody content in their blood. These 
negative results may be a reflection of a type of resistance to infection among 
these contacts which could not be measured serologically with the available 
viruses or they may indicate an inapparent infection with an inadequate anti- 
body response or with a strain of virus having low infectivity or low antigenicity 
in these individuals. Inapparent infections with influenza A as manifested by 
the development of antibodies in the absence of symptoms have been reported, 13 ' 16 
and influenza A virus has been isolated from apparently normal human contacts 
during an epidemic of influenza. 18 Serologic tests on contacts of patients with 
influenza B infections in an institutional outbreak in 1939 indicated an incidence 
of subclinical infection equal to that of clinical infections. 11 

Evidence was obtained which suggested antigenic differences between the 
recently isolated strains and the Lee strain of influenza B. Some cases which 
failed to show a rise to the latter reacted with a characteristic antibody response 
to some of the former. On the basis of the very meager evidence on Patient 
21, together with the results on Patients 18 and 27, the strain JIB from the 
Needham ease appears to be antigenically similar to the Lee virus, whereas the 
strains JVC and JIP are more like the BON strain. There also was suggestive 
evidence of discrepancies between the antibody titers obtained by inhibition of 
hemagglutination and by complement fixation with the same viruses. The dis- 
crepancies were more frequent and more consistent (that is, the inhibition titers 
were always much higher) with the PR8 strain than with the B strains. With 
ihe latter viruses some titers were higher with one test and some with the 
other. These may be related in some way to the differences in antigenic com- 
ponents of the viruses as described by Wiener and associates. 18 


SUMMARY AND COXCLUSIOXS 

1- Serologic studies were carried out in cases and in family contacts during 
: *' 1 °wtbreak of influenza which occurred in Needham, Mass., during mid- 
•Jeecmber, 1945. 

• f 2 ‘- Tlle . t - v P ical eases of influenza, with three exceptions, yielded evidence of 
m ection with influenza B by a rise in titer of antibodies. The three exceptions 
"ore all individuals in the same family. 

3 - So ™e of the eases showed a rise in antibodies when tested with two 

• tains of influenza B recently isolated from cases in Boston hut failed to show 

• c i a rise m the same sera when tested with the Lee strain of influenza B and 

i a strain isolated from one of the eases in Needham. 

11 til’ Araon " lllc family contacts of the serologically proved eases of influenza 
mon f T' who had s - vm P toms which were more like those of the com- 

fover n„d without feVCr) and four others who bad low grade 

infW, S"t 7 gaStr ,° intCSt J nal Symptoms - No serologic evidence of 
' m,s mfection was obtained in any of these individuals. 
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5. Healthy family contacts of the proved cases of influenza B also failed 
to show significant rises in antibody titers in their sera for any of the strains 
of influenza B virus used or for the PBS strain of influenza A, but slight rises 
were elicited in some of them. 

6. There were some discrepancies between the titers obtained in the same 
sera by inhibition of hemagglutination and by complement fixation test with the 
same virus. These discrepancies were more frequent with the PK8 strain, 
and when they occurred, the agglutinin inhibition test with this virus gave 
the higher titers. Some sera gave higher titers in this test with the B strains, 
but more gave higher titers with the complement fixation test. 
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THE EFFECT OF ANTIHISTAMINE DRUGS UPON SERUM- 
INDUCED MYOCARDITIS IN RABBITS 

Prxnkuk A. Kyser, M.D., Johx C. McCarter. M.D.. and James Stengle, M.D. 

Evanston; III. 

'T'HE recent work of Ricli and Gregory 7 upon the role of hypersensitivity in 
I rheumatic fever once again lias focused attention upon a problem that has 
perplexed' investigators for many years. Before discussing the work to be pre- 
sented in this paper, it would seem advisable to review briefly some of the 
pertinent contributions on this subject. 

Swift 10 pointed out in a classic paper in which a complete review of the 
literature is given that the histologic picture of rheumatic fever may vary in 
different individuals, just as does the clinical picture, and that a patient who 
has had a rheumatic infection reacts more profoundly to the etiologic agent 
than does the individual who never has had rheumatic fever. He believes that 
this reaction is the result of a state of hypersensitivity. In a later communica- 
tion Swift and co-workers 11 describe attempts to diminish the state of hyper- 
sensitiveness in rheumatic fever by giving repeated injections of a specific 
streptococcal vaccine. These workers believe that “if by this means of im- 
munization the natural resistance of the tissues can be so enhanced that subse- 
quent infection is met and tolerated with only a minimum of injury, the method 
will have been justified.” 

Gross and associates 4 attempted to produce rheumatic-like lesions by in- 
jecting various strains of streptococci isolated from patients with rheumatic 
fever into experimental animals. Their criteria for a diagnosis of experimental 
rheumatic fever were -. (1) the Aschoff body, (2) noubaeterial pericarditis, and 

(3) nonbactevial verrucous endocarditis. These authors were unable to meet 
the criteria in their experimental lesions, and they stated that other workers 
I had been too lax in their interpretation of results. The present paper also points 
°ut that perivascular accumulations occur in the normal rabbit heart. 

,• Clark and Kaplan- presented a summary of the evidence that anaphylactic 
- vascular lesions induced in animals are very similar to the histologic changes 

( occurring spontaneously in rheumatic fever, periarteritis nodosa, and scarlet 

/ e ' er - authors present the pathologic findings in two cases of serum sick- 
> «esx aud suggest that the lesions are the result of a hypersensitive state. Rich 0 

in a hiter paper again emphasized the role of anaphylactic hypersensitivity in 
Patients who developed periarteritis nodosa following serum sickness. 

In 1943 Rich and Gregory* published evidence that lesions resembling 
Periarteritis nodosa can result from injections of sterile unpreserved horse 

SrnT ^ t0 f abbits : 111 fhe same year work was presented in which lesions 
- — t0 r heumatie carditis were produced in rabbits by a similar method. 

the Departments of Medicine and Pathology. North- 
Received for publication, Jan. 30. 1S47. 
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Rich and Gregory 7 state that “the valvular and myocardial lesions which in 
their situation and basic characteristics conform so closely with those of rheu- 
matic carditis that we believe they may provide a fair measure of support for 
the view that the specific rheumatic lesions may themselves be manifestations 
of an anaphylactic hypersensitive reaction.” In this study eleven out of 
thirty-six rabbits developed rheumatic-like changes in the hearts. Rich ami 
Gregory 7 describe in detail the characteristic cardiac lesions of rheumatic car- 
ditis and discuss ten major points as evidence that rheumatic lesions are hyper- 
sensitive in character. The histologic changes which were produced by Rich 
and Gregory were: (1) lesions similar to Aschoff bodies with the presence of 
Anitschkow myocytes or cells similar to them, (2) focal accumulations of mono- 
nuclear cells and' large basophilic cells similar to those that characterize the 
Aschoff body, and (3) nonspecific lesions consisting of edema, round cells, 
and polymorphonuclear leucocytes. 

Pox and Jones 3 repeated the work of Rich and Gregory and produced le- 
sions similar to those of rheumatic carditis in twenty out of thirty rabbits. 
Robinson® was unable to produce cardiac lesions in ten rabbits injected with 
sterile horse serum ; however, it must be noted that the animals in this work 
were killed in seven to twenty days, which probably accounts for the result 
obtained. 

In 1945 Aikawa 1 summarized very completely the literature on this entire 
subject and discussed many papers which have not been mentioned in this 
presentation. 


PRESENT STUDY 

In the work herein reported the primary consideration has been to produce 
lesions in the rabbit heart according to the method of Ricli and Gregory 8 and 
to note the effect of certain drugs upon the development of such lesions. b° 
claim is made that the lesions are characteristic of rheumatic fever, although m 
many instances the changes produced bear a striking resemblance to the his- 
tologic picture of acute rheumatic carditis. 

Thirty-nine young adult rabbits were used in our study. Of this group, 
nine animals died before the expei’iment was completed and the hearts of three 
of these nine were examined. However, our results are compiled only on those 
animals that lived throughout the entire study. 

Sterile unpreserved horse serum was injected' intravenously into rabbits 
according to the method of Rich and Gregory. 8 In one group of animals serum 
with preservative ivas used, and this fact will be emphasized in the results pre- 
sented herein. 


The animals were divided into the following groups: 

Group I. Twelve rabbits received serum alone. 

Group II. Nine rabbits received serum plus 2 mg. of beta dimethyl 8- 
minoethyl benzliydryl ether hydrochloride (benadryl) two times daily subcu- 
taneously throughout the duration of the experiment. 
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Group III. Sis rabbits received serum plus 10 mg. of benadryl per kilo- 
ram of body weight two times daily subcutaneously throughout the duration 
f the experiment. 

Group IY. Nine animals received serum plus an experimental drug- 
rhich has been shown to have antihistamine qualities, as measured by the Loew 
nstamine spray test and by giving protection against anaphylaxis in guinea 
figs. Throughout the remainder of this paper the drug will be named No. 
1627. The dosage was 3 mg. per kilogram two times daily subcutaneously. 

Group Y. Three rabbits received serum alone and were used as controls 
lor Group IY. In Group IV and Y the third, or shocking, dose of serum con- 
tained a small amount of preservative, the significance of which is not known. 
For this reason the series of controls is kept in a separate group. 

RESULTS 

The results are summarized in Tables I to V. 

Group I. Serum alone. Ten rabbits developed marked cardiac lesions. 
One rabbit developed moderate lesions. These consisted of the following types 
of changes: 

1. Pericapillary and periarteriolar collections of lymphocytes and mono- 
cytes with occasional polyunorphonuclear leucocytes. In many sections small 
areas of necrosis were found adjacent to blood vessels, surrounded with mono- 
nuclear cells, which resembled the Aschoff body. In many vessels the entire 
irall of the vessel was infiltrated with cells. Endothelial proliferation was 
marked, and in some sections hyalinization of the vessel wall was evident. Peri- 
arteriolar proliferations of fibroblasts frequently were present. 

2. Scattered areas of hyalinization of muscle fibers. 

3. Loose infiltrations with small round cells scattered between muscle fibers. 

4. Occasional areas of vacuolar degeneration of fibers. 

These changes are demonstrated in Figs. 1 to 6. 

Group II. Serum plus benadryl. Four rabbits revealed no lesions or 
minimal changes. Two rabbits developed moderate cardiac lesions. In this 


— 

Table I. 

Group I Serum Alone 


_ &ABBIT 

WEIGHTIN' 

GRAMS 

DURATION OF 
EXPERIMENT 
(DAYS) 

RHEUMATOID lesions 

1 

1,939 

29 

Marked 


1,591 

29 

Marked 

o 

1,932 

29 

Marked 


2,433 

29 

Marked 

U 

2,251 

28 

Marked 


3,400 

28 

Animal died; not examined 

042 

643 

644 

645 

047 

3,747 

27 

Marked 

2,000 

29 

Marked 

2,000 

29 

Marked 

2,500 

29 

Marked 

2,450 

29 

Moderate 


1,700 

29 

Marked 

•Developed by 

G. D. Searle & Company, Chicago. 111. 
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'table IT. Group II Serum Pi, us Benadryl (2 Mo. Twice Daily) 


BBIT 

WEIGHT IN- 
GRAMS 

duration of 
EXPERIMENT 
(DAYS) 

s 

1,933 

31 

9 

■ 1,800 

31 

10 

2,240 

31 

11 

1,962 

4/28/46 

to 

1 

12 

1,700 

4/28/46 

to 

f 

13 

2,005 

4/2S/46 

to 

t 

14 

2,580 

30 

15 

2,430 

30 

16 

2,500 

30 


RHEUMATOID LESIONS 


None 

None 

Moderate 

Animal died; not examined 
Animal died; not examined 
Animal died; not examined 


Very slight 

Moderate 

None 


Table in. Group III Serum Plus Benadryl (10 Mg. Per Kilogram Twice Daily) 


WEIGHT IN- 
GRAMS 


DURATION OE 
EXPERIMENT 


RHEUMATOID LESIONS 



Table IV. Group IV Serum Plus Drug No. 1627 


duration or 
experiment 



Table V. Group V Serum alone 


duration or 

EXPERIMENT 

(DAYS) 

6 
;6 
!6 


rheumatoid lesions 
Very slight 
Marhc-d 
Marked 
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Group V. Serum alone (o act. as controls J'or Group IV. Two rabbits 
developed marked cardiac changes and one animal showed only slight changes. 


DISCUSSION 

From the literature reviewed and from the results herein reported, one is 
justified in stating that cardiac lesions may be produced in rabbits by the proper 
intravenous administration of horse scrum. Gross and co-workers'* state that 
perivascular infiltrations may occur in normal rabbits. In the present study. 



Fig-. 3 . 


Fig. 3.— Lesion simulating an Aschoff body adjacent 
Fig. 4 . — Lesion simulating an Aschoff body adjacent 


to arteriole 
to arteriole 


Fig. 4 . 

(X-150). 

(X5I0). 


only a very occasional perivascular lesion was found in the animals that re- 
ceived benadryl and drug No. 1627. The control animals showed rather ex- 
tensive lesions. We therefore feel that even if perivascular lesions do occa- 
sionally occur in the normal rabbit heart this fact does not alter the results of 
this experiment. Miller’ has stated that 60 per cent of normal rabbit hearts 
will show cellular infiltrations between the muscle fibers. This may be true 
and, if so, will in no way change the evaluation of the results of this work, 
since most of our emphasis has been plaeecl on the presence of vascular and 
perivascular lesions. 
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V 

The similarity of the changes found in our control groups to the cardiac 
lesions of acute rheumatic carditis is striking. Since two antihistamine drugs 
have been shown to impede the development of these cardiac lesions in rabbits, 
it would seem advisable for further experiments to be carried out in an effort 
to determine the relationship of rheumatic fever to a hypersensitive state. 



F ‘S- 5. Fig. 6. 

— Infiltration around and into wall of artery by 1 lymphocytes, monocjtes, and 
inues, organizing thrombus is present in lumen of \essel (XS>JO), 
rig. 6 — Fenartenolar infiltration (X500). 

SUMMARY 

Evidence is presented that benadryl and drug No. 1627, two antihistamine 
gs, will impede the development of serum-induced myocardial lesions in 
hs. A brief review of the pertinent literature is included. 

CONCLUSIONS 

h Myocardial lesions may be produced in rabbits by the injection of sterile 
0rse seruru according to the method of Rich and Gregory. 

- Benadryl and drug No. 1627 are effective in impeding the development 
01 tcese lesions. 
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evidence for the activity of a second member of the 

VITAMIN M GROUP (FERMENTATION FACTOR) IN SPRUE 

A Case Report 

Edgar Jones, M.D., Henry F. Warden, M.D., and 
William J. Darby, M.D., Ph.D. 

Nashville, Tenn. 


INTRODUCTION 


I N THE group of substances 1 loosely referred to as “folic acid” there are at 
least three related chemical compounds: (1) pteroylglutamic acid 2 (PGA), 
■which has been synthesized and widely employed clinically and which is identical 
with the liver Lactobacillus casei factor 3 ; (2) pteroyldiglutamylglutamic acid, 2 
an L. c-asei factor which was isolated from “a fermentation residue,” and, hence, 
was termed “fermentation factor,” 1 and which has not yet been available for 
widespread clinical testing; and (3) pteroylhexaglutamylglutamic acid 5 or 
vitamin B c conjugate, isolated from yeast 6 and tested clinically in a limited 
number of patients. 7 * 9 ’ 14 Our initial hypothesis that vitamin M deficiency in the 
monkey is the experimental analogue of sprue in man 10 ’ 11 was based in part on 
the demonstrated activity of pure fermentation factor or pteroyldiglutamyl- 
glutamic acid in the vitamin M-deficient monkey and the demonstration of the 
activity of the related simpler compound, pteroylglutamic acid, in patients with 
sprue. It has since become evident that this simpler substance (PGA) possesses 
activity in the monkey. 15, 13 Suarez and co-workers 14 have reported a patient 
with sprue who was successfully treated with 4.9 mg. of pteroyltriglutamic acid 
daily intramuscularly. Castle and associates 15 reported that this material was 
inactive in patients with pernicious anemia, while Goldsmith 16 has found that 
>t possessed some activity in a patient with nutritional macrocytic anemia. In a 
preliminary note, Spies 17 stated that a patient with pernicious anemia had ex- 
hibited a slight reticulocyte response following the administration of fermenta- 
tion factor. We have had a sufficient quantity of isolated crystalline fermenta- 
bon factor* to test its activity in one patient with sprue. Our experience with 
this case supplies additional evidence for the hemopoietic activity of the factor 
m this latter condition. Inasmuch as this isolated product is available in but 
united quantities and our present supply is exhausted, it appears worth while to 
report this single case. 


Medlclm? 111 016 Departments of Medicine and Biochemistry, Vanderbilt University School of 

t^Port^is'k „°r. studies dealing frith the effects of the vitamin M group, of which this 

Eomia R *ilt Dort t 0 ?i Unsupported by grants from the National Vitamin Foundation, the Nutrition 
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CASE REPORT 

A 52-year-old white woman entered Vanderbilt University Hospital Dec. 19, 1946, with 
tho complaint of recurrent diarrhea of seven months’ duration. There had been eight to 
twelve bowel movements daily for periods of several days to several wcehs followed by intervals 
of four or Jive dar’S free of diarrhea. Tho diarrhea was associated with lower abdominal 
cramping. Tho stools were described as watery to mushy, of increased bulk, yellow in color, 
and very foul in odor. Tarry stools had not been noted and gross blood had not been seen. 
Thero had been no jaundice, nausea, vomiting, or food intolerance. Moderate anorexia was 
present. Over the seven-month period there had occurred a weight loss of SO pounds. 

During tho four months prior to admission tho patient had noted progressive weakness, 
pallor, exertional dyspnea, and periodic soreness of the tongue. The weakness and dyspnea 
ultimately confined her to bed for the month preceding admission. Thero hnd been swelling 
of the lower extremities and the eyelids for three months and increasing grayish pigmenta- 
tion of the hands, arms, and lower legs. No history of excessive blood loss was obtained. 
Tho patient’s diet had consisted of milk, corn bread, turnip greens, and a few other vegetables; 
it hnd included very little lean meat. 

Physical examination revealed an extremely ill woman lying flat in bed; she had marked 
pallor and pronounced generalized wasting of the subcutaneous and muscular tissues. She 
weighed 120 pounds (54.4 kilograms). The skin was loose, dry, scaly, and of a grayish 
appearance about the face, neck, arms, hands, and the lower portion of tho legs. A few 
scattered petechiae were present. Tho hair was dry and without luster. The retinas revealed 
several small hemorrhagic areas both old and recent. The mucous membranes were pale. The 
mouth was edentulous. The filiform papillae were atrophic along tho margins of the tongue. 
No abnormality of the lungs was detected. The heart was diffusely enlarged and a loud, 
low-pitched, blowing systolic murmur was audible over the entire prccordium, with tho point 
of maximum intensity in tho fourth left interspace. The blood pressure was 98/60 and the 
pulse rato was 98 beats per minute. There was moderate thickening of the peripheral vessels. 
Tho abdomen was protuberant and some tenderness was present in both lower quadrants. The 
liver and spleen were not palpable and no abdominal masses were detected. Several small 
hemorrhoids were noted. Moderate pitting edema was present over the sacrum and the upper 
and lower extremities below the elbows and knees, respectively. The tendon reflexes were hyper- 
active. The ability to accomplish fine movements of the fingers was impaired and vibratory 
sense was diminished at the wrists and over the lower extremities. The plantar responses were 
flexor. 

The data for the erythrocyte and leucocyte counts, reticulocytes, hemoglobin, and packed 
cell volume are given in Fig. 1. A differential count of the white blood cells showed the 
following percentages: segmented neutrophiles, 79; lymphocytes, 14; monocytes, 5; band 
forms, 1 ; and eosinophiles, 1. The platelets were scarce and the red blood cells showed marked 
anisocytosis and poikilocytosis. Aspirated sternal bone marrow revealed 6 per cent megalo- 
blasts and 16 per cent erythroblasts, a picture compatible with a diagnosis of sprue or 
pernicious anemia. Gastric analysis revealed a histamine refractory achlorhydria. Other 
laboratory findings included: icteric index, 5; serum albumin, 2.58 Gm. per 100 c.c.; serum 
globulin, 2.16 Gm. per 100 c.c.; serum calcium, 7.9 mg. per 100 c.c.; and serum phosphorus, 
2.4 mg. per 100 c.c. The stool fat content was 62 per cent of the dry weight. Repeated stool 
examinations revealed no occult blood, ova, or parasites, and no pathogenic organisms were 
found upon culture. The erythrocyte fragility did not differ from that of the control. The 
tourniquet test produced a few scattered petechiae. Prothrombin time was 41 per cent of 
normal. A cephalin flocculation test was negative after twenty-four hours and the thymol 
turbidity test showed 5 units. Serum levels of vitamins were as follows: vitamin C, 0.1 mg. 
per 100 c.c.; vitamin A, 39 I.U. per 100 c.c.; carotene, 9 to 16 p g per 100 c.c.; and tocopherol, 
0.45 mg. per 100 cubic centimeters. The vitamin A tolerance test following the oral 
administration of 200,000 I.U. of vitamin A was as follows: three hours , 43 I.U. per 100 
c.c.; five hours, 51 I.U. per 100 c.c.; and nine hours, 46 I.U. per 100 'cubic centimeters. A 
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tocopherol tolerance^ performed simultaneously with the vitamin A tolerance yielded a flat 
“ curve ' ’ with values as follows: fasting, 0.45 mg.; three hours, 0.43 mg.; five hours, 0.38 
nig.; and nine hours, 0.45 milligram. A glucose tolerance test was invalidated because of 
the accidental simultaneous subcutaneous administration of 1.5 mg. of histamine. 



A diagnosis of sprue was made and on the second hospital day the patient was started 
on 5 mg. of fermentation factor intramuscularly twice daily. On the third day of therapy 
the reticulocyte count rose to 3.6 per cent, and on the fourth day a peak of 3S.2 per cent was 
reae cd. The other hematologic data are presented in Fig. 1. On the second day of therapy 
io patient experienced a sense of well-being and considerable increase in appetite. On the 
°w ' JC “' nnin G regeneration of the lingual papillae was noted. During the reticnlo- 
V 0S1S t 10 c ' lctr-a was pronounced, to subside within the next six days simultaneouslv with a 
crease weight loss (Fig. 1). On the sixth day of therapy the stools were reduced in number 
left it ° r Uvo . por <3a - v - 0n { he seventh hospital day the patient complained of pain in the 
g associated with tenderness over the femoral triangle. This was associated with 
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increased edema of this extremity, but there were no changes in skin temperature, color, or 
sweating. Homan’s sign was negative. A lumbar sympathetic novocain block provided no 
reliof. The pain and edema gradually subsided with elevation of the extremities. 

A total quantity of 83 mg. of tho fermentation factor was administered during the nine 
days. No additional therapy was instituted until on the thirteenth day of therapy when the 
patient left tho hospital under protest becauso she wished to return home. She was discharged 
on 5 mg. of PGA daily by mouth. Continued evidence of hemoregenerntion has occurred. 

Prom tho beginning of her hospital stay tho patient exhibited fever; tho temperature 
ranged from 100 to 100.0° Fahrenheit. Penicillin was administered in doses of 25,000 units 
every three hours for ten days at the end of which time the temperature became normal. 

DISCUSSION 

This ease met the criteria which we have employed in the diagnosis 
of sprue. 10 ’ 10 The patient gave no history of having received previous 
therapy with liver, and she was maintained during the hospital stay on a 
diet free of organ meats. The sole hemopoietic agent administered was the' 
pteroyldiglutamylglutamic acid. While spontaneous remissions can occur in 
sprue, the character and timing of the hematologic changes and the simultaneous 
clinical improvement indicate convincingly that this remission was due to the 
administered fermentation factor. It is not valid to attempt to make a quantita- 
tive comparison of the response of this patient to the fermentation factor with 
the expected or standard response of other patients, inasmuch as the course was 
complicated by thrombophlebitis which may have reduced the height of the 
maximum reticulocyte response and also the rate of regeneration of red cells. 
The response exhibited by our patient demonstrates that a patient with sprue 
who had not been treated previously with liver extract has responded to the 
fermentation factor, thus supplying the conclusive evidence called for by 
Suarez and associates 14 of the activity of this substance in sprue without “the 
participation of exogenous factors of liver extract.” This finding, together with 
the similar clear-cut response of a patient with nutritional macrocytic anemia 
reported by Goldsmith, 16 indicates that this member of the vitamin M group is 
hemopoietically active for man as well as for monkeys. 

The activity of crystalline fermentation factor in sprue is additional evi- 
dence in favor of the hypothesis 10 ’ 11 that vitamin M deficiency in the monkey 
is the experimental analogue of sprue in man. Since both sprue and nutritional 
macrocytic anemia respond to fermentation factor, this is a further link in the 
evidence for the similarity of these two syndromes. 

SUMMARY 

A patient with sprue was treated intramuscularly twice daity with 5 mg. 
of fermentation factor (pteroyldiglutamylglutamic acid). A total quantity of 
83 mg. was given over a period of nine days. A maximum reticulocytosis of 
38 per cent occurred on the fourth day of therapy. This was accompanied by a 
rise in erythrocyte count and hemoglobin and clinical improvement. 

These results furnish additional evidence of the activity of this member 
of the vitamin M group in man and of the correctness of the hypothesis that the 
experimental analogue of sprue is vitamin M deficiency in the monkey. 
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TI-IIO URACIL AND PROPYLTHIOURACIL : A COMPARATIVE 
' CLINICAL STUDY 


William II. Beikrwaltes, M.D., and Cyrus C. Sturgis, M.D. 

Ann Ardor, Mich. 

E XPERIMENTALLY, Astwood and Vander Laan 1 found propylthiouracil 
to be ten times more effective than thiourncil by weight as a goitrogenic 
agent in rats. Because of this increased effectiveness, propylthiouracil has been 
used in smaller doses- than thiouracil to produce the same change in thyroid 
physiology without incurring such a high incidence of toxic reactions to the drug. 
On the other hand, we have shared with Bartels 3 the clinical opinion that propyl- 
thiouracil in the doses used at present is not as effective as thiouracil. Before 
increasing the dosage of propylthiouracil in our thyrotoxic patients, we decided 
to analyze our results to date statistically to prove or disprove this clinical 
opinion. In general, the results of this analysis presented herein do not indicate 
that an increase in propylthiouracil dosage over 150 mg. per day is advantageous 
in the treatment of thyrotoxicosis. 

MATERIAL 

Since March, 194G, we have used propylthiouracil as the initial form of 
treatment in forty-two thyrotoxic patients for a minimum period of six weeks. 
The distribution of patients treated with this drug, according to the number of 
months, in demonstrated in Table I. 

Pertinent data necessary to compare the response rate of the two groups 
treated are presented in Table II. Other factors not listed in this table were 
identical in these two groups, since we directed the treatment in each group 
in the same manner but, starting in March, 1946, merely changed from thiouracil 
to propylthiouracil in the initial treatment of thyrotoxic patients. The general 
plan of treatment has been outlined in previous publications. 4 ' 7 

Examination of Table II reveals major discrepancies at three points in these 
comparative data. In our opinion, the difference in the number of patients 
treated will not invalidate a comparison because ( 1 ) a statistical analysis of the 
first forty-seven patients treated with thiouracil 4 was not significantly different 
from the final analysis of the entire group of ninety-eight patients presented 
here and (2) we have continued the comparative graphs to be presented later in 
this paper only to the end of the first six weeks of treatment so that a maximum 
number of points would determine the position of the right end of the propyl- 
thiouracil line. The 25 per cent difference in the number of patients hospitalized 
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Table I. Distribution of Patients Treated With Propylthiouracil by Number of 

Months 


MONTHS 


TATIENTS 

1 to 2 


12 

2 to 4 


15 

4 to 6 


12 

6 to 8 


3 

Table II. Factors Affecting Comparison 

of Thiouracil- 

AND PROPYLTHIOURACIL-TP.EATED 

Grouts 



thiouracil 

PROPYLTHIOURACIL 

Number of patients 

98 

42 

Per cent hospitalized initially 

76 

50 

Average period of hospitalization 

5.5 wk. 

5.4 wk. 

Average initial B.M.R. per cent 
Average frequency of B.M.R.s 

3S 

41 

Inpatients 

1 per wk. 

1 per wk. 

Outpatients 

1 per 1.5 

mo. 1 per 1 mo. 

Per cent of nodular goiters 

39 

40 

Average dose 

0.6 Gm. 

0.150 Gm. 


initially in each group is insignificant in view of the graph comparing the results 
in each hospitalized group. The marked difference in drug dosage then is the 
only significant variable between the two groups. 


RESULTS 


The following graphs (Pigs. 1 to 3) summarize the results of statistical 
comparison of the group of ninety-eight patients treated with 0.6 6m. of 
thiouracil per day and the forty-two patients treated with 0.15 Gm. of propyl- 
thiouracil per day. 

Illustrated in Pig. 1 is the fact that the rate of descent of the basal metabolic 
rate in both groups of hospitalized patients is almost identical. In general, the 
clinical change in the patient corresponded to the change in the basal metabolism. 
. . . * s demonstrated in Fig. 2 that in patients treated with propylthiouracil the 
initial response of the thyrotoxic state to treatment accompanied by bed rest is 
greater than when the patient is ambulatory, although the eventual result is ap- 
parently the same. Since all outpatients in our series were urged to spend a 
minimum of twelve hours a day in bed, there might be even greater discrep- 
ancies if the outpatients’ activities were not restricted. It should be noted 
a so that in general we have hospitalized the more severely toxic patients as 
an initial precaution. 

e roum f qU L al rate ° £ r pr0vemeut hl tlle thiouraei] - and propylthiouracil-treated 

opinion Tot 0 '™ ? S - ThiS Similarity o£ res P°nse, in spite of a clinical 
we did n l t 15 remjmscent of our early use of thiouracil." Although 

SilT feel that °- 4 6m - per day of thioxrracil was the optimum dose a 
tatis heal comparison of the patients treated on 0.4 and 0.6 Gm. per dav later 

cd no significant difference in therapeutic effect. It should be noted that 
he basa metabolic rate i„ thyrotode patients in Michigan doe, Vet fall at ft! 
me of 1 per cent per day, as noted by Bartel,, for nation " on tbl l,L t ‘ 
Coast, b„t at a rate of less than , per cent even- Itvo dav, 
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DISCUSSION 

This statistical comparison of the two drugs indicates that 150 mg. of 
propylthiouracil per day is an adequate dose for most thyrotoxic patients. The 
only toxic reactions we have observed in nine months of use of this new anti- 
thyroid agent are (1) drowsiness during the first two weeks of administration in 
about 30 per cent of the patients and (2) aeneform dermatitis of the face in one 
patient, which disappeared when the dosage of the drug was reduced by 50 mg. 
per day. The lack of toxic reactions with this agent in our series is in keeping 
with the observation of Astwood and Yander Laan. s However, Bartels' men- 
tioned three cases of agranulocytosis presumably due to propylthiouracil. Since 
propylthiouracil lacks toxicity mainly by virtue of its decreased dosage, the 
occurrence of the more severe forms of toxic reactions such as agranulocytosis 
and drug fever might be logically expected if the amount of drug administered 
is increased. Fortunately, our experience indicates that an increase in dosage 
is not necessary to achieve results comparable to those with thiouracil. 


SMRUo rihiouraol Compo.reA tc> AAo^yUAiicvi ro.c\\ 



Fir. 3. 


SUMMARY 

1. A statistical comparison of ninety-eight thyrotoxic patients treated with 
■ '--im. of thiouracil per day and forty-two treated with 0.15 Gm. of pronvl- 
da >‘ rcvcals Poetically identical effectiveness of the two drugs ‘in 
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2. An initial period of bed rest coupled with the administration of propyl- 
thiouracil is accompanied by a greater favorable initial response than in the 
ambulatory-treated patient, although the end result appears to be the same. 

3. In Michigan the average rate of response of the basal metabolic rate of 
thyrotoxic patients treated with either dmg is less than a 1 per cent fall every 
two days, in contrast to a fall twice as great reported from the Atlantic Coast. 

4. The incidence of toxic reactions with propylthiouracil is much less than 
with thiouracil. 

5. Severe toxic reactions well might be encountered if the present dosage 
of propylthiouracil is significantly increased. 

6. The available data indicate that 150 mg. is probably the most satisfactory 
maximum dosage of propylthiouracil. 

We are indebted to tho staff of tho Department of Internal Medicine and to Dr. F. A. 
Coller and Dr. B. TV. Buxton of the Department of Surgery for tlioir cooperation in making 
the patients available to us for study. 
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OBSERVATIONS ON THE DIURNAL EXCRETION OF UROBILINOGEN 
IN THE URINE OF NORMAL SUBJECTS AND OF PATIENTS 
WITH LAfiNNEC’S CIRRHOSIS 


Edmund Pellegrino, Arthur J. Patek, Jr., Anne Colcher, and 
Beatrice Domanski 
New York, N. Y. 


T HERE have been many reports on the diurnal variation of urobilin or 
urobilinogen excretion in normal and pathologic states. These studies have 
been performed with techniques differing in sensitivity and reliability and in 
the main on small groups of cases. In 1893 Grimm 1 and in 1897 Saillet - inde- 
pendently showed (1) that the excretion of urobilin during the day exhibits 
two peaks, one in midmoming and the other in midaftemoon and (2) that 
nocturnal excretion of this substance constitutes a very small portion of tbe 
twenty-four hour excretion. Subsequent reports 3-10 are in general agreement 
that the maximal urobilin or urobilinogen excretion takes place in the afternoon 
and that minimal excretion takes place at night. Variations have been attrib- 
uted to digestive and metabolic activity. 

Wallace and Diamond, 10 for example, tested the urobilinogen excretion in 
morning and afternoon urines of 125 medical students. Their method depends 
upon the red color reaction produced by Ehrlich’s aldehyde reagent with uro- 
bilinogen. A rough estimate of urobilinogen concentration is made by diluting 
the urine until the pink color disappears, a dilution of 1 :20 being considered 
the outer limit of normal. Fifty specimens obtained in tbe afternoon showed 
a slightly higher concentration of urobilinogen than seventy-five specimens ob- 
tained in the morning. White and associates, 8 employing the Wallace and Dia- 
mond method, tested for urobilinogen at two-hour intervals during the day in 
fifteen normal subjects. “The variation in the results was found to he moderate 
and all within normal limits. . . . The afternoon specimens showed more uro- 
bilinogen than the morning specimens in about one-half of the eases.” Steig- 
mann and Dvniewicz® determined tbe hourly excretion of three normal subjects 
over a twenty -four hour period. In one subject the maximal excretion was 
at 4 p.m. and in one at 8 p.m., whereas the third subject showed peaks at 
10 a.m. and 4 p.m. In comparing the morning and afternoon urine samples of 
twelve patients with urobilinogenuria from various diseases, Watson and co- 
workers 11 found the concentration of the afternoon specimens to be higher in 
nine of twelve instances. 


Most of the preceding reports are concerned with the relative concentrations 
of urobilinogen excreted in morning and afternoon urine samples. It seemed 
desirable to measure the quantity excreted per unit time as well, since a highly 
concent rated urine might give a false impression of the total excretion. With 
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the introduction by Watson and co-workers 11 of a simplified method for the 
quantitative determination of urobilinogen, it. became feasible to re-examine the 
problem of diurnal excretion of urobilinogen in a series of patients with liver 
disease. It was of practical interest to ascertain (1) whether there is an optimal 
period for urobilinogen excretion and (2) whether the daily pattern of ex- 
cretion is constant in the same patient and in different patients. With this 
purpose the urobilinogen excretion was determined at three periods of the day 
in a series of normal subjects and in patients with cirrhosis of the liver. 

METHOD 

The method employed is essentially that described by Watson and associates' 1 in which 
the Ehrlich color reaction is measured in a photoelectric colorimeter. In our procedure a 
few minor changes wore introduced. Instead of a blank composed of reagents added in 
reverse order, ns employed by these authors, we have employed n blnnk of 22 per cent HC1, 
which is the concentration of HC1 contained in the Ehrlich reagent itself. The procedure 
is as follows: unknown, 2.5 c.c. urine, 2.5 c.c. "Ehrlich Reagent,’’* 5 c.c. saturated sodium 
acetate; blank, 2.5 c.c. urine, 2.5 c.c. 22 per cent HCl,f 5 c.c. saturated sodium acetate. 

It seemed essential to standardize the procedure with reference to time and tempera- 
ture, since these factors influence the intensity of color reaction. The first two reagents arc 
mixed and placed in a water bath at 37° C. for ten minutes. Colorimetry then is performed 
directly after the addition of the sodium acetate solution. The color obtained in this manner 
is generally maximal for the reaction. 

Readings were made with the Klett photoelectric colorimeter with a No. 30 filter} and 
calibrated against tlio Pontacyl violet stock solution described by Watson and associates. 11 

Results are expressed in terms of Ehrlich units per hour (as proposed by Watson), 
since the reaction is not specific for urobilinogen but measures other Elirlich-reacting sub- 
stances as well. These cliromogens are said to parallel roughly the excretion of urobilinogen. 

The subjects of this study were thirty-six hospitalized patients with cirrhosis of the 
liver observed during a period of two years on the Research Service (First Division) of the 
Goldwater Memorial Hospital. The diagnosis was established in each case by history, physical 
findings, and laboratory tests of liver function. All but four cases had the diagnosis con- 
firmed either by biopsy of the liver or by necropsy. Twenty cases were classified, as in 
severe failure and sixteen in moderate failure. All patients were being treated according 
to a dietary regimen previously described. 12 This consisted of a nutritious diet, rich in 
protein and supplemented witli 50 Gm. of brewers’ yeast daily. No fluid or dietary restric- 
tions were imposed preceding or during the test. 

The patients voided at 7 a.m. Urine excreted from 7 to 10 A.M., 10 a.m. to 1 r.M., and 
1 to i P.ir. was then collected in separate bottles. Determinations wore performed on each 
three-hour specimen within fifteen minutes of its collection. In this manner 180 series of 
determinations or a total of 540 single determinations were performed on thirty-six patients. 
The distribution of tests in this group was as follows: thirteen patients had one serial deter- 
mination; five had three or four determinations; ten had five or more; and eight had ten 
or more. , . j 

The control series consisted of thirty-nine healthy subjects who were medical students 
and hospital personnel ranging in age from 20 to 35 years. Fifty-seven tridaily determina- 
tions or a total of 171 single determinations were made. The distribution of tests in this 
group was as follows: twenty-seven subjects had one serial determination; seven had two 
determinations; four had three; and one subject had four. 

*0.7 Gm. p-dimethylaminobenzaldeliyde, 100 c.c. concentrated HC1, 100 c.c. distilled HjO. 

tl50 c.c. concentrated HC1, 100 c.c. distilled H=0. 

fThere is little difference between values obtained with a No. 54 filter and those with a 
No. 56 Alter. The procedure also has been carried out with o Junior Coleman colorimeter at 
565 millimicrons. 
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RESUETS 

The periods of maximal urine urobilinogen excretion both in normal sub- 
jects and in patients with liver cirrhosis are shown in Table I. Theie weie 
fifty-seven serial determinations in normal subjects, of which sixteen were 
highest in the morning, nineteen at midday, nineteen in the afternoon, and tluee 
showed no peak of excretion. In patients with cirrhosis (180 serial tests), sixtj- 
four showed maximal excretion in the morning, fifty -two at midday, and sixt} - 
four in the afternoon. 



Fig. l. Fig. 2. 

Fig. 1. — Diurnal urine urobilinogen excretion in 39 normal subjects. Mean values are 
similar tor the three periods of the day. Few determinations exceed 0.5 unit per hour. 

Fig. 2 — Diurnal urine urobilinogen excretion in 36 patients with liver cirrhosis. The pat- 
torn is similar to that of the normal subjects. Because of a wider distribution or values the 
scale lias been reduced in this illustration. 


The data are presented graphically in Figs. 1 and 2. Each histogram 
shows the number of determinations falling within a given range of urobilinogen 
excretion in units per hour. The distribution of these values does not differ 
significantly during the three periods, either for the normal subjects or the 
patient group. The similarity in the form of the graphs for the three periods 
suggests that no peculiar trend of urobilinogen excretion takes place durum the 
day. ~ 
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Table I. Periods of Maximal Urobilinogen Excretion 


TIME 

normal 

SUBJECTS | 

| PATIENTS WITH LIVER CIRRHOSIS 

NUMBER OF 
INSTANCES 

PER CENT 

NUMBER OF 
INSTANCES 

PER CENT 

7 to 10 A.M. 

10 

29.6 

64 

35.5 

10 A.M. to 1 P.M. 

19 

35.2 

52 

29.0 

1 to 4 P.M. 

19 

35.2 

G4 

35.5 


The mean value of the normal subjects was 0.3 unit per hour. In 95 per 
cent of the tests made on normal subjects, values of 0.5 unit or less per hour 
were obtained. This finding is in agreement with the normal range obtained 
by Watson and co-workers. 11 In the case of liver cirrhosis the mean urinary 
excretion was 0.6 unit per hour. There was a much wider spread of values 
in this patient group, that is, from 0.03 to 5.4 units per hour. Although all 
patients uhth cirrhosis of the liver showed increased urobilinogen excretion at 
one or another time, there were many tests that fell within the normal range. 
In fact, fifty-five per cent of 540 tests on these patients fell within the normal 
range. The need for repeated tests becomes obvious. 

The diurnal urobilinogen excretion of eight patients who had ten or more 
serial determinations made is shown in Table II. In each cose the diagnosis 
of liver cirrhosis was confirmed by biopsy. Two points are illustrated in Table 
II: first, that while some patients favor one period for maximal excretion 
others do not; second, that the pattern of urobilinogen excretion may vary in 
the same patient at different times. 

In general, there was a poor correlation between the severity of liver dis- 
ease and the degree of urobilinogen excretion (Table II). The poor correlation 
stands out in contrast to the experience of others with acute hepatitis in which 
there appears to be close agreement between urobilinogen excretion and the 
activity of the disease process. However, when jaundice was present in patients 
with cirrhosis consistently higher values were obtained. This has been observed 
previously by Steigmann and Dyniewicz. 15 

Morning and afternoon peaks of excretion were noted in only a few in- 
stances. The peaks described by Grimm, 1 Saillet, 5 and Bang 5 were transitory 
and took place two or three hours after meals. Since the present study involves 
consecutive three-hour periods, those sharp variations might, have been neutral- 
ized by the long periods of collection. 

Salen, 4 Bang, 5 and White and associates 8 found no relation between the 
volume of urine and the amount of urobilinogen excreted. Our data tend to 
confirm their findings. However, it appears that urobilinogen excretion can be 
increased by excessive intake of water. This effect was tested in two normal 
subjects. After ingestion of 1,500 c.c. of water one subject showed little, if 
any, increase in urobilinogen excretion on two tests. In another subject the 
urobilinogen excretion after the ingestion of 1,500 and 5,000 c.c., respectively, 
was two and three times greater than that of the preceding control periods. 
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SUMMARY AND CONCLUSIONS 

1. Urine urobilinogen excretion was determined for three successive periods 
of three hours eacli in thirty-nine normal subjects and in thirty-six patients 
with cirrhosis of the liver. 

2. The mean urine urobilinogen excretion per hour was 0.3 Ehrlich unit, 
for the normal subjects and 0.6 for the patients. 

3. The period of maximal urobilinogen excretion varied in the different 
subjects and also in the same subject at different times. 

4. There was a poor correlation between the degree of urobilinogenuria 
and the clinical severity of the liver disease. 
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A COMPARISON OF THE NUTRITIVE VALUE OF THE PROTEINS 
IN MI XE D DIETS FOR DOGS, RATS, AND HUMAN BEINGS 

D. M. Hegsted, Virginia Kent, A. G. Tsongas, and F. J. Stare 

Boston, Mass. 

T HE evaluation of the nutritive value of proteins has usually been done 
with rats, although some data have been collected using other species such 
as the canine, man, and the avian. In general, it is known that the supple- 
mentation of vegetable diets with a high quality protein such as meat causes 
an improvement in the nutritive value of the ration for all species which have 
been studied. The essential amino acids for the rat, human being, dog, and 
chick are similar but not the same. It seems likely that the quantitative rela- 
tionships of the essential amino acids may also vary among the species. Such 
differences, should they oeeur, could only mean that various proteins would 
have different biologic values for different species. The relatively poor nutri- 
tive value of casein for the chick due to its low arginine and glycine content 
is a specific example, but whether such differences occur among the other com- 
mon species of laboratory animals is unknown. 

Biologic value, usually defined as the per cent of absorbed nitrogen re- 
tained in the body, depends upon the amino acid composition of the absorbed 
protein. There may also be species differences in the digestibility of proteins. 
Although the reasons for differences in the digestibility of proteins are ob- 
scure, specific amino acid linkages, proteinase inhibitors, amount of fiber in 
the food, method of preparation of the food or protein, and amount and kind 
of the various proteinases in the digestive apparatus are factors which may 
be involved. There is little reason to believe that all factors would be of equal 
importance in different species. A predominantly carnivorous animal with a 
short digestive tract might be expected to digest the proteins in vegetable 
matter less effectively than predominantly vegetarian species. 

With these theoretic possibilities in mind, several diets which had previ- 
ously been studied with human subjects 1 were fed to rats and dogs. In this 
paper the figures obtained for the digestibility and biologic values in these 
species are compared to those previously reported for man. 


EXPERIMENTAL 


The diets which were examined as protein sources have been previously 
described. 1 The all-vegetable diet called Diet IB contained no animal protein. 
Approximately 50 per cent of the protein in this diet came from white bread 
made without milk solids; other percentages were: 7.6 from corn meal, 4.4 
from vice, 13.3 from potatoes, 16.3 from other vegetables (including lettuce, 
carrots, onions, and tomatoes), and 8.4 from fruits (including orange juice’ 
apple sauce, and peaches). 
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When supplements were added, each constituent of Diet IB was decreased 
by one-third and the amount of protein thus removed was replaced by an 
equivalent amount of protein from the supplement. In this paper the diets 
are identified according to the supplement used, that is, meat, soy flour, wheat 
germ, or bread. 

During the studies on human subjects 1 additional meals were prepared 
and dried at 40° 0. in front of fans. After drying, the mixed diets were 
ground, analyzed for protein by the ICjeldalil method and for fat by ether ex- 
traction, and stored in the refrigerator until used in the present studies. 

Studies With Dogs: Ten dogs were used in these studies. They varied in 
weight from 8 to 15 kilograms and were free from parasites. At the beginning 
of each study they were fed a diet essentially free of nitrogen of the following 
percentage composition: sucrose, 83; cottonseed oil, 9; salt mixture, 2 4; and 
cod-liver oil, 2. Crystalline vitamins® were added to supply 200 y thiamine 
chloride, 400 y riboflavin, 200 y pyridoxine, 1.5 mg. pantothenic acid, 2.5 mg. 
nicotinic acid, and 100 mg. choline per 100 Gm. of diet. The diet was fed in 
amounts to supply approximately 80 calories per kilogram of body weight. 
When the protein supplements were fed, the amount of the nitrogen-free diet was 
decreased proportionately to keep the caloric intake approximately constant. 

In general, the plan followed was to feed the nitrogen-free diet for a 
period of ten to twenty days. The urine and feces were collected during the 
last week. The urine was combined to give composite samples representing 
a three- and a four-day period. The feces were homogenized in a Waring 
blender with water and combined in a similar manner. Charcoal markers 
were used to delimit the feces into appropriate periods. Following the nitrogen- 
free period, supplements of the experimental diets were given. Generally 
supplements of the all-vegetable Diet IB were fed for one week followed by 
a week during which the diet containing meat was used to supply a similar 
amount of nitrogen. During the next week another level of Diet IB was fed 
and following this the meat diet at a similar level, etc. However, in some 
animals only Diet IB was fed, the levels being increased each week. The 
amount of supplement which was given varied from 0.50 to 1.80 Gm. of nitro- 
gen per dog per day. 

Considerable difficulty was met in completing satisfactory studies. The 
diets were apparently not palatable for dogs, at least after a depletion period, 
and many of the dogs went off feed within a few days after the supplement 
was given and had to be discontinued. Thus, more data were collected on the 
all-vegetable Diet IB than on the diet containing meat, and studies on wheat 
germ and soy flour supplemented diets were not attempted with dogs. Studies 
similar to those reported by Allison and Anderson 3 were unsuccessful for 
similar reasons, since the higher levels of the diets were even more difficult 
to feed. 

Studies With Rats: These studies were made with adult male rats. They 
were fed a nitrogen-free diet of the following pei’centage composition : suc- 
rose, 84 ; corn oil, 10 ; salts, 4 ; cod-liver oil, 2 ; and vitamins at the same levels 

•Supplied by Merck & Company. Inc., Rahway, N. J. 
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used in tbe diets for dogs. When supplements were added, these replaced 
sucrose and sufficient com oil to maintain the fat content at 10 per cent. All 
supplemented diets contained 7.5 per cent protein (N x 6.25). 

The experimental procedure was to feed the animals a nitrogen-free diet 
for twenty days, collections being made during the last eleven days in three 
periods of four, three, and four days each, respectively. Following this the 
diet containing protein from the all-vegetable diet was fed for twelve days, 
collections being made the last eleven days in four, three, and four day periods, 
respectively, as before. Then a similar twelve-day period followed during 
which one of the other diets was tested. The food intake during the nitrogen- 
free period was recorded and a like amount fed during the other periods. By 
this procedure each supplemented diet was compared to the all-vegetable diet. 
Twelve rats were used for each experiment. 

Biologic- values and digestibilities were calculated in the conventional 
manner. Digestibility is the per cent of fed protein absorbed and biologic 
value the per cent of absorbed nitrogen retained. 

Studies also were made using young growing male rats (average weight 
45 grams). In one experiment groups of six rats each were fed ad libitum 
on diets containing 7.5 per cent protein of a similar composition to those used 
for adult rats. In a second experiment using the same number of animals, 
each six animals of comparable weight receiving the different diets were re- 
stricted in food intake to the amount eaten by the animal having the lowest 
intake. This was usually the animal receiving the unsupplemented diet, but in 
some instances the bread-supplemented diet produced the least gain and food 
intake. In this study all the diets contained 9.6 per cent protein. 


RESULTS 

The results obtained with dogs are shown in Table I. The average results 
indicate an increase in digestibility and of biologic value of approximately 
10 per cent by tbe inclusion of meat in the diet. The standard deviations are 
large for each value, especially of those for biologic value. It is our impres- 
sion that there is a great variation in the ability of dogs to “handle” diets 
such as those which are high in vegetable matter. 


Table L 

Digestibility and Biologic Value of Diets foe Adult Dogs 

SETTLEMENT 

I DIGESTIBILITY ] 

1 BIOLOGIC VALUE 

TO 

NUMBER OF 

AVERAGE ± 

NUMBER OF 

AVERAGE + 

DIET IB 

TESTS 

STANDARD DEVIATION 

TESTS 

STANDARD DEVIATION 

None 

27 

80.0 ± 7.7 

16 

67+21 

Meat 

11 ' 

90.3 ± 7.1 

11 

77 ±14 


The data from the adult rats are shown in Table II. These data were 
treated somewhat differently than those from the dogs, since for each rat data 
were available on the all-vegetable diet for comparison with the supplemented 
diet. The values obtained for Diet IB in each experiment involving twelve 
rats are recorded, and the significance of the difference between this value 
and the observed value for the supplemented diet is given. It mav be noticed 
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Table II. Digestibility and Biologic Value for Adult Rats of Supplemented Diets 
Compared to All- Vegetable Diet 



DIGESTIBILITY j 

BIOLOGIC VALUE | 

• NET VALUE 


i 



PR OB A- | 




[ PROBA- | 








BIL1TY 



DIF- | 







sur- 

DIF- 

OF SIG- 


SUP- 


OF SIG- 


sur- 

DIF- 

SUPPLE- 

DIET 

PLE- | 

FER- | 

NIFI- 

DIET 

PLE- 

FER- | 

NIFI- 

DIET 

PLE- 

FER- 

MENT 

IB 

MENT 

ENCE 

CANCE 

IB 

MENT 

ENCE 

CANCE 

IB 

MENT 

ENCE 

Meat 

75.0 





80.7 

+12.G 

0.01 

51.0 

04.0 

+12.4 

Soy flour 

7.0.1 

01.4 




77.0 

+ 4.3 

0.10 

57.4 

70.2 

+12.S 

Wheat germ 

83.3 

S0.2 




77.7 

+ 4.5 

0.03 

01.0 

00.1 

+ 9.1 

Average 

7!).4 




71.3 








that whereas all three supplements allowed some improvement in both biologic 
value and digestibility, the increase in digestibility due to the addition of 
meat and the increase in biologic value from soy flour supplementation were 
not significant at the 5 per cent level. 

The results with young gi owing rats arc presented in Table III. In these 
studies all three supplements clearly improved the nutritive value of the diet, 
whether the diets were fed ad libitum or restricted to the intake of the poorest 
animal. In neither experiment are meat, wheat germ, or soy flour supplements 
significantly different. In these studies the diet containing additional bread 
studied with human beings’ was also fed. A diet containing skim milk powder 
as the sole source of protein was included for comparison in this experiment. 
Skim milk powder appeared only slightly better than the meat-supplemented 
diet, while bread did not improve or decrease the nutritive value of the diet. 
The efficiency of protein utilization is not presented since, as has been shown/ 
this is a function of the weight of the animals. 


Table III. Weight Gain in Young Rats Receiving Various Diets 


SUPPLEMENT TO 

PIET IB 

AD LIBITUM FEEDING t 
(OM.) 


None 1 

10.0+ 7.0 

s.o 

Moat 

61.0 ± 0.0 

21.5 

Wheat germ 

57.0 + 13.0 

24.5 

Soy flour 

54.2 + 10.3 

22.5 

Bread 

17.5+ 7.0 

11.0 

Skim milk powder* 

73.0 ± 1G.5 



•Skim milk powder as the sole source of protein, not as a supplement to Diet IB. 
fDuring fifty days on diets containing 7. j per cent protein. 

JDuring twenty-one days on diets containing D.« per cent protein. 


In additional experiments groups of animals receiving the basal all-vege- 
table and the meat-supplemented diets were placed in activity cages. A T o 
significant differences in spontaneous activity were observed either with re- 
stricted or acl libitum feeding. 


DISCUSSION 

In the previous publication 1 the digestibility and biologic value of the 
protein in the various diets for human beings were estimated, although the ex- 
cretions on a nitrogen-free diet were not actually determined. The fecal nitro- 
gen on a nitrogen-free diet was estimated by feeding the all-vegetable diet at 
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three different levels and extending the regression line to zero protein intake. 
The urinary excretion on a nitrogen-free diet was estimated to be 2 nig. of 
nitrogen per basal calorie. The reliability and criticisms of these methods 
have been discussed, 5 but it is believed that they are useful for compaiatitc 
purposes. 

The present results have been summarized with those obtained on human 
subjects in Table IV. In general, it may be said that the results on rats and 
dogs are similar to those obtained with human beings although there are some 
apparent differences. Our most reliable data on all species were obtained 
with the all-vegetable diet, and it appears that digestibility of this diet was 
relatively better in man than in the other two species. The biologic values, 
on the other hand, are in the same range for all species, although somewhat 
lower for dogs. This may be some evidence for the correctness of the assumed 
figure for the endogenous nitrogen excretion used in the calculations on the 
data for man. The net protein values suggest that man utilized the all-vege- 
table diet somewhat better than the other two species, because of more efficient 
digestion. This result, however, may be due to the methods used in determin- 
ing the metabolic fecal nitrogen. Bosshardt and Barnes® have shown that 
fecal nitrogen of mice receiving a nitrogen-free diet underestimates the meta- 
bolic fecal nitrogen occurring when proteins are fed. These authors believe 
that the method used in these studies on human beings is preferable to feeding 
nitrogen-free diets. If this is true, the digestibility of the proteins in rats and 
dogs has been underestimated. These studies appear to confirm the observa- 
tions of Bosshardt and Barnes. 


Table IV. Comparison' of Nutritive Value of Protein's of Various Diets 
in* Man, Bats, and Docs 


supple- 

ment 

adult man 

adult rats 

ADULT DOGS 

YOUNG RATS 

GAIN IN' 
THREE WEEKS 

DIGES- 
TIBIL- 
| ITY 

■ 


DIGES- 
TIBIL- 
1 ITY 

BIO- 

LOGIC 

value 

NET 

DIGES-j BIO- 
TIBIL- 1 LOGIC 
ITT i VALUE 

NET 



None 

87.5 

72.5 

63.5 

79.4 

71.3 

56.5 

80.0 66.7 

53.0 

16.6 

8,0 

Meat 

S9.0 

S0.4 

71.5 

79.7 

80.7 

64.0 

90.3 76.7 

69.0 

61.0 

21.5 

Soy flour 

83.8 

70.6 

59.2 

91.4 

77.0 

70.2 



57.0 

99 ~ 

Wheat cerni 

85.8 

8S.S 

76.2 

S9.2 

/ /./ 

69.0 



54.2 

24.5 

Bread 

90.8 

70.0 

63.5 

_ 






17.5 

n.o 


Man and the rat appeared to react in nearly identical fashion to the addi- 
tion of meat to the diet. Digestibility was not improved, but the figures for 
biologic value were increased by approximately 10 per cent. The dogs, how- 
ever, apparently digest the meat-supplemented diet better in addition to show- 
ing an increase in biologic value of 10 per cent. The overall net gain for the 
dogs was thus considerably more than in the other two species, 16 per cent 
compared to 8 per cent. 

The data on man and the rats do not agree on the soy flour-supplemented 
diet. Whereas no improvement was noted by this addition for human beings 
m either biologic value or digestibility, both of these showed improvement in 
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the rats. Wheat germ supplements, while resulting in a gain in the net pro- 
tein value of like amounts in the two species, showed the improvement in man 
entirely in biologic value whereas it was greatest in digestibility for the rat. 
As has been pointed out, 1 the data on soy flour and wheat germ in man are 
much less extensive than on the basal or meat-supplemented diet. Thus, we 
are unable to state that the apparent species differences in these two pro- 
teins are real. 

The results on young growing rats are similar to those obtained with adult 
rats and, except for soy flour, also for those obtained with man. Supplements 
of meat, soy flour, or wheat germ apparently were of essentially equal effec- 
tiveness as they were in the adult animals. As in man, bread additions neither 
improved nor decreased the nutritive value. It is of interest that whereas 
meat supplementation caused an improvement of 8 pci’ cent in the net pro- 
tein value for adult animals, the relative improvement was much greater in 
the growing animals. 

Recently Mitchell and Block 7 have presented convincing evidence that the 
biologic value of proteins as determined with rats bears a close relationship 
to their amino acid composition and may be estimated from the amino acid 
content. If, as suggested by the present data, the rat and man react similarly 
to various proteins, the value of the available data on proteins determined 
with rats is considerably enhanced. It further suggests that the percentage 
composition of the ideal protein for the two species is similar and lends sup- 
port to the method of calculating amino acid requirements previously pro- 
posed by Stare, Ilegsted, and McKibbin 8 and extended by Ilarte and Travers." 
Since growing rats apparently classify proteins in a similar manner to adult 
rats, the results of such simple feeding experiments may be applicable for 
the evaluation of human dietaries as well. 

CONCLUSION 

Human subjects, rats, and dogs have been used to determine the biologic 
value of proteins in natural diets. The rat appeared to react in an exactly 
comparable manner to the human being when meat was added to the diet. 
Digestibility was not improved but the biologic value was increased 10 per 
cent. With the dog, on the other hand, both digestibility and biologic value 
were improved by meat supplementation. 

The rat in these studies appeared more comparable to the human being 
than the dog. 

Young growing rats, either by paired or ad libitum feeding, appear to 
classify these proteins in a similar manner to adult rats. 
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PROTHROMBIN TIME STUDIES ON HUMAN BEINGS AND 
EXPERIMENTAL ANIMALS 

G. A. Nitsiie, Jr., II. W. Gerarde, and n. P. Deutscii 
Madison, AVis. 

T HE one-stage assa}' of prothrombin lias been shown to be affected by the 
concentration of fibrinogen. 1 By diluting a given plasma with a fibrinogen 
solution, sharper end points are realized at the higher dilutions, and the 
assaj r range may be extended to considerably higher plasma dilutions than is 
possible when the dilution of the substrate is not corrected. Preliminary in 
vitro prothrombin time studies had suggested that plasma fibrinogen concen- 
trations might introduce changes in the apparent prothrombin levels as meas- 
ured on saline diluted samples. The work reported here entails a study of the 
prothrombin time variable in experimental animals and in human beings as 
reflected by the clotting times of saline and fibrinogen dilutions of plasma in 
relation to the actual plasma fibrinogen level. 

experimental 

All prothrombin determinations were carried out according to the method outlined 
by Deutsch and Gerarde. 1 The bovine fibrinogen was prepared according to the method 
of Seegers and associates. 2 It was used in the form of a 0.3 per cent solution (clottablo 
fibrinogen) at pH 7.2 to 7.4. The major portion of the thromboplastin used in this work 
was prepared from rabbit brain according to the method of Quick. 2 One preparation how- 
ever, was made according to the method of Link and associates.'* After extraction of the 
thromboplastin with saline according to Quick’s 2 method, an equal volume of a pH 7.4 
buffer that was 0.05 M in cacodylate and diethyl barbiturate and 0.025 M in CaCl, was 
added. This mixture was centrifuged lightly and 1.0 c.c. portions of the supernatant were 
added to 0.5 c.c. of various saline or fibrinogen dilutions of a given plnsmn. The length 
of time for clotting at 25 degrees (± 1 degree) was determined visually. All plasmas were 
obtained by mixing 9 c.c. of blood with 1 c.c. of 0.1 M sodium oxalate, the resultant 
oxalated plasma being considered 100 per cent according to the usual convention. Fibrinogen 
assays were carried out by the method as outlined by Reiner,-' the fibrin nitrogen being 
estimated by micro-Kjeldahl or colorinietricallv following ncsslerization. 

Rats used for observations on the effect of caffeine, sodium salicylate, nnd vitamin Iv 
on prothrombin time were maintained two weeks or longer prior to the experiment on the 
relatively low vitamin K diet as used by Link and co-workors. c The rabbits used were fed 
exclusively on a commercial rabbit-pellet diet. All drugs with the exception of vitamin K 
were administered by stomach tube; the latter compound was given by intraperitoneal 
injection. 

RESULTS 

Caffeine Effects . — In the higher saline dilutions of plasma (10 per cent 
plasma) the small amount of fibrinogen present makes difficult the determination 
of the appearance of the relatively small fibrin clot formed. A plasma to which 
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various levels of fibrinogen have been added prior to saline dilution forms 
clots at 10 per cent plasma concentrations that are more readily discerned 
although no additional prothrombin has been added to the system. 1 It also 
has been indicated previously that the ingestion of caffeine by rabbits may 
alter the prothrombin time of saline dilutions of such plasma by virtue of its 
raising the fibrinogen level. In further testing this hypothesis rabbits were fed 
caffeine citrate at the level of 100 mg. per kilogram, and {he prothrombin times 
of saline and fibrinogen dilutions of the plasma as well as the plasma fibrinogen 
levels were determined before and after such medication. Little variation in 
the prothrombin times of saline- and fibrinogen-diluted plasma was seen at the 
higher plasma concentrations (80 to 10 per cent). Therefore, prothrombin 
times were determined only for a 10 per cent dilution of plasma in 0.15 HI NaCl 
and for 10 and 1 per cent dilutions in 0.3 per cent fibrinogen. Saline dilutions 
of plasma in excess of 1:10 (10 per cent plasma) were not carried out due to 
the difficulty and often impossibility of determining the end point of the 
clotting reaction. The results of these determinations on eight rabbits are shown 
in Table I. In addition, eight male rats weighing from 250 to 300 grams, 
which had been maintained on the relatively low vitamin K diet of Link and 
co-\vorkers c for at least two weeks, were given 100 mg. of caffeine citrate 
per kilogram. The findings for these rats are shown in the caffeine data of 
(Table EC). The marked increases in plasma fibrinogen values of these rats were 
found forty-eight hours after the ingestion of caffeine citrate. It can be 
seen from the data that the plasma fibrinogen levels vary considerably after 
treatment ; in general, a distinct rise was noted which is in agreement with the 
work of Field and associates. 7 Although the 10 per cent dilutions of rabbit 
plasma in saline tend toward slightly shorter prothrombin times due to the 
enhanced fibrinogen levels, the effect is by no means clear-cut. Rat plasma 
showed slightly lengthened values in all dilutions as compared with tbe^eontrols 
(Table H). The marked increases in plasma fibrinogen values of these rats were 
not reflected in shortened prothrombin times of the 10 per cent plasma in 
saline as would be expected from the differences of the saline and fibrinogen 


Table I. Effect of Caffeine ox Fibrinogen Levels and Prothrombin Time of Babbits 



fibrinogen 



prothrombin time 

(seconds) 


> 


CHANGE JN 

10 PEP. CENT PLASMA 

10 PER CENT PLASMA 

T PEE CENT PLASMA 


MIMA- 

IX 

0.9 PER CENT 

IN 0.3 PEP. CENT 

IN 

0.3 PER 

CENT 


GRAMS 


SALINE 


fibrinogen 


FIBRINOGEN 

Rabbit 

(fee. cent* 

before 

|AFTEP.t jCHANGE 

BEFORE I AFTER f ICHANGE 

BEFORE j AFTERf (CHANGE 

t 

+1GS 

23.S 

21.9 

-1.9 

19.1 19.1 

0 

43.3 

61.2 

+17.9 


+220 

451.4 

22A 

-27.0 

IS. 9 37.1 

-3.S 

46.2 

45.S 

-0.4 

3 

*7 

24.6 

25.0 

■*-0.4 

20.4 21.1 

+0.7 

55.3 

72.1 

+16.8 

4 

+138 

28.S 

22.8- 

-6.0 

20.6 21.0 

+0.4 

59.2 

65.0 

*5.S 

5 


24,2 

27.0 

+2.S 

20.2 20.9 

*0.7 

57.9 

71.3 

+13.4 

6 

-os 

2S.6 

27.6 

-1.0 

20.1 21.0 

+0.9 

60.3 

6S.1 

*7.8 

7 

+151 

21.1 

15.6 

-4.6 

16.5 15.6 

-0.9 

79.8 

S2.9 

-f-3j 

S 

+178 

10.5 

13.5 

-3.0 

13.4 13.4 

0.0 

45.7 

60.7 

+15.0 


— fr . _ 1 

cl'.raI*per n imo^J 5 n brinOSC ' n ,eVe ' S forty ' e ' Bht h0Urs after ^ministration °£ 100 mg. caffeine 
Per klf^ram r ° mbln 0mes forty ' e te M hours after the administration of 100 mg. caffeine citrate 
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Table II. Effect of Caffeine, Sodium Salicylate, and Vitamin K* on Fibrinogen 
Levels and Prothrombin Time of Eats 


GROUP 

NUMBER 

IN 

GROUP 

MILLIGRAMS 
PER CENT 
FIBRINOGEN 

(range) 

1 AVERAGE PROTIIROMBIN TIME 

(SECONDS) 

10 PER CENT 1 
PLASMA IN 

0.9 PER CENT 
SALINE 
(ranoe) 

10 PER CENT 
PLASMA IN 

0.3 PER CENT 
FIBRINOGEN 
(RANOE) 

1 PER CENT 
PLASMA IN 

0.3 PER CENT 
FIBRINOGEN 

(range) r 

Controls 

20 , 

215.0 

34.5 

23.9 

80 



(184 to 302) 

(30.0 to 39.0) 

(20.4 to 27.5) 

(57 to 98) 


If 

0.0 

>300 

22.8 

47 


If 

0.0 

>120 

20.4 

09 

Sodium salicylate 

10 

202.3 

G0.3 

35.4 

120 



(90 to 328) 

(42.7 to 90.2) 

(23.2 to 51.8) 

(05 to 195) 

Sodium salicylate 

10 

319.0 

35.2 

25.0 

83 

and vitamin K r 


(115 to 520) 

(31.3 to 39.9) 

(22.3 to 28.2) 

(55 to 107) 

Vitamin K* 

10 

408.4 

39.3 

30.S 

S3 



(298.0 to 497.0) 

(37.7 to 42.0) 

(27.9 to 33.4) 

(57 to 104) 

Caffeine 

8 

502.0 

39.4 

29.4 

93 

r> 


(420.0 to 040.0) 

(32.8 to 51.8) 

(25.5 to 41.3) 

(00 to 186) 


•The vitamin IC used was Synknyvltc {tetrasodlum 2-mcthyl-l, 4 -naphtholiydroqulnone 
dlphosphorle ester). 

fFrom a control group which showed no fibrinogen by the assay method used. 


diluted systems of the 10 per cent rat plasma concentrations. The prothrombin 
times of the 1 per cent plasma in 0.3 per cent fibrinogen while indicating a 
mild hypoprothrombinemia do not fall in line witli the results on rabbits 
(Table I), where even in the presence of a mild hypoprothrombinemia there 
were in general slightly shortened prothrombin times in the 10 per cent plasma 
concentration in saline of rabbits showing enhanced fibrinogen values. 

As will be discussed later, there are various factors which may be tending 
to give results which are difficult to evaluate in the “one-stage” prothrombin 
assay. The interpretation by Field and associates 8 that shortening of pro- 
thrombin times as shown by some rabbits is due to an enhanced level of pro- 
thrombin is not borne out by the clotting times of 1 per cent plasma in fibrino- 
gen. The lengthened prothrombin times of both rat and rabbit plasma at this 
dilution are indicative of a decreased amount of prothrombin as a result of 
caffeine ingestion. The results of the clotting times of 10 per cent rabbit plasma 
in saline are quite analogous to the results of Quick 0 who could demonstrate 
no hyperprothrombinemia as the result of caffeine feeding. Interesting is the 
report of Scherf and Schlaehman 10 who found a rapid lowering of the pro- 
thrombin time of the plasma of patients who had received aminophyllin and 
theophyllin. 

Salicylate and Vitamin K Effects . — It appeared that the hypoprothrom- 
binemia experienced in rats as a result of salicylate ingestion 0 might likewise 
be a reflection of the assay technique as influenced by a lowered plasma fibrino- 
gen level. Experiments studying the effect of sodium salicylate and vitamin K 
were carried out under conditions similar to those employed by Link and 
co-workers, 0 except for the inclusion of fibrinogen dilution prothrombin assay 
procedures. 
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These experiments were conducted on male rats weighing 250 to 300 
grams and maintained under the same conditions as those on the caffeine experi- 
ment. The animals were given 100 mg. sodium salicylate by stomach tube and 
prothrombin studies were carried out approximately twenty bom’s later. The 
effect of such a level of sodium salicylate accompanied by an intraperitoneal 
injection of 5 mg. equivalents of vitamin K (Synkayvite: tetrasodium 
2-methyl-l, 4-naphthokydroquinone diphosphoric ester), as well as the effect of 
vitamin K alone, was determined on individual groups of animals. The 
analytic findings resulting from this medication as compared with control rats 
receiving no treatment are shown in Table II. 

It is apparent from the data that sodium salicylate induces a liypopro- 
thrombinemia and that the effect observed by Link and associates® is not one 
of a decrease of fibrinogen level as suggested by Deutseh and Gerarde. 1 

Vitamin Iv counteracts the effect of the sodium salicylate; this effect does 
not appear to be due to the enhanced plasma fibrinogen level elicited by 
vitamin Iv administration. The data of Table II, however, in no way suggest 
that vitamin Iv can induce hyperprothrombinemia as has been stated by Field 
and Link 11 and Richards and Shapiro. 12 Mikhlin 13 has indicated that vitamins 
Ki and Iv 2 as well as related synthetic products are without effect on the blood 
of normal animals and man. However, both Mikhlin 13 ’ 14 and Babuk 15 report 
that a vitamin Iv concentrate prepared from maize stigmas accelerated the 
normal coagulability of the blood in the dog, rabbit, rat, and man. They 
attributed this effect to a hyperprothrombinemia, although in view of our 
findings it is possible that this noted effect may be due to other factors. 

Afibrinogenemie Bats. — Interestingly in the control rats studied there ap- 
peared two afibrinogenemie animals. While 10 per cent saline dilution and 
even undiluted plasma failed to clot in the usual prothrombin assay, dilution of 
the plasma of these animals with fibrinogen gave prothrombin times which indi- 
cated normal or enhanced values of plasma prothrombin. It would appear 
that the diet used by Link® tends to produce low plasma fibrinogen levels. 
Similar responding animals have been found on this diet by Link. 16 These 
two animals showed no tendency toward hemorrhage as has been reported 
for afibrinogenemie human beings by various authors. 17 ' 30 In fact, the a nima ls 
studied here in whose plasma no fibrinogen could be demonstrated were able to 
survive heart puncture. 

Thromboplastin. — In part, the discrepancy between the results of Field 
and associates 8 and of Quick 9 might be due to differences in the activities 
of the thromboplastin preparations used. We have found the prothrombin time 
of rabbit plasma at 25 degrees with the Quick 3 thromboplastin preparation to be 
shorter than that recorded by Link 4 ’ 8 for rabbit plasma at 37 degrees. Al- 
though Quick 9 has likewise commented on the lowered activity of the Link 4 
thromboplastin, we are not aware of a specific demonstration of such a difference. 
To test this experimentally, pooled macerated rabbit brains were divided into 
two equal portions and thromboplastin was prepared by both the method of 
Lmk 4 and that of Quick. 3 The prothrombin times of fibrinogen and saline 
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dilutions of rabbit and human plasma were determined using these thrombo- 
plastin preparations under identical conditions. The results for human plasma 
wliich were similar to those found for rabbit plasma arc shown in Fig. 1 and 
clearly indicate the greater activity of the Quick 3 thromboplastin preparation. 
In this respect Sclierf and Schlachman 10 used Russell viper venom as the 
thromboplastin which in comparison with the Quick thromboplastin is relatively 
low in activity. From this it appears that low activity thromboplastins may 
possibly show up plasma fibrinogen increases as apparent prothrombin in- 
creases. Prothrombin measurements of such plasma should be carried out at 
high plasma dilution in the presence of a constant substrate (fibrinogen) level if 
the results of the one-stage prothrombin time assay method arc to be inter- 
preted in terms of prothrombin content. 



Fig:. 1. — Comparison of clotting times of saline and fibrinogen dilutions of a single human plasma 
using Link 4 and Quick 5 thromboplastin. 


Prothrombin Variations in Human Bcinr/s . — The relatively wide variations 
in prothrombin levels for essentially norma] rats and rabbits as reflected by the 
clotting time of their 1 per cent solution of plasma in fibrinogen are interesting. 
It has been claimed by Quick 21 that the prothrombin levels of normal human 
beings fall within a narrow range. Other authors, however, indicate that con- 
siderable variations exists. 22 ' 23 Warner and associates 24 indicate that the effects of 
plasma antithrombin are minimized by high dilution of the plasma. Prothrombin 
assays at a plasma concentration of 1 per cent in the presence of a constant, level of 
fibrinogen are probably more indicative of prothrombin content than assays 



I'iiOTHfiO.Mm.V timi: STUDIES 


m 


Tabu: Hi. Prothrombin Time and I'lnr.ixooKX Leyki.s or Normal Human Beixgk 
Aurax<*ei> According to I xcnr.sRixc! I.r.vn.s or Finr.ixooEX 




iT.oTiir.oMmx time (seconds) 


MILLIGRAMS 

10 run CKXT pi.asma 

in ra: text plasma 

1 rr.r. cent pi.asma 


pn: cent 

IX 0.9 TEE text 

IX 0.3 TEE CEXT 

is 0.3 rr.n cent 

r.vnrxw 

fibrinogen 

rai.ixf. 

fibrinogen 

riRRJxor.EX 

1 

100 

44.3 

40.0 

193 


2 07 

•10.1 

32.0 

186 


220 

33.0 

30.3 

1 76 

4 

226 

41.1 

36.5 

144 

5 

200 

30.0 

oo 7 

ins 

0 

272 

39.5 

°5 a 

141 

7 

277 

35.8 

no t 
.»«». 1 

ISO 

s 

280 

38.5 

34.4 

156 

o 

207 

r*7.7 

32.5 

147 

10 

303 

37.7 

33.7 

161 

11 

304 

3S.3 

OO £ 

128 

12 

Oil 

r»5.n 

32.5 

124 

lr, 

317 

44.2 

3S.2 

177 

It 

310 

3.8.2 

r»° i 

158 

15 

327 

34.4 

34.6 

161 

ht 

343 

39.8 

32.7 

148 

If 

is 

344 

346 

3(5.8 

38.0 

35.4 

34.4 

162 

144 

10 

20 

347 

376 

36.2 

3S.1 

31.0 

34.3 

143 

159 

21 

22 

432 

439 

39.2 

36.1 

37.1 

31.4 

192 

142 

Average 306 

38.4 

33.5 

160 


(190 to 439) 

(34.4 to 44.3) 

(25.2 to 40.0) 

(124 to 198) 


conducted in relatively concentrated plasma or in saline dilutions where the 
enzyme sulistrate tends to become the limiting factor. Application of the 
fibrinogen dilution technique was applied to the plasmas of a series of normal 
human subjects. Considerable differences in the prothrombin levels as reflected 
by variations in the prothrombin time were found by assay of 1 per cent 
Plasmas. The variations encountered in the saline-diluted 10 per cent plasma 
were relatively smaller. These data are shown in Table III. There appears to 
be little correlation between plasma fibrinogen levels and the variations in the 
prothrombin times of plasma diluted to a level of 10 per cent with saline or 
fibrinogen. In general, however, the fibrinogen-diluted plasmas showed a 
slightly shortened prothrombin time. 


To determine whether markedly enhanced plasma fibrinogen levels would 

we! t e r?“ timC ’ a Scrfes ° f cIinicaI cases tendin S ^ this direction 
ie studied. They represented varied pathologic conditions with plasma 

V i X r CXteading from nomaI t0 extremely high levels as shown in 
, e 1V - The P™thrombin times of 1 per cent plasma in fibrinogen were 
ana ogous to those found in norma! individuals. However, the individual varia- 

plasm en T!r tered mueh greater ’ This ' vas true also for the 10 per cent 
iim on! n fi, t,m ?' A HOt,eeable differenee in many eases was the len*rthen- 

r tlm r,° f ^ 30 ^ plasmas diluted with fibrinogen 
• t lasted to the saline dilution. This was partieularlv evident in 

pta ot «- «•>» 
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Table IV. Prothrombin Times and Fibrinogen Levels of Human Beings WiTn Various 
Diseases Arranged According to Increasing Levels of Fibrinogen 





prothrombin time (seconds) 

PATIENT 

diagnosis 

milligrams 

PER CENT 
FIBRINOGEN 

10 PER CENT j 
PLASMA IN 0.9 
PER CENT 
SALINE 

10 TER CENT 
PLASMA IN 0.3 
PER CENT 

fibrinogen 

1 TEP. CENT 
PLASMA IN 0.3 
PER CENT 
FIBRINOGEN 


1 

Atrophic cirrhosis 

288 

00.2 

55.S 

■MEQXEi 

2 

Carcinoma, uterus; 
x-ray therapy 

28S 

34.4 

30.5 

129 

3 

Tuberculosis 

29S 

47.5 

47.3 

239 

4 

Carcinoma, uterus; 
x-ray therapy 

309 

36.8 

32.5 

340 

5 

Atrophic cirrhosis 

310 

41.4 

38.6 

203 

6 

Chronic ileitis 

313 

44.0 

41.4 

253 

7 

Infectious hopatitis 

320 

40.7 

39.0 

2-18 

S 

Carcinoma, colon 

336 

46.3 

45.5 

203 

9 

Anxiety tension stale 

354 

40.2 

37.5 

149 

30 

Sinusitis and otitis 
media 

392 

39.6 

36.4 

133 

11 

Osteomyelitis 

393 

3S.1 

31.2 

j on 

12 

Lues with retinitis 

393 

37.3 

35.4 

205 

13 

Carcinoma, breast 

403 

35.2 

33.4 

154 

14 

Tuberculosis 

410 

43.0 

44.2 

J06 

15 

Carcinoma, uterus; 
x-ray therapy 

413 

33.9 

29.8 

331 

16 

Furunculosis 

416 

39.S 

34.1 

96 

17 

Atrophic cirrhosis 

435 

47.2 

44.6 

215 

IS 

Myelogenous leucemia 

444 

46.1 

47.2 

201 

19 

Carcinoma, larynx 

470 

30.9 

.‘>5.3 

109 

20 

Rheumatic fever 

477 

33.7 

31.8 

137 

21 

Multiple myeloma 

4S9 

36.3 

34.2 

90 

22 

Carcinoma, bladder 

490 

36.7 

32.6 

148 

23 

Tuberculosis 

525 

41.1 

45.6 

226 

24 

Tuberculosis 

540 

35.6 

34.2 

355 

25 

Carcinoma, uterus; 
x-ray therapy 

549 

29.2 

27.6 

307 

26 

Carcinoma, breast; 
x-ray therapy 

560 

30.9 

30.0 

130 

27 

Arteriosclerotic gangrene 

586 

33.2 

30.9 

133 

28 

Subdiaphragmatic abscess 

589 

33.3 

33.6 

146 

29 

Hypertensive heart 
disease 

591 

42.2 

42,5 

244 

30 

Carcinoma, esophagus 

594 

36.4 

35.5 

201 

31 

Carcinoma, uterus; 
x-ray therapy 

610 

37.4 

38.0 

132 

32 

Peritonitis 

615 

43.0 

43.4 

353 

33 

Cholecystitis with 
lithiasis 

019 

41.0 

43.5 

193 

34 

Carcinoma, stomach 

037 

34.4 

35.S 

139 

35 

Constrictive pericarditis 

657 

38.5 

41.7 

202 

36 

Epididymitis 

072 

44.0 

45.7 

372 

37 

Carcinoma, prostate 

691 

.ll.p 

29.7 

125 

38 

Multiple burns 

754 

32.3 

33.3 

138 

39 

Xanthochromatosis 

777 

37.0 

38.5 

163 

40 

Thrombophlebitis 

778 

33.0 

31.3 

116 

41 

Carcinoma, esophagus 

820 

34 A 

36.4 

141 

42 

Bursitis and tendonitis 

S28 

35.7 

33.2 

125 

43 

Rheumatic fever 

1,040 

31.7 

33.4 

342 


Average 

522.0 

3S.4 

37.2 

164 


Range 

(288 to 1,040) 

(29.2 to 60.2) 

(27.6 to 55.S) 

(96 to 277) 
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as previously noted in all except one instance, the prothrombin times of 
10 per cent plasma diluted with fibrinogen were shorter than the corresponding 
saline dilutions. 

In previous in vitro studies fibrinogen was added to plasma to provide a 
system containing variable amounts of fibrinogen with a constant level of 
prothrombin. 1 Dilution of such a plasma with saline shows that the fibrinogen 
addition definitely affects the apparent prothrombin level as indicated by shorter 
prothrombin times in the higher dilutions. In onr present work similar high 
fibrinogen level plasmas as occurring in various pathologic conditions were 
studied. The results (Table IV) are difficult to appraise. It would appear that 
fibrinogen fluctuations might he accompanied by variation in such clotting 
entities as inhibitors and prothrombin. A possible factor tending to introduce 
variations is the rate at which prothrombin is converted to thrombin. Thus, 
the discrepancies of prothrombin content of various animal plasmas as deter- 
mined by the one-stage method of Quick 51 and the two-stage method of 'Warner 
and associates 55 appear to be conversion rate differences rather than absolute 
prothrombin levels. It is possible that even within a given species this conver- 
sion rate may vary. In addition, the presence of inhibitors for prothrombin, 
thrombin, and thromboplastin likewise affect clotting reactions. The true 
evaluation of the blood clotting mechanism as revealed by “one-stage” pro- 
thrombin assays should take into account all of these factors as well as the 
factors we have studied. Since simultaneous control of all recognized clotting 
factors in the “one-stage” type of assay would be extremely difficult, it would 
appear that assay techniques built around the “two-stage” assay would be 
more feasible for the true evaluation of prothrombin. Here individual reactions 
can he somewhat segregated, controlled, and studied independently. The 
“one-stage” clotting picture represents the summation of various reactions, 
and it is difficult to appraise the effect of any one given reaction. 

summary 

Various experimental and clinical conditions involving variation in fibrino- 
gen and prothrombin levels have been studied. 

The apparent hyperprothrombinemia experienced by some workers as a 
result of caffeine feeding appeared as a mild hypoprothrombinemia when pro- 
thrombin time assays were carried out at a 1 per cent plasma concentration in 
the presence of 0.3 per cent fibrinogen. The effect of sodium salicylate on rats 
is to induce a definite hypoprothrombinemia with little alteration in fibrinogen 
level. Vitamin K while counteracting the action of sodium salicylate does not 
in itself produce hyperprothrombinemia. A series of normal human subjects 
and clinical patients showed relatively wide variations in prothrombin levels 
as revealed by prothrombin times of 1 per cent dilutions of plasma. The marked 
fluctuation in plasma fibrinogen content did not correlate with expected pro- 
thrombin times of saline dilutions; this indicates a need for the evaluation of 
clotting factors in addition to those studied here. 
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H EMATOLOGIC data on 4,550 normal col 1c -re women, 16 to 30 years old, 
inclusive, were reported recently by Oldson and associates. 1 Included in 
these were data from 1.34S individuals, 17 to 24 years old, inclusive, on whom the 
hemoglobin concentration, the number of red cells, and the packed cell volume 
were determined on the same samples of blood. From these values, which include 
data from the nutrition laboratories of Iowa State College, Kansas State College, 
University of Minnesota, and Oklahoma Agricultural and Mechanical College, 
the corpuscular constants of Wintrobe 5 have been calculated. Complete in- 
formation on the experimental methods used in the study were given in the 
previously mentioned report. 1 

The corpuscular constants (mean corpuscular hemoglobin, mean corpuscular 
volume, and mean corpuscular hemoglobin concentration) were first introduced 
and defined by Wintrobe 3 in 1929. In 1934 he 3 summarized the data available 
at that time and reported values for the corpuscular constants on approximately 
700 individuals, 274 of whom were normal women between 'the ages of 18 and 
30 years, inclusive, from different parts of the United States and Denmark. The 
mean values for the women of this age range were : mean corpuscular hemo- 
globin, 28.8 micromicrograms; mean corpuscular volume, S7.0 cubic microns; 
and mean corpuscular hemoglobin concentration, 33.1 per cent. Since 1934 the 
corpuscular constants have been determined for subjects of both sexes in different 
parts of the world. 4 * 3 4 In 1942, while referring to values for corpuscular con- 
stants found since 1934, Wintrobe 15 stated, “Reports made since that time, with 
one exception, are either in exact agreement with those given or differ so 
slightly that the mean values remain the same when these additional data are 
used.” 

The present study of the corpuscular constants of 1,348 college women 
offers the largest series of values reported to date. 


RESULTS -VXD DISCUSSION 


In Table I are given the number of subjects and the mean values for mean 
corpuscular hemoglobin, mean corpuscular volume, and mean corpuscular hemo- 
globin^ concentration for each group of women studied and for the subjects as a 


Received for publication, Jan. 25. ISM 7 

V€ ^ for publication by the Advisory Committee as Paper Xo. 26 of the Regional 
Project of the North Centra! States Relating to the Nutritional Status of College Women 

Oklah!ma Pr ° VCd for puWicat!on b >' the Oklahoma Agricultural Experiment Station, Stillwater. 


nomics, *■ 

and Gcr- ■ ■ 

StaUon, ■ ■ ■ 1 


id of Department of Foods and Nutrition. School of Home Eco- 
ge. East Lansing Mich. With the assistance of Virginia Minnich 
■ 53 °g irr>a ' paper of the Iowa Agricultural Experiment 


StatlonpManhattan, 0f Home Economi ' :s - Kansas Agricultural Experiment 

St. raldfMlnn^to. 253, Scicntiflc Jounlal Scrics . Minnesota Agricultural Experiment Station. 


419 


420 


LEWIS, OHLSON, CEDERQUIST, AND DONELSON 


Table I. Mean Values fob Mean Corpuscular Hemoglobin, Mean Corpuscular Volume, 
Mean Corpuscular Hemoglobin Concentration, Standard Deviations of Means (S), 
and Standard Errors of Means (S x ) of College Women of Four States, 
With Appended Values for These Corpuscular Constants as Reported by 
W lNTROBE FOR WOMEN OF SIMILAR AGE RANGE 


STATE 

SUB- 
JECTS , 

| M.C.TT. ; 

| M.C.V. 

| M.C.H.C. 

MEAN 

Crr) 

s 

Sx 

MEAN 

S 

Sx 

Imean 

i (%) 

S 

Sx 

Iowa 

503 

28.8 


0.12 

89.5. 

4.2 

■sa 

32.2 

2.4 

0.10 

Kansas 

220 

29.3 

2.3 

0.10 

91.7 

4.8 

0.32 

31.7 

2.2 

0.15 

Minnesota 

292 

30.7 

2.1 

0.12 

92.7 

0.0 

0.39 

33.2 

1.8 

0.11 

Oklahoma 

243 

29.2 

2.4 

0,15 

88.3 

5.2 

0.33 

33.1 

2.3 

0.15 

AH four states 

1348 

29.3 



90.3 



32.5 



Wintrobe ’s report on 











women from the United 











States and Denmark 

274 

28.8 



87.0 



33.1 




whole. The standard deviations and the standard errors of the means are also 
included for each state group of subjects. For ease of comparison the values 
for corpuscular constants of the women between the ages 18 and 30 years, in- 
clusive, given in Wintrobe’s 1934 report have been included in the table. 

The mean values of the corpuscular constants are somewhat different for 
the four groups of women studied. The respective maximum and minimum 
mean values are : mean corpuscular hemoglobin, 30.7 and 28.8 micromicrograms 
in Minnesota and Iowa, respectively; mean corpuscular volume, 92.7 and 88.3 
cubic microns in Minnesota and Oklahoma, respectively; and mean corpuscular 
hemoglobin concentration, 33.2 and 31.7 per cent in Minnesota and Kansas, 
respectively. It is interesting to observe that the Minnesota group, in which 
the bloods were taken uniformly under basal conditions, show the highest values 
for all three corpuscular constants, although the mean values for hemoglobin, 
number of red cells, and packed red cell volume were the lowest of any state 
group. 1 Only in one of the four states, Iowa, is the mean corpuscular hemoglobin 
as low as 28.8 micromicrograms, the mean value reported for women of a similar 
age range by Wintrobe. In no instance is the mean corpuscular volume as low 
as 'Wintrobe’s 87.0 cubic microns. In two states, Minnesota and Oklahoma, the 
values for mean corpuscular hemoglobin concentration are practically the same 
as the 33.1 per cent reported by Wintrobe, while in the other two states lower 
values are found. 

A study of the significance of the differences between the mean values for 
the four groups shows that significant differences occur for all three coipuscular 
constants (Table II). For mean corpuscular hemoglobin, three out of six 
possible comparisons show highly significant differences between means, that is, 
critical ratios of 3.0 or more. Highly significant differences are found in five out 
of six instances for mean corpuscular volume and in four out of six for mean 
coipuscular hemoglobin concentration. 

Even though there are significant differences between the means for each 
constant, there seems to be ample justification for putting the data of the four 
state groups together to obtain mean values of the constants for the 1,348 sub- 
jects as a whole. The reasons that prompt such a conclusion are (1) the marked 
inter- and intraindividual variations observed in the different states during the 
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Table II. Significance of Difference Between Means Found 1! i r ^[f ^ TI ^ s lfI^ P R00PS 
for Mean Corpuscular Hemoglobin, Mean Corpuscular ' olume, and M - ■ 
Corpuscular IIemoglobin Concentration Expressed as 
Critical Batio* 


1 


1 OKLAHOMA | 


| KANSAS 

Mean corpuscular 
hemoglobin 

Minnesota 

Oklahoma 

Iowa 

7.8 

30.fi 

2.4 

8.0 

0.5 

1.5 

Mean corpuscular 
volume 

Minnesota 

Oklahoma 

Iowa 

S.O 

7.4 

3.2 

2.0 

7.4 

0.1 

Mean corpuscular 
hemoglobin concen- 
tration 

Minnesota 

Oklahoma 

Iowa 

0.5 

fi.7 

5.0 

S.O 

6.6 

2 .S 


*c.r. = 


, whore S« mtt 


-V* 


S; : 

nT 


+ .. ; nii und m:, S, and S 3 , and Ni and 


Si Biff. 

Nj denote the means, the standard deviations of the means, and the n u mbe r of cas es , respec- 
tively; and Si Dift. stands for the standard error of the difference between the means. 


present study and (2) the wide variation in the data used by Wintrobe to estab- 
lish his means for these constants. The range of mean values used by Wintrobe 
was; 28 to 31 mieromicrograms for mean corpuscular hemoglobin, 82 to 93 
cubic microns for mean corpuscular volume, and 32 to 34 per cent for mean 
corpuscular hemoglobin concentration. 

By reference to Table I, it is seen that the corpuscular constants for the 
subjects of the present study as a whole may be compared readily with the 
comparable values reported by Wintrobe for women of a similar age range. 
The respective values are : mean corpuscular hemoglobin, 29.3 and 28.8 micro- 
micrograms; mean corpuscular volume, 90.3 and 87.0 cubic microns; and mean 
corpuscular hemoglobin concentration, 32.5 and 33.1 per cent. The similarity of 
these values in each ease is quite striking, particularly so for mean corpuscular 
hemoglobin and mean corpuscular hemoglobin concentration. When one con- 
siders that Wintrobe’s range for mean corpuscular volume, 82 to 93 cubic 
microns, was much wider than for the other constants, the difference of 3.0 cubic 
microns would seem to have little, if any, greater significance than the 
differences found for the other constants. 

This study and a previous one, 1 as well as numerous other reports in the 
literature, serve to emphasize the fact that the mean values for hemoglobin, 
red cell count, and packed red cell volume, and the mean corpuscular constants 
derived therefrom, show considerable variation between the different groups 
studied in this country and abroad. The lack of uniformity in these values, 
even when the numbers of subjects in the studies are large, leads to speculation 
as to the reasons for these differences. To what extent they are due to the 
experimental procedure employed and what role environmental conditions (tem- 
perature, humidity, altitude), race, and dietary factors play in their origin are 
points that are not clearly understood and require further elucidation. 


SUMMARY 

1. Values for mean corpuscular hemoglobin, mean corpuscular volume, and 
mean corpuscular hemoglobin concentration are reported on 1,348 women from 
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colleges or universities in four stales, Iowa, Kansas, Minnesota, and Oklahoma. 

2. The mean values found for these corpuscular consfants arc somewhat 
different for the four state groups. The respective maximum and minimum 
values are: mean corpuscular hemoglobin, 30.7 and 2S.8 micromicrograms; mean 
corpuscular volume, 92.7 and 8S.3 cubic microns; and mean corpuscular hemo- 
globin concentration, 33.2 and 31.7 per cent. 

3. AY hen the results on the 1,348 subjects are considered as a whole, the 
mean values for the corpuscular constants are 29,3 micromicrograms for mean 
corpuscular hemoglobin, 90.3 cubic microns for mean corpuscular volume, and 
32.5 per cent for mean corpuscular hemoglobin concentration. 


REFERENCES 

1. Ohisonj M. A., Cederquist, D., Donelson, E. G., Lcvcrton, R. 51., Lewis, G. K., Himwich, 

W. A., and Reynolds, 51. S. : Hemoglobin Concentrations, Red Cell Counts nnd 
Erythrocyte Volumes of College Women of the North Central States, Am. J. Physiol. 
142: 727, 1944. 

2. Wintrobc, 5f. 5f.: l'lie Volume mid Hemoglobin Content of the Red Blood Corpuscle, 

Am. J. 51. Sc. 177: 513, 1929. 

3. Wintrobc, 5f. 5f. : Anemia: Classification and Treatment on the Basis of Differences 

in tho Average Volume and Hemoglobin Content of the Red Corpuscles, Arch. Int. 
5fcd. 54: 256. 1934. 

4. Walters, O. S.: Normal Erythrocyte, Hemoglobin nnd Packed Cell Volume Standards in 

Young Men, J. Lab. & Clin. 5fHD. 19: S51, 1934. 

5. Linncberg, L. L., and Schartum-Hansen. H. : Blodcts hemogiobinmengde og do rjtdc 

blodlegcniers nntoll og volum hos frislte menn og kvinner, Norsk mng. f. laegovidensk. 
96: 832, 1935. 

6. Prico-Jones, C., Vaughan, J. 5f., and Goddard, H. 5f.: Hematological Standards of 

Healthy Persons, J. Path. & Bact. 40: 503, 1935. 

7. Belk, W. P., Curtis, E., and Wilson, 51. K.: Erythrocyte Counts, Hemoglobin and 

Erythrocyte Volume in Normal Young Men and Women Residing in the Eastern 
United States, Am. J. Clin. Path. 6: 4S7, 1936. 

S. 5Iugrage, E. R., and Andresen, 51. I. : Values for Red Blood Cells of Average Infants nnd 
Children, Am. J. Dis, Child. 51: 775, 1936. 

9. Andresen, 5f. I., nnd 5Iugrage, E. R.: Rod Blood Cell Values for Normal 5rcn and 
Women, Arch. Int. Med. 58: 136, 1936. 

10. Navarro, R. J.: Hematology in Filipinos. II. Normal 5renn Corpuscular Volume, Mean 

Corpuscular Hemoglobin and Mean Corpuscular Hemoglobin Concentration; the 
Various Normal Blood Indexes, J. Philippine Islands 5L A. 171 611, 1937. 

11. Faergoman, P.: The Normal Values for Hemoglobin, Erythrocytes nnd Coll Volume 

Per Cont, and the Corpuscular Constants Derived Thereof, in Children Aged .8 to 
14 Years. Examinations of 300 School Children of Stockholm, Acta mod. Scandinav. 
95: 566, 1938. 

12. Hamrc, C. .T., and Wong, K. K. L. : Hematologic Values for Normal Children 3, 4 nnd 5 

Years of Age Living in Hawaii, Am. .T, Dis, Child. 60: 22, 1940. 

13. Ham re, C. J., and Au, M. H.: Hematologic Values for Normal Hcalthj' 5fcn 16 to 25 

Years of Age, .T. Lab. & Cun. 5fEn. 27: 1231, 1942. 

14. Lewis R. C., Kinsman, G. M., Iliff, A., and Duval, A, 51. : The Effect of Change of 

Altitude on tho Corpuscular Constants of Wintrobc, Am. ,T. Clin. Path. 13: 20S, 1943. 

15. Wintrobc, M. 51.: Clinical Hematology, Philadelphia, 1942, Lea & Fcbigcr, p. 78. 



TWO POPULAR FALLACIES REGARDING Rh 
Preliminary Report or Some Thought-Provoking Observations 


First Lieutenant Paul G. Hatteksley, Medical Corps, Army of the 

United States 


W ITH the tremendous mass of literature on the Rh factor which has ac- 
cumulated in the seven years since its discovery, it is inevitable that certain 
fallacious ideas should have reached print and should persist in the minds of 
many of their readei's. One or two of these fallacies have been repeated in one 
paper after another without an adequate investigation of their origin or of their 
accuracy. 

It is the purpose of this paper to present a preliminary report of some 
observations made in this laboratory which would seem to indicate the fallacious- 
ness of two commonly held beliefs regarding Rh. 

Fallacy 1: Only a Small Percentage of Rh-Negativc Persons Can Become 
Sensitized by Transfusion With Rh-Positivc Blood. — Wiener 1 ' 3 has stated vari- 
ously that between one in fifty and one in twenty-five Rh-negative persons who 
are “exposed to the Rh antigen” become sensitized, and his statements have 
been repeated widely elsewhere. He further states 4 that the incidence of sen- 
sitization by Rh-positive pregnancy, and by transfusion, is about the same. 
Unger 5 goes so far as to say that ‘ ‘ The fact is now recognized that when repeated 
transfusions of Rh-positive blood are given to an Rh-negative patient, antibody 
response to the Rh antigen develops in approximately one in twenty-five pa- 
tients.” Yet, neither Wiener nor Unger refers to experimental or clinical data 
as a basis for his statements. 

Actually there is much recent evidence from several sources that sensitiza- 
tion may oecur in many more than one in twenty -five Rh-negative individuals 
who receive Rh-positive blood. Diamond and co-workers,® in a series of 2,500 
servicemen who had been transfused under wartime conditions without regard 
for Rh type, were able to demonstrate anti-Rh antibodies, in the ser um of about 
50 per cent of the Rh-negative individuals. Ross, 7 in a smaller series, likewise 
found Rh antibodies in nearly 50 per cent of the Rh-negative bloods. 

In a similar survey now under way in this laboratory, we have ex am ined 
bloods of a group of servicemen who have at some time in the past received 
transfusions, presumably without the benefit of Rh typing. These bloods were 
classified as Rh-positive or Rh-negative, according to their reactions with stand- 
ard Rh 0 typing serum. All the Rh negatives and the majority of the Rh posi- 
tives were subtyped with sera of Rh' and Rh" specificity. All sera were ex- 
amined then for Rh antibodies according to the method of Diamond and Den- 
toa ^ a single drop of serum being incubated in a small tube with a drop of 


From the Laboratory Service, Letterman General Hospital. San Francisco Calif 

W of the author and d0 not — - 

Received for publication, Jan. 27. 1947. 


423 



424 


HATTERSUSY 


2 per cent suspension of RlijRlu cells in 30 per cent bovine albumen. Parallel 
tests were set up using Rli-ncgative cells. Sera agglutinating the Eli-positive 
cells were then titrated, using tlie same cell suspension both in saline and in 
albumen. The serum dilutions for the latter were made in normal serum, as 
suggested by Levine and Bernstein. 0 For comparison, all sera showing anti-Rh 
activity were also tested with the blocking technique of Wiener. 

The results closely approximate those of Diamond and of Ross. Of the 
first 122 bloods examined, twenty were negative for the Rh 0 factor; of these, 
two were type Rh' and one was Rh". Of these twenty sera, eleven (or 55 per 
cent) contained Rh antibodies, all of the blocking or incomplete variety, 
and all were inactive against saline-suspended cells. Titers against RhjRh„ 
cells in albumen ranged from 1 :1 to 1 :5120, while blocking titers ranged from 
0 to 1 :32. The findings are summarized in Table I. 


Table I. Titers With IUqRii, Cells 


SERUM 

SALINE 

ALBUMEN 

BLOCKING 

1 

— 

1:4 

1:1 

o 

— 

1:04 

1:2 

o 

ti 

— 

1:2 

1:1 

4 


1:8 

1:4 

5 

— 

1:32 

1:2 

(! 

— 

1:128 

1:10 

7 

— 

1:8 

1:4 

8 


1:4 

1:1 

9 

— 

1:5120 

1:32 

10 

— 

1:04 

1:4 

11 

— 

1:1 

— 


It is evident that if these sera had been examined with saline-suspended 
cells only, all would have been discarded as containing no antibodies. Yet, many 
of these patients had had one or more transfusion reactions, a few quite severe. 
There can be little question that they were sensitized to the Rh factor by 
transfusion. 

In evaluating these findings it should be kept in mind that in choosing 
the subjects for this survey, all patients were included who gave any history 
of receiving whole blood overseas, or at small hospitals in tills country, regard- 
less of the number of transfusions or the elapsed time since the last one. Most 
of them had not received blood for many months. It seems quite likely that 
if they had been examined sooner after their last transfusions, the percentage 
showing antibodies would have been even higher. 

Further evidence of this sort comes from’ the work of Diamond 0 and of 
Wiener and Sonn-Gordon 10 in sensitizing Rh-negative volunteers by repeated in- 
jections of Rh-positive blood. Although there was a great deal of variation in the 
ease with which the volunteers were sensitized, the percentage who eventually 
developed antibodies when sensitizing doses were continued was extremely high. 

It would appear then that we must discard the notion that only one in 
twenty-five Rh-negative persons who are transfused with Rh-positive blood may 
become sensitized. Rather, it must be assumed that every Rh-negative patient 
is capable of developing Rh antibodies and should be transfused only with Rh- 
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negative blood. Transfusion reactions due to Eh sensitization are probably 
much more common than often is realized. Most of them can and should be 
avoided. 

Fallacy 2: Blocking Antibodies Arc Always of Bh 0 Specificity. In 1. 44 
and 1945 Race. 10 Wiener, 11 and Diamond 12 independently reported the discovery 
of an antibody which, while it did not of itself agglutinate Rh-positive cells, 
specifically combined with them so as to prevent their agglutination hi a known 
Rh agglutinating serum. This blocking antibody was described as specific foi 
the Ith 0 (D) element, of the cells, blocked Rh, cells behaving like Rh cells, 
and blocked Rli, cells like Rh". This specificity has repeatedly been emphasized 
in the literature. Wiener 4 has even suggested that this phenomenon be used 
in identifying antisera of unknown specificity, blocked Rh, and Rh, cells being 
used in place of Rid and Rh" which arc often not available. 

Several new techniques since have been developed to demonstrate these 
blocking antibodies by their active agglutination of Rh-positive cells in various 
viscous media, and these more sensitive methods have largely replaced the block- 
ing test in routine use. Yet, there have been very few reports of further study 
of Rh antisera with these new techniques to determine whether blocking anti- 
bodies of other than pure Rh 0 specificity ever occur. Diamond and Abelson, 1 - 
in describing their slide test for the blocking antibody, remarked that “Sera 
classified as anti Rh 0 are capable (by this technique) of agglutinating Rh' 
cells.” Callender, and associates 14 also have described a serum with a blocking 
antibody of anti-c (Hr') specificity. In neither ease, however, did the author's 
pursue the matter further. 

It is then of interest to report the findings in an analysis of the anti-Rh 
sera encountered in our survey of transfused patients. Sera found to agglu- 
tinate Rh,Rh 2 cells in albumen were tested for specificity by the same tech- 
nique, using Rh 0 , Rh'. and Rh" cell suspensions in albumen. The findings on 
the first ten sera ar - e summai’ized in Table II. 


Table n. Seba of 

Transfused Men ; Titers With Various Tates of 

Cells in Saline 


axe 30 Pee Cent Bovine Albumen 




| CELL TVPE 


Rh„ 

Rh' 

Rh" 

serum 

SALINE j ALBUMEN 

SALINE j ALBUMEN 

SALINE j ALBUMEN 

1 

— 1:4 

— 1:1 



— 

2 

— 1:64 





— 

3 

— 1:2 

• 



— 

4 

— 1:8 

— 1:1 

— 

— 

5 

— 1:32 

— 1:1 

— 


6 

— 1:64 

— 1:4 

— 

1:1 

7 

— 1:8 







s 

— 1:4 







9 

— 1:5120 — 1 :12S0 




to 

— 1:32 

— 1:1 

— - 

1:1 


It may be seen that, in spite of their complete lack of activity in saline, 
sis of the ten sera had unmistakable activity against Rh' cells in albumen, and 
two against Rh". These reactions were checked with the rabbit antihuman 
globulin technique of Coombs and associates. 10 with excellent agreement. 
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Furthermore, it was possible to demonstrate that Serum 9, with the highest titer 
of anti-Rh' antibodies, was capable of blocking Rh' cells in saline so that sub- 
sequently they could not be agglutinated by a standard anti-Rh' serum. 

In order to determine whether these findings would be limited to patients 
sensitized by transfusions, ten unselected sera from Rh-negative women who 
had been sensitized by Rli-positive pregnancies were evaluated similarly. The 
findings are summarized in Table III. 

Table III. Sera or Sensitized Rii-Negative Women; Reactions With Various Types or 
Cells in Saline and 30 Per Cent Bovine Albumen 


SERUM 



CELT/ 

TYPES 




Rh. 

1 1 

i Rh" 

SALINE 

| ALBUMEN 

| SALINE | 

ALBUMEN | 

| SALINE 

| ALBUMEN 

11 

— 

+ 4- 

— 

— 

— 

— 

12 

— 

*f + *f + 

— 

+ + + 4 

— 

— 

13 

— 

+ 4- + + 

— 



— 

— 

14 

+ + + + 

+ + + + 

— 

+ + + + 

— 

— 

15 

+ + + + 

+ + + + 

+ 

+ + + + 

— 

— 

1G 

— 

+ ++ + 

— 

+ + + + 

— 

— 

17 

+ 

+ + + + 

— 

+ + + + 

— 

— 

18 

— 

+ + + + 

— 

+ + + + 

— 

+ + + + 

19 

+ + + + 

+ + + + 

— 

+ + 

— 

— 

20 

+ + + + 

+ + + + 

+ 

+ + + + 

— 

— 


It may be seen that whereas the usual Rh'-typing serum consists of a mix- 
ture of Rh' agglutinins and Rli 0 -blocking antibodies, quite the opposite situa- 
tion is illustrated by Serum 14, a standard Rh„ agglutinating serum which 
proved to contain Rh'-blocking antibodies as well. Considering the twenty sera 
examined, of the eighteen which had no activity against Rh' cells in saline, 
eleven (or 60 per cent) agglutinated these same cells in albumen, while two 
others with weak Rh' agglutinins clumped these cells very much more strongly 
in albumen. While none of the twenty showed Rh" agglutinins in saline, three 
(or 15 per cent) agglutinated Rh" cells in albumen. 

It is realized that this series is small, but these preliminary observations 
appear sufficient to cast considerable doubt on the oft repeated statement that 
blocking antibodies are always of Rh 0 specificity. 

SUMMARY 

Two popular opinions regarding the Rli factors are discussed with evidence 
which suggests that they are fallacious : 

1. Only a small 'percentage of Rh-negative persons can become sensitized by 
transfusion with Rh-positive blood. Evidence is presented that more than 50 
per cent of such persons may develop antibodies. It is concluded that Rh- 
negative individuals should be transfused only with Rh-negative blood. 

2. Blocking antibodies are always of Rh 0 specificity. Twenty antisera from 
Rh-negative persons sensitized by transfusion or by pregnancy were examined 
for activity against Rh' and Rh" cells in albumen and in saline. Although 
none caused agglutination in saline, Rh' antibodies active in albumen were 
demonstrated in 60 per cent and Rh" antibodies in 15 per cent. 
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METABOLIC COMPLEXITIES OF PELLAGRA 

Pinup ITandlkk, Pii.D. 

Durham, N. C. 

T HE current concepts of metabolism in pellagra commenced with the iden- 
tification 1 of niacin as the blaclctongue preventive principle of liver whose 
existence had been established by Goldbcrger and Wheeler 2 and the occurrence 
of this compound as part of eodehydrogenases I and IT."' * The numerous 
investigations reported since these papers have added many pieces of informa- 
tion, but the over-all picture is one which has grown steadily’ more perplexing. 
Although the fundamental significance of the pyridine nucleotides in cellular 
respiratory mechanisms is beyond dispute, attempts to correlate the behavior 
of such systems with the usual manifestations of niacin deficiency have met with 
no success . 5 ’ 0 However, it does seem likely that failure of these systems is 
involved in the development of anemia in niacin-deficient dogs/ 

The nature of the precipitating factor which results in blaclctongue crises, 
characterized morphologically by lesions in the mucosa of the gastrointestinal 
tract and chemically by acidosis and dehydration, is as yet unknown. This 
crisis usually occurs within forty to sixty days after an adult dog is placed on a 
diet containing corn meal and the animal dies within a few days. Yet, the entire 
symptom complex disappears after a week of vigorous parenteral saline therapy, 
frequently never to return, although the animal survives for another three to 
six months . 5 While the niacin and coenzjmie concentrations of the tissues of 
dogs in blaclctongue are not reduced materially below normal, those of dogs suc- 
cessfully treated with salt solution, which survive several months longer, are 
dramatically reduced and death at this point does seem to be related to coenzyme 
deficiency. This situation scarcely seems compatible with simple niacin de- 
ficiency as the sole etiologie factor in the pathogenesis of blaclctongue. It has 
been noted that the niacin content of the diets on which pellagra and blaclctongue 
develop are not really remarkably low in niacin but contain an amount equal to 
that which must be added to prevent disease. Considering the rapid development 
of these diseases, this is a most unusual behavior for a simple vitamin deficiencj'. 
When it was found that the buccal manifestaitons of blaclctongue did not appear 
for many months in dogs on a synthetic ration very low in niacin content, that 
when they did appear they were not accompanied by acidosis or dehydration, and 
that one-third of the dogs simply declined steadily and died after three to seven 
months in much the same manner as dogs on corn meal rations who have been 
successfully treated with salt solution, it was suggested by the present author 8 
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that com is of positive etiologic significance in the development of blacktongne 
(and, presumably, of pellagra) and uot merely a food of relative!} Ion niacin 
content. While this was a revival of a time-honored, but hitherto unproved, 
thesis, it was based on experimental evidence. The same suggestion had been 
made earlier by Aykroyd and Swaminnthan® after an appraisal of the niacin 
intake of pellagrous and nonpellagrous populations. 

A new approach to this problem was offered by the finding that a suitable 
admixture of corn grits and a synthetic ration resulted in a suppression of rat 
growth which could be overcome by niacin 10 or by tryptophane. 11 At this writ- 
ing, data are available concerning the effects of tryptophane on apparent niacin 
deficiency only in the rat and chick. This is particularly unfortunate since 
these findings in the rat make it difficult to understand the development of fatal 
niacin deficiency in the adult dog on purified rations, providing what would seem 
to be an otherwise adequate tryptophane intake (22 per cent casein)® and the 
use of almost identical rations as the basis for a niacin assay with pups. 12 Since 
tryptophane administration results in an increased urinary excretion of niacin 
derivatives, particularly NMnethylnicotinamide, in rats, 13 the possibility exists 
that tryptophane may serve as a precursor for niacin synthesis. 

The presence of considerable quantities of a substance which has not been 
identified positively but with properties suggestive of quinolinic acid (pyridine, 
2,3-diearboxylie acid) in rat urine after tryptophane administration 20 offers a 
clue to the possible pathway of such a biologic synthesis of nicotinic acid from 
tryptophane. The observation that pyridoxine-deficient rats do not excrete extra 
N l -methylnicotinamide when given tryptophane 14 but do excrete abnormal 
quantities of xanthurenic acid, 15 a derivative of tryptophane, also makes a 
metabolic relationship between niacin and tryptophane seem likely. This defect 
in the metabolism of tryptophane in pyridoxine-deficient rats may be related 
to the demonstrated functioning of pyridoxine derivatives in decarboxylase 16 
and transaminase systems. 17 This niaein-tryptophane-pyridoxine relationship 
seems all the more significant when one notes that there exists reason to suspect 
that the fluorescent compound, F l; whose excretion increases with the develop- 
ment of pellagra 18 may be the pyridoxie acid found in the urine of normal in- 
dividuals after the administration of pyridoxine. 19 

It is somewhat disconcerting to note that increasing the casein intake of 
rats does not increase the N 1 -methylnicotinamide excretion in their urine. 14 
However, this situation yet may provide an explanation for the situation just 
described, in which fatal niacin deficiency was produced in adult dogs on a diet 
containing 22 per cent casein and no corn meal. This recalls the failure of 
Goldberger and Tanner to treat successfully persons with pellagra with as 
much as 90 Gm. of casein per day. 21 

Since the “yield” of niaein derivatives in rat urine after tryptophane 
administration is quite low on a percentage basis, the possible conversion of 
tryptophane to niacin can be established best by a tracer experiment involving 
He administration of tryptophane labeled with isotopic carbon or nitrogen 
The work of Krebl and associates 22 offers an alternative, albeit not mutually 
exclusive, mechanism for the tryptophane-niacin relationship. They observed 
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that niacin administration increased the efficiency of tryptophane utilization 
on a com grits-Iow casein diet from 30 to 70 per cent. Similar studies with 
pyridoxine would probably yield a qualitatively similar result. Indeed, such a 
relationship might be demonstrable between each, member of the B complex and 
the essential amino acids, although the present instance may operate via a specific 
metabolic path. 

Of potentially great significance in this connection and elsewhere is the 
observation 23 that, like corn meal, the addition of gelatin or a tryptophane-free 
hydrolysate of fibrin to a low casein (9 per cent) ration markedly depressed 
the growth of rats and this could be prevented by the further addition of niacin 
or tryptophane. One explanation which suggests itself is that by improving the 
supply of other essential amino acids the relative deficiency in tryptophane is 
more marked and that such a situation is more deleterious to the animal’s well- 
being than the original state of affairs. However, this would not account for 
the action of niacin. It may be that the increased over-all protein metabolism 
increases the demand for niacin much as an increased carbohydrate metabolism 
increases the demand for thiamine. There are, of course, other analogies to this 
situation, but it certainly suggests that an evaluation of the factor's leading to the 
development of pellagra must consider not only the tryptophane content of the 
diet but the total amount of protein as well. That com protein is tryptophane 
deficient has long been recognized and has been considered as a possible etiologic 
factor in pellagra by many investigators including Wilson, Mitchell, and Gold- 
berger. However, no suggestion of a specific protein-tryptophane-vitamin P-P 
relationship was made in the literature until the recent work of the Wisconsin 
laboratory. 10 ' 11 Further investigation of the metabolic interrelationships of pyri- 
doxine, tryptophane, niacin, and dietary protein is essential to the establish- 
ment of a rational concept of the etiology and pathogenesis of pellagra. 

Complex as these interrelationships now seem, to the situation must be 
added the existence of toxic principles in com and possibly other cereals. While 
the older literature contains many such speculations, no such material had been 
isolated until 1933 when Stockman and Johnston 24 reported that they had ob- 
tained from corn feed meal (corn from which the starch and oil had been re- 
moved) an acid which gave an insoluble lead salt and an easily ciystallizable and 
soluble sodium salt. No attempt to establish the identity of this substance was 
made. Single doses of about 1 Gm. given to Rhesus monkeys resulted in drowsi- 
ness and mild paresis. Repeated doses produced drowsiness, general paresis, 
paralysis, coma, and death. On histologic examination the only significant lesions 
were found in the nervous system. They consisted largely of degenerative 
changes not unlike those reported from time to time as occurring in persons 
with pellagra, and more recently in dogs. 25 Guinea pigs responded in the same 
fashion but rabbits seemed resistant to the substance unless very large doses 
were employed, in which event they died after a few hours. It is unfortunate 
that no studies were made with dogs. A similar material was obtained from oats 
and from one batch of rye but not another. Considering the symptomatology 
reported, it is interesting to speculate upon the possible relationship of this 
material to the toxic principles responsible for favism, lathyrism, and “non- 
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convulsive ergotism” (wliicli seems to be related to the ingestion of large 
quantities of ryo bread uncontaminated with ergot) and the therapeutic and 
prophylactic use of niacin in these states. 

Woolley 10 has presented a preliminary report in which is described the isola- 
tion from corn meal of an organic base, perhaps a pyridine derivative, which in- 
hibited the growth of mice when added in small concentration to a synthetic 
ration. Such a substance may behave as a niacin (or, perhaps specifically, 
niacinamide) antagonist in the manner already described for beta-aeeto- 
pyridine. 22 

A most recent pertinent report in this regard is that of Kodicek and asso- 
ciates 55 who observed that the inclusion of 1.5 mg. per cent of indole-3-aeetic acid 
(the plant hormone, heteroauxin) in a 10.5 per cent casein diet suppressed rat 
growth, and this could be prevented by niacin or tryptophane fed at 1 and 20 
mg. per cent, respectively. Since the com meal content of indoleacetie acid has 
been estimated variously as between 20 and 100 mg. per kilogram, 29 ' 30 it seems 
possible that this may be the long sought, toxic principle of com. Further, since 
both the auxins and the com toxin of Stockman and Johnston was obtained by 
initial heavy metal precipitation, it may be that these authors obtained a crude 
preparation of indoleacetie acid thirteen years ago, although they failed to 
identify it as such. Woolley’s pellagrenic agent is an organic base which can be 
extracted from an alkaline medium with chloroform and so cannot be indoleacetie 
acid, although the possibility remains that it is a basic precursor or bound form 
of heteroauxin. 

The excretion of indole derivatives in pellagrous urine has long been known. 
These have included indican 32 ’ 33 and indolethylamine. 34 While indoleacetie aeid 
itself has not been isolated, it is known that the red pigment observed in the 
urine of persons with pellagra and blacktongue dogs, thought to be a porphyrin 
by Beckh and co-workers, 35 is a mixture of urorosein and a substance similar 
to indirubin. 36 ’ 31 While nothing is known of the indirubin-like pigment, save 
for its indole nucleus, urorosein is actually excreted as uroroseinogen which 
was shown by Herter 38 to be identical with indoleacetie acid which is converted 
to the red pigment urorosein on standing in strongly acid solutions in the 
presence of traces of nitrite or other oxidizing agents. 

Until recently we had considered the presence of these indole compounds 
the result of unusually active bacterial putrefaction in the bowel due to the 
serious disturbances of gastrointestinal function occasioned by pellagra. The 
demonstration of a tryptophane-nicotinic acid relationship 10 ' 11 > 1! > 14 . m th en 
seemed to indicate a revision of this concept, although the presence of excessive 
quantities of indole derivatives in the urine of subjects on a purportedly 
tryptophane-deficient diet appeared irrational. The presence of such large 
quantities of heteroauxin in com meal renders such reasoning unnecessary. 
However, it should be realized that the urine of normal rats on a synthetic diet 
gives a positive urorosein reaction roughly proportional to the level of dietary 
casein and greatly intensified by feeding extra casein or tryptophane. 33 If this 
reaction is due solely to indoleacetie acid (no other known derivative of trypto- 
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phane gives this reaction), this substance which cannot be further metabolized 38 
appears to be a normal product of mammalian tryptophane metabolism. 

Much work remains to be done to establish the mode of action of indoleacetic 
acid in order to determine its role in the etiology of pellagra. On purely struc- 
tural grounds one might conceive readily of it as an inhibitor of the metabolism 
of either nicotinic acid or tryptophane or both. Does it block the conversion of 
tryptophane to niacin, inhibit coenzyme synthesis from niacin or niacinamide, or 
the conversion of niacin to niacinamide or vice versa, or perhaps stimulate the 
metabolism of mammalian cells as it does certain plant cells and thereby increase 
the niacin requirement as previously postulated for the effect of administration 
of tryptophane-deficient proteins? This might be clarified by studies with 
synthetic plant hormones (such as, 2.4 dichlorophcnoxyaeetic acid) which contain 
no indole nucleus. Dubos 57 has reported that indoleacetic acid and a number of 
related substances inhibit the growth of Mycobacterium tuberculosis, Strepto- 
coccus hemolyticus, Streptococcus salivarius, and Shigella paradyscntcriac, and 
this inhibition of growth can be reversed by tryptophane in a concentration about 
ten times that of the inhibiting auxin. If this phenomenon represents a struc- 
tural inhibition similar to those of the vitamin analogues studied by Woolley, 
it is most unusual to find the inhibitor functioning at a lower concentration than 
the normal metabolite and suggests a more specific role for the auxins. It is 
unfortunate that no study was made of nicotinic acid in this connection. On the 
other hand, in similar studies in this laboratory 30 we have not observed any in- 
hibition of growth or acid production by indoleacetic acid in cultures of such 
variegated organisms as Streptococcus faccalis, Lactobacillus arabinosis, Staphy- 
lococcus aureus, Proteus vulgaris, Acrobactcf acrogencs, and Escherichia coli, 
except when rather high concentrations of indoelacetic acid were employed. 
Then, however, the inhibition was not alleviated by niacin or tryptophane. These 
facts, coupled with the failure of indoelacetic acid to stunt the growth of almost 
half the rats in the study of Kodicek and associates, 28 warrant considerable 
caution in evaluating the role of this compound in the etiology of pellagra. 

The final thread in this story, to date, is the observation of Raska 31 that 
administration of 0.4 Gm. of adenine plus sodium phosphate per day to dogs 
on a good, standard laboratory ration induced the development of a blacktongue- 
like syndrome accompanied by a moderate hypertension in as little as one week, 
the animal dying after fourteen days. Until this observation is coupled with a 
therapeutic or prophylactic trial of niacin, tryptophane, or even whole liver sub- 
stance and until some data are available concerning the quantitative distribution 
of adenine in foodstuffs, it will not be possible to determine the significance of 
this observation in the etiology of pellagra. However, this finding well may be 
of far-reaching fundamental significance, and further investigation should 
certainly be prosecuted vigorously. 

Therefore, it appears that pellagra, as it occurs endemic among a corn-eating 
population, is a disease involving the metabolic interrelationships of niacin, 
pyridoxine, tryptophane, indoleacetic acid, perhaps adenine, and at least one 
other unidentified toxic substance, to say nothing of the effects of the numerous 
other vitamin and amino acid deficiencies and general level of protein intake 
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associated with such a diet. Which, if any, of these factors other than the niacin 
is involved in the development of the fatal acidosis and dehydration of the crises 
of blacktongue and pellagra, as seen on a corn diet and the mode of action of 
niacin in this connection, remains obscure. Despite these many gaps in our com- 
prehension of the pathogenesis of pellagra, to Ilarriette Chick 10 must go credit 
for what now seems the first proper formulation of pellagra; she states that 
“Pellagra is caused by a toxic substance derived from the maize diet, which can 
be corrected by sufficient ‘good’ protein or perhaps by sufficient vitamin B, 
(which is found to accompany the ‘good’ proteins).” 

That corn is not essential to the pathogenesis of classical pellagra long has 
been known and has been described in epidemic proportions among the in- 
habitants of a Japanese prison camp ' 11 who were living on a diet high in carbo- 
hydrate (on a percentage basis) but low in calories, protein, sources of the 
B complex and entirely lacking animal protein. The pellagra was complicated 
by nutritional edema and beriberi, in contradistinction to the dehydration of 
pellagra seen among corn eaters, and consisted mainly of extensive lesions of 
the skin and the mucosa of the gastrointestinal tract. In this connection it is 
well to note that there exists, as yet, no correlation between the known physio- 
logic and chemical mechanisms involving niacin and its derivatives and the 
integrity of the skin and mucosa. Nor is there any explanation for the observa- 
tion that exposure of the skin to sunlight not only results in an exacerbation 
of the dermatitis but of the systemic manifestations of pellagra as well . 42 The 
pathogenesis of the Chittenden-Underhill syndrome 43 - 44 needs further study. 
This syndrome which occurs in vitamin A-deficient pups may actually bear no 
etiologie relation to blacktongue and may be simply another expression of the 
disturbed “integrity” of mucosal and epithelial structures usually found in 
vitamin A-deficient animals. In this case it is manifest as an infection of the 
mouth with Vincent’s organisms as also has been found in niacin deficiency 
blacktongue 45 but, perhaps for entirely different reasons. 

A few other unsolved problems of niacin metabolism also may be worth 
mentioning. No explanation is available for the fact that niacin administration 
results in an elevated red cell concentration of the pyridine nucleotides while 
nicotinamide administration does not. 46 - 47 This seems even more puzzling, 
considering the vitamin action of nicotinamide, the existence of nicotinamide 
and not the acid in the coeuzyme molecules, and the fact that the tissue (includ- 
ing erythrocytes) enzyme which destroys these nucleotides does so by cleaving 
nicotinamide as such from the remainder of the molecule , 43 a reaction which is 
inhibited by the presence of nicotinamide but not niacin . 43 - 40 In contrast, it is 
nicotinamide which has been reported to prevent cobalt-induced polycythemia 
in rabbits . 50 No information is available concerning the effects of niacin in this 
connection nor of the effects of niacin, niacinamide, cobalt, or combinations 
thereof on the pyridine nucleotide concentrations of red cells in this species. 
While niacin and niacinamide distribute themselves equally between eiythroevte 
and plasma water , 47 red cells show a considerable avidity for N l -methylnico- 
tinamide, the erythrocyte concentration of the latter remaining considerably 
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elevated long after the plasma concentration has returned to normal following 
intravenous administration. 81 

Najjar and associates 85 have proposed that it is the methylated pyridinium 
form of niacin which may be the physiologically active form of the vitamin. 
They claim to have demonstrated antiblncktongue activity for N J -methylnicotin- 
amide in dogs and also to have treated successfully a hamster, moribund in 
nicotinic acid deficiency. 00 (It may be noted parenthetically that other workers 
have failed thus far to produce nicotinic acid deficiency in the hamster.) This 
hypothesis was furthered by the report of Vance 84 describing amelioration 
of dermatitis and glossitis in a case of pellagra on treatment with N l -methyl- 
nicotinamide. However, since the psychomotor disturbances in this patient 
apparently became even more severe after this treatment and since the patient 
had previously been given 20 mg. of nicotinamide, it is not possible to evaluate 
properly this report. Store recently, Najjar and Deal 88 have claimed to demon- 
strate demethyhation of N'-methylnicotinamide by estimating its lipotropic 
activity in choline-deficient rats. However, the variable activity they obtained 
undoubtedly can be ascribed more properly to the diminished appetite of such 
rats; this, indeed, has been found to be the case in this laboratory. 60 The minute 
excretion of nicotinamide and nicotinic acid in the urine of these rats after 
eating diets containing 1 and 2 per cent of N'-methylnicotinamide easily may 
have been due to impurities in the N 1 -methylnicotinamide preparation. At any 
rate, useful demethylation does not appear to be a major metabolic pathway for 
this compound. Since this substance possessed no antiblaclrtongue activity when 
tested in the "Wisconsin laboratory, 88 there is, as yet, little reason to believe that 
the methylated form of nicotinamide is the biologically active structure, al- 
though the inethylation of nicotinamide yet may be found to serve a physio- 
logically “useful” role. Further work also is required to elucidate the 
physiologic significance of the oxidation of N 1 -methylnicotinamide to the cor- 
responding 6-pyridone. 82 No physiologic role has been ascribed to unbound 
niacin (that is, niacin not present as part of the pyridine nucleotides) which 
has been found in significant concentration only in the liver and whose concen- 
tration does not drop markedly even in animals dying of niacin deficiency, 
while that of the pyridine nucleotides is drastically reduced. Tliis problem may 
be resolved by more accurate determinations of pyridine nucleotides in fresh 
liver. 
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NITROGEN BALANCE 

Philip Handler, Ph.D. 

Durham, N. C. 

S TUDIES o£ nitrogen balance have been made in countless physiologic and 
pathologic conditions. The scheme given herein, while obviously inadequate, 
is offered as a framework for the consideration and interpretation of such data. 

The proteins referred to are the tissue proteins in general. While one might 
consider the liver proteins to be most important, it has been amply demonstrated 
that in hemorrhagic shock there occurs a liberation of amino acids from the 
proteins of skeletal muscle. 1 The processes involved in reactions 1 and 2 are but 
little understood. Nevertheless, the classical work of Schoenheimer and colleagues* 
has left no doubt that tins interchange is of a rapid, dynamic, and constant na- 
ture heretofore totally unrealized. There must exist a host of factors whieh influ- 
ence the rate, extent, and equilibrium point of such reactions. Reason does exist 
to suspect that these reactions do not necessarily entail complete degradation and 
resynthesis of the tissue protein molecules. A deficiency of a single essential 
amino acid, even in the adult expected to be in nitrogen equilibrium, would 
suffice to maintain the equilibrium in favor of reaction 2 since there is no reason, 
at present, to suspect the synthesis of a protein molecule lacking any one of its 
normal constituent amino acids. Interruption of endocrine control (the anterior 
pituitary) perhaps may shift the reaction toward amino acid accumulation as 
may also excessive adrenocortical or thyroid activity, while excessive pituitary 
function and testosterone administration in both sexes increase nitrogen reten- 
tion and protein accumulation. Since the reactions involved in protein synthesis 
are endergonic it should be expected that any disturbance of intracellular energy 
metabolism, the simplest being anoxia, would also interfere with protein synthesis 
and result in accumulation of amino acids. All told, the mechanisms involved 
in reactions 1 and 2 and the physiologic factors governing them await consider- 
able investigation. 

Reaction 3 represents the reversible formation and degradation of non- 
protein materials. There are only a few known examples of this type, such 
as glutathione, and they may he ignored in the remaining discussion. Reactions 
4 and 5 represent the reversible oxidative deamination and transamination of 
amino acids. Again, the exceedingly rapid and constant rate of these reactions 
has been demonstrated by Schoenheimer and colleagues. However, the succeed- 
ing steps, urea formation (reaction 6) and ultimate CO. production (reaction 14), 
arc not reversible. Any process which accelerates either of these reactions will 
automatically accelerate the other as reaction 5 then is no longer possible. The 
increased demands for energy or glucose formation imposed by such conditions 
as total inanition, partial calox-ic starvation, and diabetes may he regarded as 
exampl es of negative nitrogen balance due to acceleration of reaction 11. These 
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conditions may be under nervous or endocrine control or may be simply the 
result of driving a reaction “to the right” by removing one of the end products. 
No circumstance is lmown in which one can definitely attribute negative nitrogen 
balance to increased urea synthesis, although this remains a possibility in 
some forms of negative nitrogen balance resulting from trauma, and in 
fasted animals after administration of adrenocortical extract. However, were 
such a situation to arise it could, perhaps, be demonstrated and alleviated 
temporarily by administration of purine drugs (caffeine, theobromine) which 
inhibit urea formation by way of the ornithine cycle but not the glutamine 
mechanism.* 5 

TISSUE 



Reaction 7 is the irreversible formation of nitrogenous derivatives of amino 
acids, that is, melanin, adrenalin, histamine, creatine, sarcosine, choline, /?- 
alanine, carnitine, pyrrol compounds, purines, pyrimidines. It may he assumed 
that when these substances are formed the carbon skeletons of the essential 
amino acids from which they are derived are irretrievably lost for purposes of 
protein synthesis. In the same fashion the synthesis of nonessential amino 
acids from essential precursors (cystine from methionine, tyrosine from 
phenylalanine), reaction S, also results in the irreversible loss of the essential 
amino acids involved. The apparent resynthesis of essential amino acids from 
nonessentials via reactions 8, 10, and 5 does not occur since, of course, entirely 
different a-keto acids are involved. 

While little is known of the factors involved in positive nitrogen balance, 
there seems little reason to believe that it is the consequence of the complex 
phenomena necessary to dam reactions 4, 7, 8, etc. It would seem more reason- 
able to consider positive balance the result of a displaced equilibirium of 
reactions 1 and 2, perhaps noth the growth hormone of the anterior pituitary 
as the dominant controlling factor. Again, no definite evidence is available 
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to decide whether this operates by decelerating protein hydrolysis (reaction 2) 
or accelerating its synthesis (reaction 1). However, the studies of Sehoen- 
heimer suggest that consideration is necessary only of altered reaction rates as 
both processes are in constant flux in young growing animals as they are in 
adults. 

Negative nitrogen balance has been observed in many different circum- 
stances. The situation to be considered first is that in which an adult subject 
is offered a diet more than adequate in all known respects but completely lacking 
protein or amino acids. The nitrogen excretion in adult human beings under 
such circumstances has been variously estimated at .025 to .04 Gm. per kilogram 
per day (2 to 4 Gm. per adult) of which a relatively small fraction is urea 
nitrogen. This value, then, represents the daily obligatory nitrogen loss and 
is the resultant total of all the obligatory irreversible reactions involved in the 
previously mentioned scheme. It is identical with what Folin termed endogenous 
nitrogen, although the endogenous-exogenous concept is invalid under all other 
circumstances. 2 It is not possible to determine to what extent the urea excretion 
is simply the consequence of reactions 4 and 6 or whether it is largely due 
to reactions 7, 8, 9, etc. The low rate of urea excretion suggests that the latter 
possibility is the more likely. 

The second situation is the negative nitrogen balance associated with a 
deficiency of a single essential amino acid. It is obvious that in a serious de- 
ficiency of this sort no new protein synthesis is possible, as incomplete proteins 
are unlikely, and the bulk of the dietary nitrogen so provided would be discarded 
in the urine in various forms but largely as urea. However, there then still 
exists an obligatory metabolism of the missing amino acid. It is readily avail- 
able from reaction 2. Some of that amino acid must then be metabolized via 
the paths of reactions 4, 7, 8, and 11. But, as a result, the other amino acids 
originally present in the protein from which this “eatabolized” amino acid was 
derived are no longer useful for protein synthesis and are in consequence de- 
graded and discarded. The extent of negative nitrogen balance is, therefore, 
far greater than that due to the loss of the nitrogen in the missing amino acid 
alone. 

Were this description of the situation complete, negative nitrogen balance 
in single amino acid deficiencies should never be greater than that seen in the 
total protein deficiency previously discussed. In the latter situation the amount 
of nitrogen lost should be determined by that amino acid whose obligatory 
metabolism is greatest. Such data are not available yet for the ten possible 
deficiencies in order to determine which acid is the limiting factor, and this will 
he possible only when carefully controlled determinations are performed usum 
the same subjects for all deficiencies. The same subjects also should undergo 
complete protein deficiency on an otherwise adequate diet, and in each case 
sufficient time must he allowed for the new equilibrium to be attained as the 
adjustment to a new “plane of protein nutrition” appears to be a rather slow 
process. However, reason does exist to suspect that the negative nitrogen loss 

amino acid deficiencies than in total protein depriva- 
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tion. While many other examples may exist in the literature, two may be taken 
from recent publications. Thus, it lias been found that the addition of 6 per cent 
gelatin or a tryptophane-free fibrin hydrolysate to a diet containing 9 per cent 
casein actually markedly depressed the growth of young rats to a level below 
that on the basal 9 per cent casein diet.* Growth was restored to its original 
level by the further addition of tryptophane (or nicotinic acid), seemingly 
indicating that an increased total amino acid ingestion also increased specifically 
the tryptophane or nicotinic acid requirement. The failure of tryptophane 
plus gelatin to increase the growth rate above that on the basal diet is taken to 
indicate another amino acid as the limiting growth factor. Earlier, Jackson and 
associates 5 considered the rat growth inhibition occasioned by the addition of 
gelatin to a high casein diet, the result of a toxic property of gelatin, since growth 
could not be restored bj' addition of the amino acids known to be lacking in 
gelatin. This does not appear to be the ease in the work with fibrin hydrolysates 
and further work is required before the status of gelatin can be certain. 
Similarly, ICornberg, 0 investigating the nutritive requirements for granulocyte 
production in the rat, found that the addition of methionine and tryptophane to 
a basal gelatin diet actually increased the mortality rate from 25 to 90 per cent in 
a four-day test period. Reasoning from these two examples, then, it seems not 
unlikely that, in like fashion, single deficiencies may induce a greater nitrogen 
loss than that of total protein deprivation. If this proves to be true, no mecha- 
nism for the phenomenon is yet available. The situation, however, is analogous 
to that long known to investigators of B complex deficiencies, namely, that 
single vitamin deficiencies (such as thiamine) result in a more dramatic weight 
loss and earlier deaths than do diets devoid of all members of the B complex. 
The physiologic factors involved in such deficiencies may be elucidated by more 
complete investigation of the mechanisms involved in the toxicity of single amino 
acids, virtually all of which are lethal when fed or given parenterally in large 
quantities. 21 

Pew quantitative data are available concerning the extent of nitrogen loss in 
human single amino acid deficiencies. Tryptophane and lysine deficiency re- 
sulted in a maximum daily negative balance of about 4 Gm. each of nitrogen, 7 
while valine and methionine deficiencies resulted in maximum daily nitrogen 
losses of 2.9 and 1.6 Gm., respectively, per day. 6 No quantitative data were in- 
cluded in the report that deficiencies of threonine, leucine, isoleueine, and 
phenylalanine also result in negative nitrogen balance. 0 All these were tested on 
healthy adult male subjects on a diet providing approximately 3,000 calories 
and 7 Gm. of nitrogen per day. It is noteworthy that, thus fax’, no deficiency 
of a single amino acid has occasioned a nitrogen loss greater than that of total 
protein deprivation, although it should be added that these all have been rela- 
tively brief expei’iments. It will be of intei’est to learn the extent of nitrogen 
loss in the other possible deficiencies as well as the effect of increasing the total 
nitrogen intake. The failure of histidine deficiency to evoke a niti’Ogen loss 
under similar conditions in the same subjects 0 seems surprising in view of the 
high histidine content of globin and the rapid turnover of erythrocytes. 
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The third commonly observed situation involving negative nitrogen balance 
is that occasioned by various forms of trauma, such as burns, fractures, surgery, 
hemorrhage, and even complete bed rest. The nitrogen lost here is excreted 
largely as urea. (The loss through weeping exudates may be disregarded.) 
No critical data yet have been obtained to determine the underlying basis for this 
phenomenon, nor is there necessarily a common mechanism; however, until 
proved otherwise it is helpful to consider it of the same origin as the so-called 
toxic destruction of protein associated with acute infectious states. By and 
large, the nitrogen loss appears to be proportional to the severity of the trauma 
or infection although there have been numerous exceptions reported. These 
negative balances have been quite refractory to parenteral or dietary protein. 
Instead, the administration of the equivalent of about 15 Gm. of nitrogen (as 
protein or an amino acid mixture) has usually resulted in an almost equivalent 
increment in urinary nitrogen excretion. However, protein therapy has proved 
most beneficial during convalescence from such injuries. 

Considering, then, the various possibilities in the scheme, reaction 2 seems 
a definite possibility in view of the marked increase in blood amino acids found 
in hemorrhagic shock. 50 This perhaps might be occasioned either by moderate 
tissue anoxia or direct adrenocortical control. It is noteworthy that anterior 
pituitary growth hormone does not prevent or diminish the negative nitrogen 
balance observed in rats with fractured femurs. 51 The possibility of tissue anoxia 
does not seem significant in subjects with bone fractures or those who were 
simply put to complete bed rest. However, here the atrophy of the immobilized 
limb cannot be disregarded, and whatever may control this situation, it cannot 
be stated whether the total negative nitrogen balance observed after fractures 
is any greater than that of the injured member itself, a phenomenon which also 
may occur on a small scale in all the skeletal muscle of the subject during com- 
plete bed rest. c 


Excessive urea production as the initial basis of negative nitrogen balance 
has not been demonstrated. If it does occur, it could be demonstrated by purine 
administration. When the latter depresses urea excretion, a rise in the blood 
concentration and urinary excretion of amino acids should be expected when 
excessive urea synthesis itself is not the primary malefactor. Nor has any 
great demand for glucose or fat synthesis after trauma been observed while the 
administration of glucose in febrile states has not diminished appreciably the 
nitrogen loss. 


Reactions 7 and S remain untested and likely possibilities. Should trauma 
occasion an increased irreversible production of some substance, X, from an 
essential amino acid precursor, this would be tantamount to the production of a 
single amino acid deficiency. The extensive negative balances of burned subjects 
have been rather refractory to parenteral or dietary protein therapy. If negative 
balance were caused by such a physiologic rather than nutritional essential 
ammo acid deficiency, then it might be presumed that equilibrium could not be 
restored by Providing total protein equivalent to that lost as urea but onlv 
by meeting the unusual requirement for the particular amino arid in question 
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Only one amino acid, methionine, has been so tested and it was found effective 
in reducing the negative balance of burned rats on a low protein diet by Croft 
and Peters. 12 Increasing the dietary protein level also prevented negative 
balance, even though the increased protein supplied only one-third as much 
methionine as the minimum effective supplement of free amino acids. The 
nitrogen loss in these animals was not as dramatic as that in burned human 
beings and also differed in that the situation provolcing nitrogen loss in burned 
human beings is refractory to protein therapy for a considerable period after 
the accident. Moreover, this effect of methionine has not been confirmed in 
burned rats and human beings by other investigators 13 ’ 22 including those in this 
laboratory.” Nevertheless, the theoretical significance and clinical potentialities 
of such therapy certainly warrant a complete investigation of this and the 
other essential amino acids in like fashion. 

It is noteworthy also in this connection that those investigators who have 
sought the minimum level of protein intake which would maintain the adult in 
nitrogen balance usually have thought that cannibalism would be the ideal 
situation in that this would most nearly provide an amino acid mixture of the 
desired proportions. While this may yet prove true for the growing animal, it 
is not true necessarily of the adult since there is no evidence to indicate that the 
pattern of obligatory daily amino acid destruction represented by reactions 4, 6 
to 9, and 11 to 14 in anywise resembles quantitatively the relative concentrations 
of the amino acids of the tissue proteins. For this reason, the relative propor- 
tions of the dietary amino acids for optimum nutrition in infants and children 
may bear little resemblance to adult maintenance requirements. 

The nature and locus of the action of endocrine control of nitrogen metab- 
olism are now entirely obscure. Certainly, further investigation of the role 
of the anterior pituitary, adrenal cortex, thyroid, and gonads is warranted. 
The possibility of nervous control has received comparatively little attention. A 
clue of great potential significance is offered by patients with brain injuries who 
have been observed by neurosurgeons to develop perforating gastric and duodenal 
ulcers within twenty-four hours of the brain accident. It has been well estab- 
lished that prolonged ingestion of low protein diets results in the development of 
gastric and duodenal ulcers in laboratory animals, 15 ' 19 and Somervell 20 has called 
attention to the high incidence of duodenal ulcers in the population in the south 
of India which subsists on an extremely low protein ration. It seems possible, 
therefore, that such injured patients may develop a fulminating protein de- 
ficiency which in turn leads to the ulceration.* Such ulcers are not uncom- 
mon in burned patients as well and liver damage in the latter also has been 
found, perhaps again indicating the possibility of an induced specific amino 
acid ‘ deficiency. This situation might also provide a bridge between the 
biochemical factors (gastric acidity, pepsin, protein deficiency), the physiologic 
factors (action of the vagus, pylorospasm), and the unquestionable psychogenic 
factors in ulcer formation. 

•This possibility arose in conversations with Dr. J. S. Harris, with whom studies of this 
situation are now In progress. 
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ASSAY OF PENICILLIN, STREPTOMYCIN, TKIVALENT ORGANIC ‘ 
ARSENICALS, AND OTHER BACTERICIDAL AND 
BACTERIOSTATIC AGENTS 

A Technique Based on an Original Application of Mathematical Principles 
With Adaptations foe All Assay Purposes 

Edwin E. Osgood, M.D. 

Portland, Ore. 

With the Technical Assistance of Barbara Gamble, B.S. 

A SIMPLE, rapid, accurate, flexible technique for assay of antibacterial 
agents has been described elsewhere. 1 In the same article nomographs are 
published permitting determination of results of the assay by inspection. Also 
in this article are given the details of the materials and equipment needed and 
references to previously published assay methods. 

The present article is written for those invest igators who wish a full under- 
standing of the mathematical basis for the calculation, an outline of its adapt- 
ability for various purposes, an idea of the accuracy attainable by each of these 
adaptations, and an understanding of the effects of the various variables in- 
vestigated in the course of developing the method. 

Foster and Woodruff 2 reviewed the penicillin assay methods available and 
formulated certain criteria for an “ideal” method. While many assay methods 
have been published since the date of this excellent review, none have generally 
displaced those in use in 1943. The investigation herein described was initiated 
in an attempt to meet the requirements of these authors. 


the principle of the method 


Our observations have shown that : 


1. The growth of bacteria in culture of the type used in these experiments 
is directly proportional to the change in optical density of the culture. 

2. The optical density can be read directly on the Klett-Summerson 
colorimeter (scale is = 500 x optical density). 

3. An accurate growth curve can be plotted using scale readings directly 
from the Klett-Summerson colorimeter (1 division = 20,000,000 colonies per 
cubic centimeter). 

4. The tangent of the angle between the straight-line growth curve of a 
control and of antibiotic-containing culture is directly proportional to the anti- 
biotic concentration under the conditions specified. 


From the Division of Experimental Medicine, Department of Medicine, University of 
Oregon Medical School. 

Aided by a grant from John C. Higgins. 

The penicillin and streptomycin used were made available by the Food and Drug Administra- 
tion of the Federal Security Agency, E. R. Squibb & Sons, New York, N. Y., The Upjohn com- 
pany, Kalamazoo, Mich., and Abbott Laboratories, North Chicago, III. The trlvalent organic 
arsenicals were supplied by Abbott Laboratories. 
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5. This tangent can be determined from the difference in turbidimetric 
readings which occurs with time in each culture during the straight-line phase 
of growth. Therefore, only one control and one known concentration of peni- 
cillin are needed to determine many unknowns, and a determination is possible 
before the difference in turbidimetric readings between the control and penicillin- 
containing cultures is statistically significant. 

When, at a later time, the difference in turbidimetric readings between the 
control and penicillin-containing cultures is statistically significant, this differ- 
ence is proportional to the square root of the penicillin concentration; therefore, 
the computation may be made by both methods if desired. 

STAXDAHD TECHNIQUE 

This permits assay by each of two methods on the same sample. All tech- 
niques are described for penicillin assay first, since only minor modifications are 
necessary for assay for streptomycin, trivalent organic arsenicals, or other anti- 
biotics. All manipulations are made with sterile tuberculin or 5 c.e. Luer 
syringes and 26 gauge needles through 70 per cent alcohol on vaccine vial caps. 
The 0.85 per cent NaCl used for dilutions and the Bactotryptose phosphate broth 
for the cultures are kept in sterile vaccine vial-eapped containers. All photo- 
electric turbidimetric readings are made with the Klett-Summerson photoelectric 
colorimeter, using a No. 66 filter, on a 5 c.c. volume in the vaccine vial-capped 
colorimeter tubes for this instrument. All concentrations, unless otherwise 
specified, refer to the concentration per cubic centimeter in this 5 c.c. volume. 
The organism foimd most suitable for the test is the Oregon-J strain of Staphy- 
lococcus aureus obtainable from the American Type Culture Collection* by re- 
quest for No. 9801 or from the National Collection of Type Cultures! by request 
for No. 6982. After incubation until growth has reached the proper turbidity, 
keep the inoculated culture in an iee bath in the refrigerator. It is usable for 
a week. 

The following photoelectric colorimeter readings are made : 

A = the broth blank on each new lot of bactotrvptose broth 
B' — the culture blank on inoculated broth before placed in the ice 
bath; should be checked just before use each day 
B' — A = turbidity due to bacterial growth in the broth culture 
and should be 12 to 15; 15 corresponds to a colony count of 
300,000,000 per cubic centimeter 

Set up a control, a known, and as many unknown photoelectric colorimeter tubes 
as desired, as shown in Table I. The known should contain 0.04 unit of penicillin 
per cubic centimeter corresponding to the addition of 0.5 c.c. of a 0.4 unit per 
cubic centimeter dilution of a standard penicillin preparation. Concentrated 
unknowns should be diluted to an estimated concentration of 0.2 to 0.4 unit per 
cubic centimeter and 0.5 c.e. used. On each of these tubes in rapid sequence take 
the following readings : 

•Georgetown University, Washington, D. C. 
tThe Lister Institute. London. England. 
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B: at 0 time just beforo putting tubes in the 37 degree water bath; 
tliis is the culture blank 

0: 1.5 hours after incubation is started 

D: 2 hours after incubation is started 

E: 2.5 hours after incubation is started 

F: 4 to 30 hours after incubation is started, usually the next morn- 
ing 

Beading D may be omitted except when unusually high concentrations are 
anticipated or the earliest possible result is desired. Reading B is necessary only 
when unknowns differ widely in turbidity or color. During the interval between 
Readings B and C, the cultures are in the lag phase of growth, the growth curves 
are not straight line, and there is little antibiotic action. 

D - C = y„ the turbidity due to bacterial growth during tho first 
half hour of straight-lino growth 

E - D = y., the turbidity due to bacterial growth during the 
second half hour of straight-line growth 

Ideally, y x and y« should be equal. 

E-0 = y„ the turbidity due to bacterial growth in tho first hour 
of straight-line growth, = y, + y, 

The figure usually used in the calculation by Method 1 is y 3 . 

F - B = turbidity due to bacterial growtli cnllcd corrected F, and 
the diffcrcnco between corrected F for tho control and 
for each of the antibiotic-containing cultures is called y, 


This is the figure used in calculation by Method 2. Data are recorded as shown 
in Table I. 

Table I. Data of Typical Experiment 



TUBE 1 — CONTROL 
(C.O.) 

TUBE 2 — KNOWN 
(C.C.) 

TUBE 3 — UNKNOWN 
(C.O.) 

Ada 

0.85% NaCl 

0.4 U. per c.c. Na peni- 
cillin 

Unknown solution 

Broth culture 

0.5 

4.5 

0.5 

4.0 

0.5 

4.5 

READING 

: TIME* 
(hr.) 

COLOR* DIFFER* 

IMETER ENCE 

READING Y 

COLOR- DIFFER- 

IMETER ENCE j 

READING Y 

COLOR- DIFFER- 

IMETER ENCE 

READING Y 

A=10, broth blank 
B, blank for F 

C 

y, = D-C 

v 5 = E - D x 

E 

y s =E-c=y 1 +y 1 

F 

Corrected 

F=(F-B) 

or e 

0 

0 

1.5 

2.0 

2.5 

22.5 

20 

60 

21 

81 

22 

103 

43 

230 

210 

21 

54 

13 

67 

12 

79 

25 

51 

30 

180 

20 

56 

16 

72 

16 

88 

32 

110 

90 

120 


•In the 37° C. water bath. 
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THEORY OF THE CALCULATION 

Note that area 1 in Fig. 1 shows the growth curves of a control and a 
penicillin-containing known or unknown of a typical experiment. Area II is an 
enlargement of the indicated portion of area I with a relative increase m scale 



on the X axis to separate the curves for greater clarity. R refers to photo- 
electric colorimeter readings. The time scale for area I is in hours ; for II it is 
in minutes, with the 0 beginning at the time of Reading C. In a typical experi- 
ment this is 1.5 hours after the tubes were placed in the 37° C. water bath, but 
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it may be any time while growl Iv is straight line. A, B, C, D, E, and F are, 
respectively, the photoelectric colorimeter readings for the broth blank, the 
culture blank, the three readings during the 3 -hour period used in the calcula- 
tion for Method 3, and the final reading at 38 to 24 hours used in the calculation 
by Method 2. Note in the enlarged area II that the straight-line growth curves 
of the control and penicillin-containing known or unknown separate at the point 
marked 0, where the Y and X axis are drawn to intersect, and that prior to this, 
as indicated by the curved dotted line, the growth is not straight line and there 
is no difference in turbidity between the control and the penicillin-containing 
cultures. Note that v t is the difference between the colorimeter reading, I), of 
the control or penicillin : containing culture and its reading, C, 30 minutes earlier, 
and that this forms one side of a right triangle with the time interval, X, of 30 
minutes, or 5 units on the X axis forming the other side and the growth curve 
the hypotenuse. The same is true for the difference, y a , between the Headings 
C and E, except that here the value of X is 1 hour or 30 units on the X axis. 
Therefore, the value of yi divided by the corresponding value of X is the tangent 
of the angles C x or of Iv x or Ui. Since parallel lines intersecting a straight line 
form equal angles, angle Ci — angle C and angle If x or Ui = angle K or U. 
By inspection it is evident that angle C is the angle which the control makes with 
the X axis and angle K or U is the angle which the penicillin-containing culture 
makes with the X axis. It is apparent that y x or y 3 divided by the corresponding 
values of X give the tangents of Ci, If x , or U x and hence of C, If, or U. Note 
further that while the Headings C, D, and E are taken later for the penicillin- 
containing known or unknown than for the control, this time lag does not alter 
the value of the tangents so long as the growth curves are still in the straight-line 
phase. Note by inspection that angle C - angle If or U = angle K'i or U'j, the 
angle at which the penicillin-containing culture leaves the control culture. By 
construction, angle If' or U 7 = angle If't or U'i. This construction is equivalent 
to making the growth curve of the control coincide with the X axis and rotating 
the growth curve of the penicillin-containing culture through an equal arc. The 
tangent of angle If' or U' then is a measure of the rate at which the growth 
curves of the antibiotic-containing cultures are deviating from the growth curve 
of the control culture. 


This method of computation allows for differences in effectiveness of the 
antibiotic agents with differences in growth rate. It has been found, as shown 
by the results reported in Tables IV to YI for Method 1, that the tangent of the 
angle between the growth curves of the control and the known or unknown cul- 
tures is directly proportional to the antibiotic concentration for the antibacterial 
agents so far tested. Because it is so inconspicuous in the diagram at the point 
where x — +1, the numerical value of 10 x tan If' or U' also is shown in Fig. 1 
at the point where x = +10. 

The calculation by Method 2 is based on the observation that the square root 
of the penicillin concentration is proportional to the difference between the 
photoelectric colorimeter readings due to turbidity from bacterial growth of the 
control culture and the penicillin-containing culture after 4 to 6 hours of in- 
cubation. Since this difference increases with time, computations by this method 
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increase in accuracy as lone; as tlio difference increases. Computation hj 
Method 2 may be useful at 3 to 6 hours if inadvertently a higher concentration 
of penicillin was introduced than intended and the yi readings were already 
beyond the straight-line phase. 

CALCULATION 

An example of the calculation is given in Table II. 

Method 1 .— Let x = time in 0.1 of an hour or 6-minute intervals and y = 
the difference between Readings D or E and Reading C in the same tube. 

y y. i'j 

ton C = — = — or, — 
x 5 10 


Table II. Calculation* JT.om Data in Table I* 


TUBE 1 

TUBE 2 

TUBE 3 

CONTROL 

KNOWN 

UNKNOWN 

Method 1 




1.5 to 2 hours 
y t y, 

21 

13 

10 

Tangent = "5 

4.2 = tan C 

2.6 = tan K 

3.2 = tan D 

Angle from tan table 

76.0° = C 

69.0 0 = K 

72.7° = U 

C - K or U 


7.6° = K' 

3.9° = TJ' 

Tangent from tan table 


0.1334 = tan K' 

0.0682 = tan U' 

tan K’ 

40 = m 

tan V 

m = nmts x 1,000 


0.1334 = 0.003335 
40 

0.0682 

0.003335 - 20-5 


1.5 to 2.5 hours 


y» v 

Tangent = il 
. 10 

Angle from tan table 

Angle C - K or U 

Tangent from tan table 
tan K' 

40 ~ m 

tan U' 

— — = units x 1,000 

m 7 

43 

4.3 

76.9° 

25 

2.5 

68.2° 

8.7° 

0.1530 

0.1530 

—£q — = 0.003825 

32 

3.2 

72.6° 

4.3° 

0.0752 

0.0752 

0.003825 ~ 19-6 

Method 2 

y< 


180 

120 

1 = y t 


ISO 


6.3251 


6.3251 ~ 28-46 


V z - y 



120 = 4.216 = Vi 


1 _ 28.46 

z = f ) 2 = units x 1,000 4.2162 = 17.8 


Theoretical units 
Method 1 with y, 
Method 1 with y. 
Method 2 


Summary 


0.0200 

0.0205 = + 2.5% 
0.0196 = - 2.0% 
0.0178 = -11.0% 


*1" SSfmSt ’ the position of the decimal point in the final result Is evident bv 
tlOD, the decimal points may be Jcnored* however it i*? r|l ,, ibspec* 

tour significant flEures it the fuU aSSSS-’ot the method Is to bl ltteln?a ^ lhC ° peraUon3 to 

tit Is usually more convenient to express results In hundredths of a unit and divide by 

centlmdir * ~ = **"'* = 1-323 ' 1-3335 = hundredths of a unit = 0.0178 units per cubic 
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when C is the angle which the control curve makes with the X axis, j*i is Head- 
ing D - Reading C for the control, and ya is Reading E - Reading C. Determine 
the tangents of growth curves of each known (K) and unknown (U) from the 
appropriate readings on these tubes in precisely the same manner. 

Look in a tangent table* and find the values for the angles C, K, and U cor- 
responding to tans G, IC, or U. 

Angle G - angle K = angle K' and angle C - angle U «=» angle U', the 
angles between curves of the control and each penicillin-containing culture. 

From a tangent table obtain tan K' which is directly proportional to the 
amount of penicillin. Therefore, tan K' divided by the units of penicillin in 
the known expressed in thousandths is a constant, m. 

In the example given, 0.04 unit penicillin was used in the known. The 
factor for calculation of the unknowns is found from : 


hence, 


Concentration in thousandths of units = m tan K', 

tan K' 
m ” 40 


The concentration of penicillin in the unknowns can now be determined by 
substitution of tan U' for each unknown for tan K' in the previously mentioned 
equation. 

Multiply by the dilution of the unknown for the value in the original mate- 
rial. 


ALTERNATE METHOD OF CALCULATION WITHOUT USE OF TANGENT TABLES 

From the trigonometric formula for the tangent of the difference of two 
angles it follows that : 


and 


tan C - tan K 
1+ tan C • tan K 


— tan K' 


t an C - tan TT 
1+ tan 0 • tan U 


= tan U' 


The following is an example using data for 


II 

10 


from Tables I and II for 


tans C, K, and U : 


4.3 - 2.5 _ 1.8 

1 + 4.3 . 2.5 1 + 10.75 


1.8 

11.75 


= 0.1532 = tan K' 


4.3 - 3.2 _ 1.1 

1 + 4.3 - 3.2 1 + 13.76 


1.1 

14.76 


= 0.0745 = tan U' 


0.1532 

40 


~ 0.00383 


0.0745 

0.00383 


— 19.5 thousandths of a unit per cubic centimeter. 


•Lange, N. A. : Handbook of Chemistry, ed. 6, Sandusky, Ohio. 1046, Handbook Publiahers, 
■ mathematical tables, and formulas); or see other handbooks or tngonoi i 


p. 108 (appendix, 
texts. 
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Method 2 . — Subtract the corrected Reading P for the biown penicillin solu- 
tions and for the unknowns from the corrected Reading F of the control, Tube 1. 
Call this difference y 4 . Let z equal the concentration of penicillin in the 
colorimeter tube in hundredths of a unit per cubic centimeter. The difference 
in reading is directly proportional to the square root of the concentration. There- 
fore, Equation 1 expresses the relationship between y and z, when f is a factor, 
usually between 60 and 120, corresponding to the y 4 value for 0.01 unit of 
penicillin per cubic centimeter and depending on the initial inoculum, the sus- 
ceptibility of the organism, and the rate of growth. 

O 

Equation 1 : y t = f V z 

Determine the factor f by substituting the known concentration of penicillin 
(z) expressed as hundredths of units and the corrected colorimeter difference 
reading, y 4 , in the Equation 1 and solving for f. After f has been determined, 
substitute the y 4 readings for each unknown and solve for the concentration z. 
A sample calculation is given in Table II. 

'Modifications for Special Purposes . — The technique previously described is 
suitable for the determination of penicillin in solution, in cerebrospinal fluid, in 
urine, and in PeniciUium notatum cultures. Slight modifications are necessary 
for determination in blood serum, ascitic fluid, or pleural fluids and for greatest 
accuracy in urine and P. notation cultures. The computation is the same for all, 
except that the dilution factor varies. 

Directions for Blood Serum: Record the time of the last administration 
of penicillin. Separate the serum from a 5 to 10 c.c. blood sample collected in 
a rubber vial-capped centrifuge tube twenty to ninety minutes after the last 
dose of penicillin. Record the time of collection. 

Into Tube 1, place 0.5 c.c. of sterile saline and 0.5 c.c. of the serum of the 
patient, taken just before dose of penicillin, or clear serum from a healthy person 
who lias not been receiving neoarsphenamine or other trivalent organic 
arsenicals ; into Tube 2, place 0.5 c.c. of standard penicillin solution and 0.5 e.e. 
of the same serum used in Tube 1 ; into Tubes 3, 4, 5, etc., place 0,5 c.c. of sa lin e 
solution and 0.5 c.c. of each unknown serum. Add to each 4.0 c.e. of the broth 
culture. 

If values below 0.1 unit per cubic centimeter are anticipated, it is better to 
use 1.0 to 2.0 c.c. of the serum and 3.5 or 2.5 c.c. of inoculated broth and to 
multiply by a dilution factor of 5.0 or 2.5 instead of 10 to get tbe units in the 
unknown serum. 

Directions for Cerebrospinal Fluid: These are the same as for solutions of 
penicillin, except that larger quantities may be necessary if the concentration 
is low, and dilutions may be necessary if the concentration is high. 

Directions for Pleural or Ascitic Fluid: Centrifugate and, if grossly 
purulent, pass the supernatant fluid through a Seitz filter to clarify and sterilize 
Then proceed as for blood serum. 
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Directions for P. notation Cultures: Make an accurate dilution of the 
centrifugated or Seitz-filtered® medium, so that the estimated content in the 
final broth culture will be approximately 0.04 unit per cubic centimeter and will 
certainly lie between 0.01 and 0.1 unit per cubic centimeter. Use uninoculated 
equally diluted P. notation medium for the control and known penicillin tubes 
and proceed as for penicillin solutions. 

MODIFICATION'S OF TECHNIQUE 

Certain simple adaptations of the standard technique previously described 
have been found useful and are herein listed. All procedures follow this 
standard technique except as noted. Results shown in Tables III to VI are con- 
secutive and unselected and include normal routine manipulative errors. Dilu- 
tions were made with unselected tuberculin syringes. 


Table IH. Results With Technique For Maximum Simplicity* 


UNITS TER C.C. PER CENT 

units ter c.c. PE p. cent 

ADDED | FOUND ERROR 

ADDED | FOUND ERROR 

0.073 - 9 

0.004 -20 

0.0S1 + 1 

0.080 0.047 -it 

0.040 -30 

0.052 -35 

0.090 +20 

0.010 -25.0' 

0.019 - 5.0 

0.012 -40.0 

0.014 -30.0 

0.014 -30.0 

0.010 -50.0 

0.019 - 5.0 

0.025 +25.0 

0.010 - 5.0 

0.020 0.01S -10.0 

0.018 -10.0 

0.021 + 5.0 

0.027 +35.0 

0.017 -15.0 

0.029 +45.0 

0.020 +30.0 

0.023 +15.0 

0.023 +15.0 

0.015 -25.0 

Av. 0.0GG -17.5 

0 000 0.047 -21 

u ' uuu 0.051 -15 

0.050 0.040 - 8 

0.040 0 

0.041 + 2.5 

0.037 - 7.5 

0.038 - 5.0 

0.036 -10.0 

0.039 - 2.5 

0.040 0.042 + 5.0 

0.040 0.0 

0.050 +25.0 

0.040 0.0 

0.042 + 5.0 

0.040 0.0 

0.040 0.0 

0.042 + 5.0 

0.042 + 5.0 

Av. 0.0192 - 4.0 

0.005 -50.0 

0.005 -50.0 

0.007 -30.0 

0.005 -50.0 

0.008 -20.0 

0.010 0.009 -10.0 

0.005 -20.0 

0.007 -30.0 

O.OOS -20.0 

0.010 0.0 

0.000 -40.0 


0.035 0.034 - 3.0 

„ nDn 0.027 -10.0 

°-°30 0.027 -10.0 

0.025 0.022 -12.0 



•All were computed from a single control and a single known containing 0.040 unit o£ 
penicillin per cubic centimeter. Accuracy is considerably increased if two knowns are jnciuaeo 
and the formula given under Technique for Maximum Range is used. 


•Centrifugation or nitration through a Seitz Alter is necessary only when research accuracy 
ia desired. 
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Table IV. Results With Technique for Earliest Possible Result* 


UNITS TER C.C. PER CENT 

UNITS PEP. C.C. PER CEKT 

ADDEB 1 FOUND ERROF. 

ADDED | FOUND EP.P.0R 

0.500 0.220 - 06.0 

0.030 0.33 + 10.0 

moo °- 094 " G -° 

al0 ° 0.054 - 40.0 

0.022 + 10.0 

0.030 ■*■ 50.0 

0.022 + 10.0 

0.021 + 5.0 

O.020 4 - 30.0 

0.021 + 5.0 

< 1.020 0.023 + 15.0 

0.030 + 50.0 

0.019 - 5.0 

0.023 + 15.0 

0.021 + 5.0 

0 . 01S - 20.0 

0 . 07S - 2.7 

0 030 0.075 — ?..l 

0.080 0.094 + 17.5 

0.054 - 32.7 

n nrn 0.001 4 - 1.7 

u - uou 0.010 - 33.3 

0.040 0.0 

0.040 0.0 

0.040 0.0 

0.040 0.0 

0.031 - 22.5 

0.051 + 22.5 

0.040 0.0 

0.040 0.040 0.0 

0.023 - 42.5 

0.040 0.0 

0.031 - 22.5 

0.040 0.0 

0.040 0.0 

0.040 0.0 

Ay . 0.023 + 15.0 

0.036 - 10.0 

0.036 - 10.0 

0.027 - 32.5 

0.036 - 10.0 

0.040 1 0.039 - 2.5 

0.031 - 22.5 

0.043 + 7.5 

0.039 - 2.5 

0.035 - 12.5 

« i mmmmmmmsEa 

Av . 0.0358 - 12.5 


*AH results were available within two hours. 

tThese were computed from 0.020 unit per cubic centimeter known, all others from a 0.040. 


Table V . Results With Routine Technique 


UNITS PER 

C.C. 

PER CENT 

UNITS PEP. 

C.C. 

PER CENT 

ADDED | 

FOUND 

ERROR 

ADDED j 

FOUND 

ERROR 


0.030 


0.076 

- 5.0 

0.101 

+ 25.1 

0.093 

+ 13.2 

0 . 13S 

+ 72.5 

0.054 

- 32.5 


Av . 

0.0924 

+ 15.5 

0.060 

0.066 

0.047 

+ 10.0 

- 21.7 

0.050 

0.040 

- 20.0 


0.045 

+ 12.5 


0.037 

— 7.o 


0.040 

0.0 


0.044 

+ 10.0 


0.032 

- 20.0 


0.036 

- 10.0 

0.040 

0.040 

0.0 


0.040 

0.0 


0.036 

- 10.0 


0.036 

- 10.0 


0.040 

0.0 


0 . 03G 

- 10.0 


0.040 

0.0 


0.040 

0.0 

Ay . 

0.0387 

- 3.25 

0.035 

0.034 

- 3.0 


0.028 

-6 7 

0.030 

0.026 

- 13.3 


0.024 

- 20.0 

0.025 

( L024 

- 4.0 


0.022 

- 12.0 


0.0100 


Av . 


0.0110 

0.0130 

0.0076 

0.0112 

0.0103 

0.0090 

0.0079 

0.0030 

0.0100 

0.0070 

0.0095 



0.0298 

- 1.0 


0.0186 

- 7.0 


0.01 S 9 

- 5.5 


0 . 01S9 

- 5 . 5 - 


0.0216 

+ 8.0 


0.0275 

+ 37.5 


0.0192 

- 4.0 


0.0206 

+ 3.0 

0.0200 

0.0207 

+ 3.5 


0.0210 

+ 5.0 


0.0241 

+ 2.5 


0.0174 

- 13.0 


0.0243 

+ 21.5 


0.0186 

- 7.0 


0.0195 

- 2.5 


0.0232 

+ 16.0 


0.0185 

— 7.5 


0.0186 

- 7.0 


0.0196 

- 2.0 

Ay . 

0.02056 

+ 2.8 


+ 10.0 
+ 30.0 
- 24.0 
+ 12.0 
+ 3.0 
- 10.0 
- 21.0 
- 20.0 
0.0 
- 30.0 


5.0 
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For Maximum Simplicity. — Cany out all incubations in an incubator. 
Omit all readings except Reading P at 4 to 30 bom's, preferably 18 to 24 hours, 
after start of incubation. Compute by Method 2 only, using nomograms. 1 
Accuracy for a single reading is about ±25 per cent, as shown by examples in 
Table III. 

For Earliest Possible Result. — After 1-hour incubation read, at 15-minutc 
intervals, Readings C, D, and E. Calculate by Method 1 on basis of first half- 
hour period in which the successive 15-minute readings on the same tube agree 
within two points and differ from control by more than two points. Results are 
given in Table IV. Note that accuracy is much less at low concentrations, but 
the readings may be continued to follow the standard technique. 

For Routine Technique. — Take Readings C and E at the beginning and end 
of any 1-hour period, beginning between 1.5 and 3.5 hours after the tubes arc 
placed in the water bath. Results are shown in Table V. Accuracy of a single 
determination is about ±10 per cent. 

To simplify laboratory procedure, inoculated broth may be introduced into 
the cultui'e tubes by a pipetting machine and micropipcttes or drops from cali- 
brated needles utilized for introduction of concentrated samples. 


Table VI. Results at Extremes by Technique for Maximum Ranoe* 


METHOD 1 

METHOD 2 

AVERAGE 

TER CENT 
ERROR 

UNITS PER C.C. 

UNITS PER C.C. 

ADDED | 

FOUND 

FOUND 

0.25G 

0.245 

0.145 

0.195 

- 20.0 

0.128 

0.125 

0.141 

0.133 

+ 2.0 

0.100 

0.080 

0.078 

0.079 

- 21.0 


0.087 

0.084 

0.086 

- 14.0 


0.077 

0.082 

0.079 

- 1.2 

0.080 

0.081 

0.079 

0.080 

0.0 


0.092 

0.092 

0.092 

+ 15.0 

0.064 

0.064 

0.077 

0.070 

+ 9.4 

0 ftflO 

0.062 

0.061 

0.061 

+ 1.7 


0.057 

0.064 

0.061 

+ 1.7 


0.0081 

0.0082 

0.0082 

+ 2.5 

0.008 

0.0094 

0.0148 

0.0121 

+ 51.0 


0.0063 

0.0097 

0.0080 

0.0 


0.0061 

0.0050 

0.0055 

+ 27.5 

0.004 

0.0020 

0.0013 

0.0017 

- 57.5 


0.0037 

0.0052 

0.0045 

+ 12.5 


0.0019 

0.0014 

0.0017 

- 15.0 

0.002 

0.0023 

0.0035 

0.0029 

+ 45,0 


0.0011 

0.0011 

0.0011 

- 45.0 

0.001 

0.0011 

0.0017 

0.0015 

+ 50.0 

0.0030 

0.0017 

1 0.0023 

+115.0 

0.0005 

0.0006 

0.0004 

0.0005 

0.0 


•Accuracy In middle range Is Intermediate between routine technique and technique tor 
maximum accuracy. 
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For Maximum Sensitivity to Low Concentrations— Use Oxford Staph, 
aureus strain H. Insure that inoculum {rives B' - A reading of 10 to 12 or less 
and that the known contains a final concentration of 0.008 unit per cubic centi- 
meter of standard penicillin. Results are shown in Table VI. 

For Maximum Accuracy. — Determine the approximate concentration. 
Dilute, with precision-calibrated glassware, all unknowns to a calculated final 
concentration of 0.04 unit per cubic centimeter. Run control, known, and each 
unknown in quadruplicate, using the standard or routine technique and average 
results. 

Our results by this method agree within ±5 per cent. Duplicate determina- 
tions on standard penicillin agreed within ±2.5 per cent with one control, one 
known, and three replicate unknowns. Inspection of the 0.04 unit per cubic 
centimeter block of Table V will indicate the results available by any number of 
replicate determinations in this concentration range. 

For Maximum Ranye. — Use a series of knoums ranging in final concentra- 
tion by 0.02 unit steps from 0.2 to 0.02 unit per cubic centimeter and by 0.002 
unit steps from 0.01 to 0.002 unit per cubic centimeter. Use as knowns the 
nearest higher and lower concentrations, compute by both Methods 1 and 2, 
and average the results. 

Our experience has shown that the concentration by Method 2 is more ac- 
curately given by the relation 

y t = f Vz* - b 

where b is an arbitrary constant. To utilize this formula, two knowns are 
needed. The following example illustrates the method of determination of con- 
stants : 

For 0.040 unit per cubic centimeter y 4 — 192 

For 0.010 unit per cubic centimeter y t ~ 84 

Expressing concentration z in hundredths of units and substituting these values, 

(1) 192 = fvT- b 

(2) 84 fvT - b 

Substracting (2) from (1) 108 — f. 

Substituting f = 108 in equation (1) or (2). 

b = 24 

Hence, in this example, v 4 — 108 \Jz - 24. Results routinely obtained by this 
method of computation are shown in Table VI. 

TECHNIQUE FOR STREPTOMYCIN ASSAY 

The method is equally satisfactory for streptomycin assay. The only modi- 
fications necessary are the use of two knowns containing streptomycin and mak- 
ing Reading F for Method 2 at 4 to 6 hours instead of the next day. 

Knowns are prepared with a final concentration of 1 unit (l^g) and 3 un j ts 

(3 fig) per cubic centimeter. Calculation by Method 1 is identical with that 
described for penicillin. 
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If Method 2 is used, the concentration is directly proportional to the y* dif- 
ference in coloi’imetcr reading; hence, 

7i — * z 

when z is the streptomycin concentration in units per cubic centimeter. If it be 
desired to read the streptomycin cultures the next day, n known of 10 units per 
cubic centimeter must be used. Nomograms’ may be used for calculation. 

The effective range for streptomycin is 0.2 to 20 units per cubic centimeter 
in the final culture. Sensitivity may be increased for low concentrations by the 
use of up to 50 per cent serum and correspondingly less broth culture medium. 

TECHNIQUE FOR Tit I VALENT ORGANIC ARSENICALS 

The trivalent organic arsenicals used in the treatment of syphilis have been 
shown 3 to be very effective antibacterial agents against all strains of staphy- 
lococci investigated, as well as against hemolytic streptococci, some strains of 
Hemophilus influenzae, and many strains of Streptococcus viridans. Therefore, 
the method herein described may be used for the assay of any of these trivalent 
organic arsenicals. The technique for Method 1 is identical with that for penicil- 
lin or streptomycin and for Method 2 it is the same as that described for strepto- 
mycin, since the y 4 differences are directly proportional to the concentrations. 
The ideal concentration of the known for both methods with neoarsphenamine is 
1.5 pg per cubic centimeter in the final culture. The ideal concentration for 
mapharsen is 0.75 pg per cubic centimeter. For the other trivalent organic arsen- 
icals, the activity against bacteria is proportional to the arsenic content relative to 
that of neoarsphenamine, 3 so that knowns for these should be so diluted that the 
final culture contains 0.3 pg per cubic centimeter of arsenic. The effective range 
for neoarsphenamine is from 0.2 to 3.0 pg per cubic centimeter; therefore, un- 
knowns should be diluted to an estimated concentration of 2 to 30 pg per 
cubic centimeter when 0.5 cubic centimeter is used with 4.5 cubic centimeter 
of broth culture. 

DETERMINATION OF SERUM LEVF.LS OF ANTIBACTERIAL AGENTS DURING THE ENTIRE 

TIME PERIOD BETWEEN DOSES 

Except when antibacterial agents are given by continuous drip, a single 
serum level does not indicate the concentration at any time except, the moment 
when the blood was taken. However, the levels at other times may be roughly 
computated by the factors given elsewhere.’ They can be accurately determined 
by making two determinations an hour or two apart, the first one 30 minutes to 
an hour after administration of the drug. Using the equal interval scale for time 
and the logarithmic scale for concentration, plot on polycyclic semilog graph 
paper these two points and draw a line through them. For the trivalent organic 
arsenicals, follow the same procedure, plotting the results on log log paper. 
The scram levels at any time after the initial mixing may now be read directly 
from the graph. 
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TECHNIQUE FOR QUANTITATIVE IUCTERIOLOGIC STUDIES 

It seems possible that t his technique could be used equally well for quantita- 
tive studies of the effects of any variable on bacterial growth, and the results 
would be available quickly instead of having to wait for colony counts and with 
far greater accuracy than colony counting technique affords. Growth could be 
stopped at any desired stage and quantitative studies made on the medium. 

THE EFFECTS OF VARYING THE INOCULUM 

Any clear, fluid, bacteriologic medium may be used if light transmission is 
not too low. Hartley broth gives even more satisfactory results, and because it 
does not contain dextrose might be preferable in testing P. notatum cultures 
which mar contain notatin. The haetotryptose medium was selected because it - 
was readily available and easily prepared, is more or less standard in composi- 
tion, is already buffered, and gives very rapid growth to high turbidity. Double- 
or triple-strength haetotryptose broth gave no better results than the standard- 
strength broth. Addition of serum does give better results than the standard- 
strength broth. One per cent and 2 per cent baetopeptone broth gave slower 
growth to lower turbidities. The faster the growth, the more uniform its rate, and 
the higher the final turbidity, the better are the results with penicillin ; and the 
slower the growth, the greater is the sensitivity to streptomycin. For penicillin 
y 3 values of 30 to 70 are satisfactory, and for streptomycin y 3 values of 20 to 50 
are satisfactory. Still better media no doubt can be discovered. 

THE EFFECT OF VARYING THE INOCULUM 

These effects are shown graphically in Fig. 2 for penicillin. The lower the 
inoculum, the slower is the start of the straight-line phase of growth, the more 
rapid is the final growth rate attained, the more sensitive is the technique for low 
concentrations, the more accurately do the penicillin effects correspond to the 
equations, and the greater are the y.j and tangent differences per unit concentra- 
tion of penicillin. However, with low' inocula, a slight difference in the size 
of the inoculum or the blank reading of the colorimeter tube introduces a much 
greater error in the result, and the range for high concentrations of penicillin 
is reduced by early cessation of growth. Inocula corresponding to a B' - A 
reading of 30 or over are unsatisfactory because of small differences in growth 
rate with large differences in penicillin concentration. For most purposes an 
inoculum corresponding to a B' - A reading of 12 to 15 is most satisfactory. 

THE EFFECTS OF VARYING THE STRAIN OR SPECIES OF ORGANISM USED 

Much more work needs to be done on this. The ideal organism for routine 
use should be only moderately sensitive to penicillin action, should grow rapidly 
to high turbidities, should show no tendency to produce variants, and should 
remain m the straight-line phase of growth for a long time on simple and in- 
expensive media. The Oregon-J strain of hemolytic Staph, aureus more nearly 
fuimis these requirements than any other organism so far tested and is vein- 
satisfactory also for streptomycin and trivalent organic arsenicals. The strain of 
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beta hemolytic streptococcus investigated did not grow to high enough turbidities 
or rapidly enough; the Oxford Staph, aureus strain II, while slightly superior 
for very low concentrations of penicillin, did not stay in the straight-line phase 
of growth long enough and ceased growth at a turbidity reading of 200 versus 
250 for the Oregon- J strain. The National Institute of Health’s strain 209 P 
had the same defects as the Oxford strain H ; however, it was not as sensitive to 
low concentrations, although it was more sensitive than the Oregon-J strain. 
Other strains of staphylococci, strains of Bacillus suhtilis, and pneumococci have 
been investigated and were found unsuitable. 



THE EFFECTS OF VARYING THE TIME OF READINGS 

As may be seen from Fig. 2, the longer the interval between readings used 
in the computation by Method 1, the smaller the relative error in the photo- 
electric colorimeter readings, but the greater the error due to departure of the 
growth curve from a true straight-line curve, especially with high concentrations. 
The 1-hour period is best for the entire range, but a half-hour period is best 
for concentrations above 0.06 unit per cubic centimeter with the Oregon-J strain. 
Too early initial readings introduce error by including a part of the lag phase 
of penicillin action or of the prestraight-line growth curve, and too late readings , 
introduce error by including nonstraight-line portions of the growth curves. 
With the standard technique and the Oregon-J strain, growth is essentially 
straight line from 1% to 4 hours with concentrations below 0.06 unit per cubic 
centimeter and departs least from a straight-line curve between 1.5 and 3.5 hours. 
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In calculation by Method 2, y 4 differences increase in significance and re- 
liability rapidly from 3 hours, when they first become significant for high con- 
centrations, to 6 hours and then slowly until 17 hours, after which they change 
very little in the next 24 hours. 

THE EFFECTS OF VARYING THE TIME SCALE 

The reason for choosing 6-minute units is that it brings the tangents into a 
convenient part of the tangent table and involves dividing by 10, which is merely 
pointing off a decimal place. It is not important that these be exact 6-minute 
units; equally accurate results are obtained if the time interval is somewhat 
shorter or longer than an hour and 10 is still used as the divisor, provided that 
the time interval between readings is the same for each tube. 


THE EFFECTS OF VARYING THE FILTER 

Any filter may be used, but the advantages of the No. 66 filter are that 
it transmits red and yellow light very well, giving a low blank that is little 
affected by the yellow colors of the medium, penicillin solutions, blood serum, 
urine, or the red colors of slightly hemolyzed serum. For certain research pur- 
poses, where very low concentrations are to be determined, a green No. 54 filter 
is preferable, since it gives a higher difference for small changes in turbidity; 
however, the blanks will be higher with this filter. Still greater accuracy was 
obtained with the blue No. 42 filter and Hartley broth, but the baetotryptose 
broth gives too high a blank A reading. 


USE OF OTHER PHOTOELECTRIC COLORIMETERS 

The principle of the method is applicable directly to any photoelectric color- 
imeter having a logarithmically spaced scale and can be adapted to other types 


by the formula* (2.000 - logi 0 T) x 500 x 


12 

inside tube diameter in mm. 


reading on Klett-Summerson instrument. However, the Klett-Summerson in- 
strument is strongly recommended because of the convenient size of the tubes, 
the large number of scale divisions, the great rapidity with which readings may 
be made, and the high accuracy without sacrifice of range. 


COMPARISON WITH OTHER METHODS 


In comparing the resxdts in the tables with those of other methods, it is im- 
portant to remember that theser are results on a single unknown, when many 
unknowns were determined from a single control and. a single known ; whereas 
the results reported for most methods are the averages of several replicates or 
dilutions of an unknown compared with a series of controls and knowns. 


/mv <2.000 “log joT) Js the formula for deriving optical density from per cent 

1- rnm. is the inside diameter of the Klett-Summerson tube. The Kiett 
Ss calibrated In divisions 500 X optical density. Ane ^ett-isummerson scale 

tExcept results In Table VI which are based on two known?. 
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SUMMARY 

A quantitative method of penicillin assay is described which is flexible 
enough to compare favorably with any published method in simplicity, sensi- 
tivity, accuracy, range, specificity, and speed with which results are available. 

It is based on turbidimetric determination, using a new principle of com- 
putation. 

It is adapted to all types of penicillin assay now made and to quantitative 
assay of other potent bacteriostatic or bactericidal agents. Techniques for 
streptomycin and trivalent arsenieals are given. 

The method has the advantage of employing materials and supplies already 
available in most laboratories and techniques with which the average laboratory 
technician is familiar. Results of plus or minus 25 per cent accuracy may be 
available within 2 hours and of plus or minus 10 per cent accuracy within 2.5 
to 3 hours. For most applications there is no interference by penicillin-resistant 
contaminants. It will detect as little as 0.001 unit per cubic centimeter of 
penicillin with plus or minus 100 per cent accuracy. When performed for 
maximum accuracy, error can be reduced below plus or minus 5 per cent. It 
will cover a fourfold range with plus or minus 10 per cent accuracy, a sixfold 
range with plus or minus 25 per cent accuracy, and a hundredfold range with 
plus or minus 100 per cent accuracy at the extremes. 
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AN EXPERIMENTAL METHOD FOR OBTAINING AN 
ULTRAFILTRATE OF THE BLOOD 

M. R. Malinow* and W. Korzon 
Chicago, III. 

U LTRAFILTRATION may be a useful approach to the investigation of 
simultaneous clearances with the kidney and in the study of bound and' un- 
bound blood constituents. Ultrafiltration permits extraction of a true ultra- 
filtrate 1 and can be considered as analogous in principle to glomerular filtra- 
tion. Geiger 2 has described an ingenious device consisting of two layers of 
collodion supported by two perforated metal sheets that he connected to the 
carotid artery of a dog. The blood' was circulated between the collodion layers 
and an ultrafiltrate extracted. It is possible that an improved ultrafilter may 
have some merit, when properly developed, as a supplement to the excretory 
function of the kidney. 

Our purpose was to develop an ultrafilter which could duplicate glomer- 
ular function in a dog, both qualitatively and quantitatively, to be used in an 
attempt to prolong the life of uremic animals. We decided' to use cellophane 
tubing as the filter membrane, as it appears to have advantages over other 
materials used in the past. Recent reports have shown that it has a very repro- 
ducible and consistent porosity, that sterilization does not greatly alter its per- 
meability', that it has a neutral reaction, and that it can withstand high pres- 
sures when properly supported. 3 ' 8 From a practical standpoint cellophane tub- 
ing is inexpensive, is available in several thicknesses and diameters, and is rela- 
tively easy to handle. 

We have constructed an apparatus which permits the flow of blood from 
an animal through cellophane tubes arranged to provide a maximal filtering 
surface per unit volume of blood. To increase the rate of water and crystalloid 
extraction, the cellophane tubes are submitted to an effective filtering pressure 
of approximately 800 mm. of mercury. This equipment has been successful in 
collecting the ultrafiltrate of circulating blood in quantities up to 1,200 c.e. 
per hour. 

DESCRIPTION’ OF THE APPARATUS 

The apparatus consists of a filter, a vacuum chamber, and a pump to cir- 
culate the blood. These are illustrated in Figs. 1 to 8 and details are given in 
the legends. 

The Filter (Figs. 1 to 4). — The filter is made up of twenty identical filter 
tubes connected in parallel. Each filter tube consists essentially of a flat eello- 
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phane tube* passed between two strips of nylon tapef wliich are sewed together 
down their full length. This is then sandwiched between two stainless steel 
strips which are held together by a slotted clamping bar on each side. Filter- 
ing pressure is obtained by placing the completely assembled filter tube in a 
vacuum chamber, bringing the blood inlet and outlet tubes out through a seal, 
rather than by subjecting the blood to an increased positive pressure. 





FIB.3. 


Figs. 1 to 4. — Details of the Alter: A cellophane tube (18) 21 . 4 mm. in diameter and 0.02 
mm. in thickness is passed between two strips of nylon tape (21), which nrc sewed down 
their full length on both sides so as to form a continuous tube over the cellophane. A short 
piece of cellophane tubing (17) is passed over each end of the previous one. Two flanged 
stainless steel connections (12),* with their rubber tubes <!•}), are passed through holes previ- 
ously pierced in the cellophane tube. A thin rubber gasket (IS) Is placed over the flange or 
each connection, and the latter are then screwed to a stainless steel strip (8) with a washer 
(IS) and a nut (11). This strip has two holes in it, 11 mm. in diameter and 83.9 cm. aparh 
for the purpose. Each end of the cellophane tube is closed with two stainless steel bars (s 
and 15) with a rubber gasket (16) between them. These bars are fastened with two screws 
(10). Another strip (8), of the same width as (5) but 2.8 cm. shorter, is placed under (5) 
and both are inserted into the slots milled in the clamping bars (6 and 7). Holes (26). 1 mm. 
in diameter, at intervals of 9.5 cm. permit the drainage of the filtrate. 

•Between the flange of the connection (12) and the cellophane tube (IS) there is a 
space, not shown in Figs. 2 or 3, through which the blood finds its way when it circulates 
within the filter. 

The principle of the filter is simple. The cellophane tube through which 
the blood circulates acts as a semipermeable membrane. It is separated from 
the steel strips by the nylon tape which, by virtue of its weave, forms a porous 
chamber through which the vacuum can act to reduce the pressure on the ex- 
terior of the cellophane tube. 

•Manufactured by Visking Co.. Chicago, 111. 

t Kindly supplied by Phoenix Trimming Co.. Chicago, 111. 
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The capacity of each filter tube is 30 e.e., but this can be reduced by placing 
filter paper strips of appropriate thickness between the nylon tape and the steel 
strips. The filtration surface of each unit is 400 sq. cm., approximately. Under 
a filtering pressure of 800 mm. Hg and with a blood' flow between. 15 and 100 
e.e. per minute, about GO c.c. of ultrafiltrate per hour are obtained. If more 
ultrafiltrate is desired, several filters like the one described may be used in pa- 
rallel (Fig. 5) connected by a collector tube. If the filter is to be used without 



Fie. G.-^Thc apparatus assembled and ready for use. A, \ sincle filter itnif • » 

\acuum chamber; C, the blood pump; D , the vacuum pump; E, the rheostat- P 
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Fig. 7. — The large \acuum chamber employs a brass cylinder, 122 cm. In length, 25 3 
cm. in inside diameter, and 3 mm In thickness The metal tubes (1) of 8.5 mm. bore are slight- 
ly smaller than the rubber tubes (2) (Fig. 5, 2), In order to provide a perfect seal alien the 
chamber is evacuated The aluminum plates (3) seal the ends of this chamber with the rubber 
gasket (4) and are tightly held In place with the rods (5) and nuts (6). A tube (7) drains 
the ultrafiltrate Into the collectoi bottle (S) Another tube (5) connects with the vacuum 
pump (not shown ) The two supports (to) differ In height to permit the ultrafiltrate to drain 
toward the filtrate collecting tube (7). 



Fig. 8. — The pump consists of two semicircles of plated iron (7) between which the 
special tube (2), a rubber tube with a side piece of rubber that is held by the iron semicircles, 
is fastened with four screws (S). Rollers (4) milk the tube causing the blood to circulate 
Gears (5) connect the axis of the roller arm with the motor (5). 
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circulation of blood or when a small amount of blood is to be ultrafiltered, the 
outlet tube is clamped after the filter has been filled. 

The Vacuum Chambers (Figs. 6 and 7).— Two vacuum chambers were used. 
For use with one or two filter units a long glass tube was employed, which was 
sealed by a rubber stopper at each end. A glass cannula through each stopper 
provides a connection for the inlet and outlet tubes of the filter unit, and two 
more cannulae supply a means of exhausting the tubes and of collecting the 
ultrafiltrate. 

The large chamber, for use with up to twenty filter tubes, is a large diame- 
ter brass tube closed at each end by an aluminum disk with a rubber gasket. A 
seal for the rubber inlet and outlet tubes of the filter is formed by drawing each 
through a short metal tube which is soldered into the body of the brass tube. 
The inside diameter of these tubes was made slightly smaller than the outside 
diameter of the rubber tubing to insure a good seal. Another tube soldered 
into the brass tube connects with a collector bottle for the ultrafiltrate. 

The Blood Pump (Fig. 8). — This pump, similar to the one described by 
DeBakey, 11 consists essentially of two semicircles of plated iron, one on top of the 
other, between which a special rubber tube 4 ' is clamped. Two rollers, driven by 
an electric motor, through a worn gear, milk approximately 2 c.e. of blood 
through this tube in each revolution. Among 'the advantages of this type of 
pump are that a nonpulsating flow is obtained and that there is little trauma 
to the blood' cells. 

TECHNIQUE IN ASSEMBLING THE EQUIPMENT! 

The technique in assembling the equipment must be followed rigorously 
for successful results. A length of cellophane tubing is cut from the roll and 
is passed between the strips of nylon tape, leaving an extra 15 cm. of cellophane 
on each side. Two short pieces of cellophane tubing are opened! and placed 
over the ends of the longer tube to re-enforce it at these points. A dusting of 
starch powder is used to permit the short pieces to slide easily. The long tube 
is opened and a hole is punched near each end and on the same side of the cello- 
phane tube with a special punch, 11 mm. in diameter, the same distance (83.9 
cm.) apart as the holes in the strip (5). In order to make these holes, an ordi- 
nary wooden tongue depressor is introduced into the long tube and the punch 
is pressed against it through the double cellophane. The stainless steel connec- 
tions {12) with their rubber tubes are passed through these holes, a thin rubber 
gasket {19) is placed' above the cellophane, and the connections {12) are screwed 
tightly to the strip (5) ; then both ends are closed by tightly screwing the two 
bars {15 and 9) together with a rubber gasket {16) in between. The strip 
(8) is placed below and' both strips are introduced into the slots of the clamp- 
ing bars {6 and 7). 


•Obtained Irom A. S. Aloe Co.. St. Louis, Mo. 

‘The numbers refer to Figs. 1 to 4. 

. tDr>- cellophane tubing is opened by applying a small strin of adhesive nr * . 

* k!' !c °i l 5 ')! cc 'l?f han f, tube about 1 cm. from the end. allowing- the^tam?^ 

a little beyond the tube. The strips of tape are then pulled gently aDart: thm. 

SWpSS its" imtlre Vengtln ° f the tUbe ' EI °^ nS int ° the $| 
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The unit so assembled is soaked in cool tap water for half an hour and then 
is checked for leaks by connecting one of the rubber tubes { 11 ) with a source 
of air under approximately l 1 /!; atmospheres of positive pressure. The patency 
of the filter is checked first by watching the escape of air from the second rubber 
tube. If the filter is not patent, the air is shut off and turned on again, in- 
creasing the pressure slowly. If this does not open the filter, injection of saline 
with a syringe may accomplish the purpose. 

Leaks in the system are manifested by small bubbles coining out while air 
is injected under pressure with the outlet tube clamped off. These must be 
differentiated from trapped air in the system. Trapped air disappears after a 
time but air from a leak continues to escape. There are three sources of leaks: 

1. Holes in the cellophane, which were found in one out of ten tubes of 
cellophane employed by us. Such leaky tubes must, be replaced. 

2. Inadequate tightening of the connections ( 12 ) or of the end clamps 
( 15 ). A continuous stream of air bubbles locates the loose connection, and 
these leaks usually disappear after retightening. 

3. Wrinkles in the cellophane at the ends ( 17 ). Under these conditions air 
continues to escape despite retightening. In such cases removing the end 
pieces ( 15 ) and smoothing out the cellophane generally corrects the leakage. 

The connections ( 12 ), all rubber tubing, glass eanmilne, and adaptors used 
in the experiment, were rendered pyrogen-free by boiling for thirty minutes 
in 4 per cent NaOH, rinsing with tap water, boiling for fifteen minutes in 0.5 
per cent acetic acid, and finally rinsing again with tap water. 

CHARACTERISTICS OP TIIE FILTER TUBE 

In order to determine its characteristics, a filter tube was placed in the 
glass vacuum chamber and the inlet and outlet tubes each were connected with 
a graduated bottle containing citrated human blood. Altering the relative 
height of the two bottles changed the pressure and the rate and direction of 
blood flow. Further pressure and flow changes were obtained' by using a screw 
clamp on the outlet tube. 

Filtration under the same conditions was performed with two filter tubes 
which were identical except that the capacity of one was 15 c.c., the other 30 
c.c. The filtration rates of both were the same. Nevertheless, when a large num- 
ber of units are used in parallel, the total amount of ultrafiltrate is some- 
times less than would be obtained if the same number of units were function- 
ing separately. The probable reason for this is that, as the resistance of a large 
number of filter tubes in parallel is very low, with a relatively small blood flow 
(up to 150 c.c. per minute for 20 units) some of the tubes are not supplied 
with circulating blood and so do not function. 

No change in the filtration rate was observed: .(1) as a result of sterili- 
zation* with steam at 250° F. for fifteen minutes; (2) with continued filtration 

•Sterilization was performed by connecting the Inlet of the alter with a pressure cooker 
after the desired temperature and pressure was attained and clamping- the outlet ot the niter. 
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over ten hours; (3) with blood flow varying from between 15 and 100 c.c. per 
minute; and (4) with ultrafiltering liquids of different viscosity (namely, 
blood, and saline solution). 

The blood used in filtration was examined microscopically on a number of 
occasions after centrifuging, and no hemolysis was observed. 

Using a vacuum of 35 mm. Ilg and varying the positive pressure applied 
to the circulating blood, the following results were obtained in the same filter: 

EFFECTIVE PRESSURE IN MM. Ilg FILTRATION RATE IN C.C. PER HOUR 


"GO 

54 

760 

5G 

"SO 

GO 

S05 

GO 

S25 

GO 

S25 

59 

S75 

63 

925 

70 


The filtration rate was 5 c.c. per hour in another experiment in which only 
75 mm. Hg of positive pressure was applied and no negative pressure was used. 

As expected, these observations show that there is a proportionality" be- 
tween the pressure and the amount of ultrafiltrate formed. 

NATURE OF THE ULTRAFILTRATE 

. The ultrafiltrate obtained from human blood and’ that of dog blood were 
analyzed in several instances for urea, nonprotein nitrogen, and proteins. It 
was found to be protein-free and with the N.P.N. and urea in equilibrium 
with the blood. In later experiments employing dogs certain other ultrafilti’ate 
constituents were analyzed and the results are shown in Table I.* 


ACTION OF THE ULTRAFILTER WHEN CONNECTED TO A DOG 


Method . — Two types of experiments were performed. In the first type, a 
single ultrafilter tube was connected with a normal dog. In the second, the 
large unit with 20 such units in parallel were connected with a nephrectomized, 
uremic d'og. For the latter type of experiment the dogs were bilaterally ne- 
phrectomized three days previously"; they were injected daily with 100 c.c. of 
50 per cent solution of glucose intravenously and with 100 c.e. of 5 per cent 
glucose. 50 e.c. of saline, and 50,000 units of penicillin subcutaneously. Blood 
volume determinations were made at the beginning and at the end of the experi- 
ment. Blood samples were taken immediately before and once daily after the 
nephrectomy, at the beginning of the experiment, one hour afterward, and at the 
end. Samples of the ultrafiltrate were taken simultaneously with the blood col- 
lections during the filtration. Chlorides, urea N, creatinine, C0 2 capacity, pro- 
teins, g lucose, and hematocrit were determined in some of these samples. The 


, *The methods used -were: urea nitrogen: Ormsby, A. A..- J. Biol Chem 74 k- sos 
proteins: Weichselbaum. T. E. : Am. J. Clin. Path. 16 : 40. 1940; creatinine™' PoHo n 
Chem ' 381 81. 1819: chlorides: Wilson, D. W.. and MUG' 
sn : carbon dioxide capacity: Van Siyke, D. D., and Cullen G B •" J Biol pf™' 

t - WU : hlood volume: single samples In duplicate twelve minutes after injection 
d>e 1T1S24) ; hematocrit: 10,000 r.p.m. during: ten minutes in Wlnthrobe iubes 2 of the 

WnanS^of D?. te g" 1 & a hn. nS "'° re Carried ° Ut ,B the Department of Biochemist^ through the 
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Table I. Observations on Male Dog, weight 27 Pounds, Rendered Anephric and 

Connected to Ultrafilter* 



UREA N 

CREATININE PROTEIN 



Cl 

(MO./100 

(MG./100 (MG./100 

CO, 

HEMATOCRIT (MQ./100 

REMARKS 

c.c.) 

C.C.) C.C.) 

(VOL. %) 

(%) 

C.C.) 

Freoperative Blood 

21 

6.9 

45 

4S 


24 hr. after nephrectomy Blood 

G5 


32 

47 

080 

48 hr. after nephrectomy Blood 

180 

3.3 

58 

44 

GOO 

72 hr. after nephrectomy Blood 

175 

5.4 


3S 

540 

After 1 hr. of filtration Blood 

135 




590 

Plasma 

145 

S.G 


42 

590 

After 8 hr. of filtration Blood 

75 

3.9 


39 

C40 

Plasma 

S3 

G.O 



GOO 

Ultrafiltrate obtained 

100 

7.2 



GG0 

at end of 1 hr. 






Ultrafiltrate obtained 

SO 

5.0 



660 

at end of 8 hr. 








BEFORE FILTRATION 


AFTER FILTRATION 

Plasma volume 


9G4 C.C. 


1010 C.C. 


Blood volume 


1550 C.C. 


1050 c.c. 


Hematocrit 


38 % 


39% 



Total amount of filtrate, 7,200 c.e. collected in eight hr. 

Total amount of urea N “excreted,” 0.9 Qm. 

Urea clearance (concentration in the blood assumed to be 125 nig./lOO c.e., the mean between 
175 and 75), 11.3 c.c./blood/minute. 

•In this experiment the lag seen in Fig. 0 and explained in the text has not been taken 
Into consideration. This lag explains the lack of parallelism between the plasma and ultra- 
filtrate concentrations of urea and creatinine. 


samples collected after one hour represent the results of the mixing with the 
donor’s blood in the filter and the result of one hour of filtration. Fluid balance 
during the filtration was maintained by injecting intravenously every ten min- 
utes an amount of Ringer-ICrebs solution® equal to the amount of ultrafiltrate 
collected during the interval. 

In both types of experiment the inlet of the filter was connected with the 
central end of the femoral artery and the outlet with the central end of the 
femoral vein, the blood being circulated by means of the pumpt previously de- 
scribed. The effective filtering pressure used was approximately 800 mm. of 
mercury. The dogs were injected with 40 to 50 mg. of heparinf immediately 
befoi'e the experiment to prevent blood coagulation and were narcotized with 
morphine, with a 1 per cent solution of procaine used locally. 

In order to help avoid the formation of clots the eannulae used were as 
large as possible. They were washed with concentrated nitric acid before the 
experiment, cleaned with 4 per cent NaOH, and' then rinsed in tap water. 
The system was filled with saline when only one or two filter tubes were used 
and with compatible dog’s blood' when more units were employed, in order to 
avoid air embolism and the possibility that the dog would lose too much blood 
into the filter. The blood was warmed to body temperature before it was re- 
turned to the animal. 


•The Ringer-Krebs solution was prepared by mixing the following substances In 100 c.c. of 
water; NaCI, 6.923 Gm. ; KC1 0.354 Gm. ; CaC)-, 0.057 Gm. ; ICHsPCL. 0.170 Gm. : MgSO.+HjO, 
0.2925 Gm. • NaHCOj, 2.10 Gm. : Glucose, 1.0 Gm. ; O; « as bubbled through and the temperature 
was maintained at approximately 38“ C. 

tWIth a single filter tube the pump is not always necessary, as the normal arterial pres- 
sure is sufficient for the purpose. 

tLIquaemln liberally supplied to the department by Roche Organon, Inc.. Ivutley, Tv. o 
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Results With Normal Bogs .— Seven normal dogs were subjected to filtra- 
tion with a single unit for periods ranging from one to five hours. The flow of 
blood through the filter was 50 to 70 c.e. per minute. All of the animals 
survived. 

Uniformly, the amount of filtrate collected was 60 c.e. per hour, it was 
always protein-free, and in no case was hemolysis detected macroscopically. The 
concentration of urea in the blood and in the ultrafiltrate of one typical experi- 
ment is shown graphically in Pig. 9. As can be seen, there is a period of forty 
minutes during which the filtrate shows little urea concentration. This is due 
to the dilution of the ultrafiltrate by the saline held in the nylon tape. As 
this saline is replaced by ultrafiltrate, the urea concentration rises sharply and 
then levels off. The difference between the concentration of urea in the fil- 
trate and' that in the plasma may indicate that urea is not wholly diffusible or 
that it is bound. This possibility now is being investigated. 
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Fig. 9 . — a typical experiment performed on a normal dog. showing the urea N concentration In 
the plasma and in the ultrafiltrate. The arrow indicates the beginning of filtration. 


Several deductions can be drawn from these experiments: 

1. The filter yields an appreciable amount of ultrafiltrate when connected 
with a dog. 

2. The filter itself is not toxic. The dogs survived the experiment for a 
long time, and when they were sacrificed, autopsy revealed no macroscopic ab- 
normalities. The limb used was in good condition despite the ligation of the 
femoral artery and' vein. 

Results With Uremic Dogs . — Four uremic dogs were used in the second 
type of experiment. The blood flow through the filter was 110 e.c. per minute 
with each. Two dogs died accidentally after two and three hours of filtration, 
respectively; the first died from shock due to blood loss, the second from pul- 
monary embolism. The other two dogs were filtered successfully for three and 
eiaht hours, respectively. They did not appear to be injured by. the filtration. 
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judging from the general appearance and pulse rate, and were up and around 
when they came out of the anesthesia. These animals died in uremia thirty-six 
hours after the completion of the experiment. A typical result in one of these 
dogs is summarized in Table I. 

These experiments show that the animals apparently were not adversely 
affected by the procedure, despite the fact that as much as 7,200 c.e. of fluid 
was filtered from the blood of a dog (and replaced by Kinger-Krebs solution) 
with a blood volume of 1,550 cubic centimeters. The chlorides returned to the 
normal level and the hematocrit remained constant during the experiment. 
Urea and creatinine were reduced by this ultrafiltration. Nevertheless, the 
fact that only 7 Gm. of urea were cleared in eight hours makes this procedure 
with the apparatus employed unsuitable for man, even though its use in dogs 
may considerably reduce the blood urea. A larger ultrafilter with more filter- 
ing surface, or one employing a much greater filtering pressure, may have a 
sufficient clearance of urea for man, but the dialyzer described by Kolff ap- 
pears superior in simplicity and in obtainable results because the steeper 
gradient between urea concentration in the blood and the outside fluid dialyzed 
into seems to produce a greater urea clearance per unit area of cellophane than 
the ultrafiltration method described. 

CONCLUSIONS 

An ultrafilter employing cellophane is described’ and its applicability for 
experimental purposes noted. 

The filter described has definite advantages over previous ones because of 
the following reasons: 

1. It provides a large amount of ultrafiltrate in comparison with the volume 
of blood of the animal. 

2. The blood in the filter can be placed under a wide range of pressures 
and can be circulated within the filter at different rates without the red blood 
cells being unduly traumatized. The filter does not lead to macroscopic hemol- 
ysis of the blood. 

3. It is easily sterilized. 

This ultrafiltration method, however, has limitations in its use for the con- 
trol of uremia, especially since it has such low clearance values compared with 
the values reported by Kolff 13 ' 14 for dialysis. 

Such a filter may be useful in the investigation of simultaneous clearances 
with the kidney and in the study of bound and unbound blood constituents. 
The composition of ultrafiltrates obtained during this investigation favors this 
opinion. 

We wish to express our gratitude to Dr, L. N. Katz for his advice and guidance and to 
acknowledge the considerable assistance given us by other members of the department. 
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Penicillin in Syphilis. J3y Joseph boric Moore, M.D., Associate Professor of Medicine and 
Adjunct Professor of Public Health Administration, the Johns Hopkins University; 
Physician-in-Charge, Syphilis Division of the Medical Clinic, and Visiting Physician, 
the Johns Hopkins Hospital; Chairman, Syphilis Study Section, National Institute of 
Health, United States Public Health Service; Chairman, Subcommittee on Venereal 
Diseases, National Research Council. Charles C. Thomas, Publisher, Springfield, Jib, 
1946. Price $7.50. Cloth with 731 pages, 109 illustrations, 122 tables. 

Tlio startling discovery of the trcponcmicidal action of penicillin by Mahoney, Arnold, 
and Harris in midsummer of 1943 resulted in the almost immediate organization of n nation- 
wide cooperative study of the efficacy of this antibiotic in syphilis. This collaborative effort, 
which is perhaps unparalleled in medical history, was motivated by tlie urgent necessity of 
the Armed Forces for authoritative information regarding tho effectiveness of this agent. 
Although tho facilities of eight laboratories of experimental syphilis were enlisted for in- 
tensive study of penicillin in rabbit syphilis, time did not permit final definition of the time- 
dose relationship in the experimental animal before human trial was undertaken. Accord- 
ingly, clinical investigation has proceeded simultaneously in a total of forty-four clinics and 
treatment centers. Thus far, these participating agencies have treated so me 25,000 patient? 
with early syphilis by assigned schedules (thirty-six all told) in a uniform manner, results 
being analyzed as a group by a central statistical unit. 

Since the outset of the study Moore in his capacity as Chairman, first of tho Penicillin 
Panel of the National Research Council and more recently of the Syphilis Study Section of 
the United States Public Health Service, the sponsoring organizations, has occupied n posi- 
tion uniquely fitting him for authorship of this monograph. As a consequence, lie has had 
access to material restricted during the war years, some of which still is unreported, as well 
as to unpublished data of tho individual cooperating groups. The author thus has been able 
to assemble under one cover all the information relating to the effect of penicillin in syph- 
ilis available as of October, 194G. 

As stated in the preface, “The author’s only excuse (for this monographic presentation 
of tho admittedly preliminary results now available*) can be that so far, the medical profes- 
sion has been informed only that penicillin is of value in syphilis. How best to employ it 
in tho several stages of syphilitic infection, on the basis of current knowledge, has nowhere 
yet been systematically presented. This monograph is an effort to supply the deficiency. 
It is prepared with full knowledge of its inadequacies and of the necessity for frequent 
revision to maintain it up to date. ’ ’ 

Tho material is presented in nineteen chapters — actually eighteen, since one (the last) 
is concerned with streptomycin. Of these, the first seven arc devoted to fundamental in- 
formation — tho chemistry of the penicillins, pharmacology, toxicity, therapeutic efficacy, etc. 
For the student of syphilis the author’s exposition of these basic data is unquestionably of 
greater value than the chapters concerned with clinical use. Of particular interest is the dis- 
cussion of the results obtained by the cooperating laboratories in experimental syphilis and 
the implications of these results as to the mode of action of penicillin against Treponema 
pallidum. The experimental data thus far available suggest, and this is not belied by the 
accumulating clinical results, that the desideratum in syphilis may not be large dosages over 
short periods of time but smaller dosages prolonged for weeks or perhaps oven months. If 
these indications are borne out by further study, the hope of a quick, safe (that is, witi 
penicillin alone) cure for early syphilis suitable for mass application may prove to be un- 
attainable. 

♦Parenthetic words are the reviewer's. 
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One chapter is concerned with the administration of peniciJlin for other diseases as a 
source of confusion in the diagnosis of syphilis. The suppressing effect of penicillin ad- 
ministered for the treatment of gonococcal infections on the early manifestations of syphilis 
is emphasized, as is the necessity for prolonged serologic follow-up (at least four months) 
of penicillin-treated patients with gonorrhea, to rule out simultaneously acquired syphilis. 

The remaining ten chapters recount the accumulated information pertaining to the clin- 
ical use of penicillin in the various stages of syphilitic infection. Since, from the stand- 
point of the Army and Navy during the war years, early syphilis and the various types of 
late neurosvphilis presented the greatest therapeutic problems, emphasis has been directed 
toward defining the place of penicillin in the treatment of these stages of the disease. The 
early syphilis results are those accumulated prior to August, 1945, based on the treatment 
of approximately 11,000 patients by twenty-six treatment regimens. At the time this book 
was written, patients treated since the date mentioned had been followed too short a period 
of tirno for even preliminary evaluation. The results of penicillin treatment of early syph- 
ilis may be summarized with the statement that the optimum regimen of treatment with 
penicillin (sodium or calcium suspended in peanut oil and beeswax), either alone or combined 
with metallotherapy, still is not defined since the over-all cumulative failure rates of even 
the best schedules approximate 15 per cent at the end of one year. Suggested schedules 
utilizing larger and/or longer dosage schedules than those so far analyzed are appended by 
the author who implies, though it is not so stated, that the results may be no better than with 
smaller amounts. 

Scattered information based on small series of patients indicates that penicillin is ef- 
fective in early syphilis resistant to arsenic and bismuth, in benign late syphilis, and in at least 
one type of ocular involvement (the iritis of early syphilis) ; however, in others such as 
interstitial keratitis and primary optic atrophy, results are only partially successful. In 
view of the absence of serious toxic reactions few will disagree that penicillin is the treatment 
of choice of the pregnant woman with syphilis and probably also of the infant with early 
congenital syphilis. Little or no information is available as to the efficacy of penicillin in 
either latent or cardiovascular syphilis since these are both long-term projects. In this re- 
spect, however, the physician is well advised that penicillin is no more effective than combined 
arsenical and bismuth therapy in rendering the blood test negative, since in late syphilis 
seroresistance is the rule regardless of the agent employed. 

The discussion of penicillin in neurosvphilis reflects more than elsewhere the author’s < 
own experience, past as well as present, in the treatment of these complex syndromes. The re- 
sults with penicillin, even though preliminary, demonstrate conclusively that this agent exerts 
a profound effect on the spinal fluid abnormalities, the improvement in these elements con- 
tinuing for many months after treatment. At the present time major discussion centers 
around the question of whether penicillin plus fever offers any advantage over penicillin alone. 
Comparative data are scanty, and, although the trends of the spinal fluid syndromes presented 
hy the author suggest that combined treatment may be slightly superior, the results for the 
most part are not statistically significant. Until more evidence has been accumulated many 
syphilotherapists will continue to regard the superiority of combined penicillin and fever as 
not proved ; but few will disagree that for the present the combination should be recommended 
for the graver parenchymatous forms of neurosvphilis. There undoubtedly will be dissenters 
to the author’s opinion that induced malaria holds any advantage over fever therapy by 
mechanical means. 

Sufficient has been said to indicate that Moore has presented in detail the available in- 
formation about the effect of penicillin in syphilis. It is to be hoped that this book will 
serve to correct many misconceptions regarding the nse of penicillin in this disease and the 
results to be expected therefrom. It was inevitable that, in a few respects at least the book 
would be outdated already on the day of publication. This fact does not detract from the 
vast fund of basic data that the book presents, and this reviewer, for one, hopes that the 
author’s promise of frequent revision will be fulfilled. 


Virgil Scott. 
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Diseases of the Retina. By Herman Elwyn, M.D., Senior Assistant Surgeon, New York Eye 
and Ear Infirmary, The Blakiston Company, Philadelphia, 1940. Price $10.00. Cloth 
with 587 pages, 170 illustrations, 19 in color. 

The author has brought up to date the clinical picture of retinal diseases, correlating 
the abnormal physiology with the subjective and objective findings of the subject. The 
course of each disturbance is followed through the life picture of the disease. Treatment is 
discussed concisely from the viewpoint of the ophthalmologist, who is familiar with the closely 
associated fields of internal medicine and neurology. 

The book is divided into eight parts: I. Diseases of the Retina Resulting From Dis- 
-turbances in Circulation; II. Diseases of the Retina Resulting From Vascular Malformations; 
III. Degenerative Diseases of the Retina on a Hereditary Basis; IV. Inflammatory Diseases 
of the Retina; V. Tumors of the Botina; V. Diseases of the Retina Lending to Retinal 
Detachment; VII. Developmental Anomalies of tho Retina; VIII. Radiation Injuries of the 
Retina. 

The present-day concept of vascular disease per so, along with the primnry vascular 
change occurring in inflammatory, metabolic, and degenerative diseases, has been handled 
extremely well. Tho author has followed a definito plan in presenting his material in an 
orderly and concise manner with the minimum expenditure of words. 

This volume belongs in the library of all ophthalmologists, internists, and neurologists. 

WiM/iAM M. .Tames, M.D. 


ANNOUNCEMENT 


REVISED BIOLOGICS REGULATIONS 

It is desired to call attention to a revision of the regulations governing tho manufacture 
and sale of biologic products published in tho Federal Register on Jan. 21, 1947, and effective 
thirty days after that date. * 

As is indicated in tlicso regulations, the scope of the Biologies Law is broadened some- 
what, and certain diagnostic products administered or applied to a person or prepared from or 
with the aid of a biologic product now should be distributed in interstate commerce only if 
prepared by a licensed laboratory. 

Also requiring a license for distribution are blood grouping and Rh typing serums, for 
which minimum requirements have been prepared in anticipation of tho revision of the regu- 
lations. 

Information as to the status of any of these products, or the requirements applicable to 
them, may be obtained from the Biologies Control Laboratory, National Institute of Health, 
Bethesda 14, Md. 



MECHANISM OF THE THYMOL TURBIDITY TEST 

Philip P. Conns', M.D., and Frances L. Thompson, B.S. 

Madison, "VYis. 

T he thymol turbidity test of Mac-lagan lias been shown to be of considerable 
.diagnostic value in certain types of liver disease. 1 '* Maelagan 1 and Carter 
and Maelagan' 1 have reported that the test was probably associated with an in- 
crease-in gamma globulin. Recant and associates/ on the other hand, have 
shown that the test depended on the presence of a lipid-containing fraction ot 
serum globulin rather than the gamma globulin. 

In the present study experiments are reported which show that the thymol 
turbidity test depends on a reaction involving chiefly the beta globulin fraction 
of serum. 

METHODS AND PROCEDURES 

Thymol Reagent and Test— The thymol reagent was prepared essentially 
as recommended by Maclagan. 1 It was found that the reagent developed a 
turbidity on standing after seven to ten days. However, reheating, cooling, and 
again seeding with thymol crystals resulted in a clear solution. 

Thymol turbidity values were estimated from a set of Kingsbury 6 visual 
standards calibrated against known amounts of human serum albumin and 
sulfosalieylie acid. 

Treatment of Serum With Thymol Reagent for Electrophoretic Analysis . — 
An aliquot of serum, usually 10 e.e., was diluted with two parts of thymol buf- 
fer, pH 7.8, and dialyzed in the cold room (2° C.) against 200 to 250 e.e. of 
thymol buffer, pH 7.8, for twelve hours or longer. At the end of the dialysis 
period the precipitate was removed by centrifugation. 

The crystal clear supernatant (thymol-treated serum is consistently more 
•translucent than untreated serum) was then dialyzed in the cold room twice 
against 200 c.c. of 0.1 y sodium diethylbarbiturate buffer, pH 8.6, and finally 
against 1,500 c.c. of the same buffer for at least thirty-six hours. The precipitate 
was resuspended in a volume of 0.1 y. barbiturate buffer, pH 8.6, to give a pro- 
tein concentration of between 0.5 and 1.0 per cent. The resulting turbid solution 
was dialyzed in the cold room against several changes of buffer and finally 
against 1,000 c.c. of buffer for at least thirty-six hours. High speed centrifuga- 
tion (10,000 r.p.m.) for ten minutes was found effective in clarifying the solu- 
tion. 

Electrophoretic Analysis . — Electrophoresis was carried out at a potential 
gradien t of about 6 volts per centimeter, at 1.5° C., using the schlieren scanning 
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technique of Longsworth. 7 Most of the runs were made with the single center 
section 11 c.c. cell. A micro cell, 2 c.c. capacity, was employed in some instances 
for both the thymol precipitate and the treated and untreated scrum samples. A 
comparative study of the patterns and mobilities of the same serum with the 
macro and micro cells revealed close agreement in a series of ten determina- 
tions. 

Relative composition of the serum samples was estimated by measuring the 
areas under the projected patterns after the areas were resolved into a series 
of symmetrical curves. In all instances the percentage composition represents 
the average of the ascending and descending boundaries. Mobilities were de- 

Taot.e I. Ex.rcTROrnoi.ETic Composition- ox- Serum Before ant> After Treatment With 

Thymol TJfagen-t 


SERUM 

DIAGNOSIS 

THYMOL 

TURBIDITY 

UNITS 

TOTAL 

PROTEIN 

(GM./lOft 

C.C.) 

ALBU- 

MIN 

per ces 

ALPHA 

1 

:t compo 

ALPHA* 

o 

SITIOX 

BETA 

OAMMA 

1 A* 

Lacnnec ’s cirrhosis 

4 

5.8 

32. G 

7.3 

7.0 

17.0 

35.5 

, IB* 




41.1 

7.0 

12.3 

7.5 

32.1 

2 A 

Infectious hepatitis 

10 

7.1 

40.7 

G.2 

12.9 

19.0 

°1 2 

2B 




49. G 

7.4 

15.0 

S.5 

19.5 

3 A 

Infectious hepatitis 

9 

7.2 

45.5 

4.5 

9.7 

18.4 

23.9 

3B 




51. S 

5.0 

10.0 

12.G 

20.0 

4A 

Infectious hopatitis 

14 

8.1 

39.S 

5.C 

10.0 

10.4 

27.G 

4B 




40.8 

5.7 

8.9 

13.3 

31.3 

5A 

Biliary cirrhosis 

S 

G.O 

27.3 

4.7 

8.2 

15.0 

44.8 

5B 




34.5 

4.G 

9.2 

S.O 

43.7 

GA 

Infectious hepatitis 

10 

7.8 

43.7 

4.9 

9.0 

17.9 

24.5 

6B 




54.7 

5.0 

10.5 

0,5 

22.7 

7A 

Infectious hepatitis 

G 

S.3 

40.0 

5.4 

10.0 

15.0 

2S.4 

7B 




45.1 

5.9 

10.9 

9.2 

2S.9 

8A 

Chronic hepatitis 

4 

7.2 

51.3 

3.S 

8.4 

18.2 

3 S.3 

8B 




5S.5 

5.0 

S.4 

12.4 

15.7 

9A 

Infectious hepatitis 

4 

G.8 

51. S 

4.G 

10.0 

19.9 

13.7 

9B 




55.7 

0.3 

10.4 

12.4 

35.2 

10 A 

Infectious hepatitis 

8 

7.2 

53.0 

4.2 

8.0 

16.2 

17.4 

10B 




C0.3 

5.0 

12.3 

7.G 

14.8 

11A 

Chronic hepatitis; 

10 

5.0 

43.G 

5.8 

10.0 

35.9 

24.7 

11B 

renal tuberculosis 



50.3 

0.9 

10.9 

7.7 

24.2 

11C* 




50.7 

8.0 

12.3 

G.3 

24.0 


Average A 



42.7 

5.2 

9.0 

17.2 

25.3 


Average B 



48.4 

5.7 

10.9 

9.0 

24.4 

12A 

Normal 

0 

7.1 

50.7 

O.S 

9.0 

13.2 

14.3 

12B 




59.0 

0.2 

9.2 

11.7 

13.9 

12C 




58.1 

8.6 

8.9 

10.2 

14.2 


Electrophoretic Analysis of Ten Sera From Normal Adults 



Mean 




56.5 

5.2 

9.0 

15.2 

14.2 

Standard deviation 



2.8 

1.7 

1.4 

1.5 

1.8 

Standard error of mean 



0.9 

0.0 

0.5 

0.5 

O.tf 


•Sample A refers to untreated serum ; sample E refers to serum after dialysis for twelve 
hours against thymol reagent and removal of precipitate ; sample C refers to serum auer 
dialysis for seventy-two hours against thymol buffer and removal of precipitate. 
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termincd by measuring tlie migration distances from the salt boundaries. Con- 
ductivity measurements were made on the protein-free buffer used as the 
dialyzing solution. 

RESULTS 

The percentage composition of scrum before and after thymol treatment is 
shown in Table I. In cacli instance the thymol turbidity value is indicated. The 
most striking change in the composition of the serum after treatment with 
thymol reagent is the decrease in the beta globulin fraction. As can be seen, 




• descending 


a^enuing 


F ' S \Vr E1 ?. ctropho r etic diagrams of Serum 11 (Table I) before treatment with thymol reaeent 
(A), after treatment for twelve hours (£), and after treatment for seventy-hours ^ 


this fraction is decreased in all instances including the normal serum although 
the decrease in the latter case is small. Treatment of a thymol-negative and^a 
thymol-positive serum for seventy-two hours instead of the usual twelve hours 
with thymol reagent resulted in a small additional decrease in the beta "lobulin 
percentage (Serum 11C and 12C, Table I). The average decrease in the beta 
globulin percentage as a result of thymol treatment is of the order of 50 per 
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cent. The average decrease in the percentage of gamma globulin is of the order 
of 4 per cent. All the other fractions show an increase, the albumin percentage 
being increased the most. It is apparent from these data that the beta globulin 
fraction is the only fraction of serum showing a striking change as a result of 
thymol treatment. The electrophoretic diagrams of Serum 11 (Table I) before 
and after treatment with thymol reagent are seen in Fig. 1. The disappearance 
of the beta anomaly after thymol was seen in all instances. 


A 



descending ascending 



descending 


B 



ascending 



-< descending ascending *- 

Pig. 2. — Electrophoretic diagrams oC thymol precipitates. A, From normal (Scrum 12, Tabic I) : 

S, chronic hepatitis (Serum 11, Table X) ; C, mixture of precipitates A and B. 

Further evidence in support of the role of beta globulin is seen in the 
electrophoretic diagrams of the thymol precipitates (Fig. 2). Diagram A of 
Fig. 2 is that of the thymol precipitate from normal Serum 12 (Table I) ; dia- 
gram B is that from Serum 11 (Table I) ; diagram C represents an equal mixture 
of thymol precipitate from Sera 11 and 12 (Table I). From the diagrams it is 
apparent that the thymol precipitate consists of one major component which lias 
a mobility of a beta globulin (Table II) and a smaller and irregularly appear- 
ing component which has a mobility of an alpha-2 globulin. It is of interest to 
note that the descending patterns of the thymol precipitates have the appearance 
of a beta anomaly. When the thymol precipitates of a normal and pathologic 
serum are mixed (diagram C, Fig. 2), the components have the same mobility 
and composition as the unmixed precipitates. The mobilities of the various com- 
ponents of serum before and after thymol treatment, of the precipitates, and of 
normal serum are shown in Table II. 
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Tabu: II. Mohimties (C'm.-/Voi,t Skc. x 10-=) 



AI.IIU.MI.V 

AI.I’HA-I 

AM'HA-2 

BETA 

GAMMA 

Normal 

Mean 

0.02 

5.90 

4.70 

3.42 

1.0! 

S.D. 

0.23 

0.23 

0.20 

0.28 

0.20 

Liver disease 

Before tlivmol 

Mean 

0.93 

0.1 

•1.80 

3.03 

1.70 

S.D. 

0.3.3 

0.32 

0.22 

0.25 

0.27 

After thvmo! 

Mean 

0.93 

0.0 

•1.92 

3.75 

1.72 

S.D. 

0.31 

0.30 

0.31 

0.33 

0.32 

Tlivmol precipitate 

Mean 

— 

— 

- 

3.30 

— 

S.D. 

— 

— 

— 

0.32 

— 


discussion 

It is obvious from the data presented that thymol reagent reacts chiefly if 
not exclusively with the beta globulin fraction of scrum. The fact that the 
beta globulin levels in the thymol turbidity-positive cases are not strikingly 
higher than those observed with a series of normals (Table I) suggests that 
this fraction has an abnormal component. This is further supported by the 
fact that treatment of normal serum with thymol reagent results in only a 
small decrease in the beta globulin level (Serum 12, Table I). The precipitate, 
however, is indistinguishable, electrophoretic-ally, from that obtained from 
pathologic serum (diagrams A and C, Fig. 2). 

It is of some interest to compare the electrophoretic patterns of sera of 
this series of liver diseases with those from normal adults. If the average values 
of the pathologic sera are compared with the average values of the normal series 
(Table I), it will be noted that in the former group the albumin is decreased, the 
beta globulin is increased slightly, and the gamma globulin is strikingly in- 
creased. It should be noted also that while the gamma globulin level is increased 
above the normal value in all eases but Serum 9, there is no correlation between 
the gamma globulin increase and the thymol turbidity units. A similar lack of 
correlation, however, is also to be seen in the case of the beta globulins. 

The known complexity of the beta globulin fraction makes any attempt at 
a discussion of the possible nature of the changes in this fraction in disease diffi- 
cult. It is possible that there is no fundamental change in the protein com- 
ponents making up this fraction, but rather a change in cither the kind or 
amount of phospholipid chemically bound with the protein. While most patients 
with nonobstructive liver disease do not show any consistent increase in phos- 
pholipid content of serum, 10 it is possible that some alteration in the amount 
or type of true lipoprotein rather than total lipid is involved. 

A sample of the thymol precipitate from Serum 11 was examined in the 
ultracentrifuge. The material had the same number and kind of components 
as are seen with the beta globulin fraction obtained as a by-product of fractiona- 
tion of gamma globulin from normal human plasma. 8 This normal beta globu- 
lin fraction was approximately 90 per cent homogeneous electrophoretieallv. 0 
Thus it would appear that on the basis of the properties in the electrophoresis 
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apparatus and in the ultrnccntrifugc, there arc no physical differences to be 
noted between the normal and pathologic beta globulin fractions. 

SUMMARY 

1. Electrophoretic analyses of sera from patients with liver disease having 
positive thymol turbidity tests were made before and after treatment with 
thymol reagent. The chief change noted was a decrease of the beta globulin 
fraction of the supernatant after removal of the thymol precipitate. 

2. The thymol precipitates obtained from sera from both normal and 
diseased eases were examined in the electrophoresis apparatus and both were 
shown to migrate with the mobility of a beta globulin. Examination in the 
ultracentrifuge revealed the thymol precipitate to have a composition similar 
to that seen with the beta globulin fractions obtained from normal human 
plasma. 

3. The possible basis for the thymol turbidity test is briefly* discussed. 
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A STUDY OF THE SERUM BILIVERDIN 
CONCENTRATION IN VARIOUS TYPES OF JAUNDICE 

Evkel A. Larson, M.D., Gerald T. Evans, M.D., and Cecil J. Watson, M.D. 

Minneapolis, Minx. 

T HE presence of a green tinge in the skin of certain patients with jaundice 
has long been recognized. The relation of this so-called biliverdin jaundice 
to the underlying disease has been discussed by various writers. 6, •• 10, 14 

According to recent chemical evidence, 5, 3 - ”• 1S ' 55, S1 it is probable that bili- 
verdin is intei-mediate in the catabolism of hemoglobin to bilirubin. Demon- 
stration by Rich 57 ' 53 of both biliverdin and bilirubin in the phagocytes of tissue 
cultures of mesothelial origin, the occurrence of biliverdin in the Kupffer cells 
of geese as observed by McNee, 53 and its presence in dog's placenta 18 and hema- 
toma fluid 10 emphasize a close physiologic connection between biliverdin and 
hemoglobin breakdown. The “green hemoglobins” studied by Fischer, 11 War- 
burg, 31 Lemberg, 18 ' 53 Barkan *• 3 and their co-workers, to which the name “verdo- 
kemoekromogen” was given by Lemberg, 50 are undoubtedly biliverdin-iron-pro- 
tein complexes. Assuming that biliverdin is an intermediate stage in the transi- 
tion of hemoglobin to bilirubin, its reduction to the latter substance in the body 
normally proceeds in a manner that excludes its appearance in the serum or 
plasma in evident amounts. 

Methods have been described for the determination of biliverdin in bile, 1 ’ 15 
but these are not suitable for blood serum or plasma. Biliverdin does not give 
a diazo reaction and, thus, is not included in the quantitative van den Bergh 
method for bilirubin, regardless of modification. Specific color reactions for 
biliverdin are unknown. The purpose of the present study was to develop a 
method for the quantitative determination of biliverdin in serum or plasma 
and to apply this method in studying various patients with jaundice, especially 
those exhibiting greenish or outspoken green tints. 

METHODS 

Crystalline biliverdin was prepared by the addition of purified bilirubin* 
to boiling glacial acetic acid containing ferric chloride, according to Lemberg's 
method. 17 The dry crystalline substance was weighed on a mierobalance, and 
a 0.4 mg. per cent solution in 0.01 per cent sodium hydroxide was prepared. 
Employing the Evelyn photoelectric colorimeter, a transmission curve then was 
determined for this solution. A like curve was obtained for a similarily pre- 
pared solution of bilirubin. These curves are shown in Fig. 1. Inspection 
establishes the suitable wave length for measurement of biliverdin between 
635 and 690 millimicrons. Between these two points bilirubin transmits well 
whereas biliverdin has a relatively great absorption. Thus, the 660 m ;t filter 
was employed in the present study. 

Snnne&H t o S e pnaK rtment ° f Interaal Medicine Hospital Laboratories of the University of 
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The use of direct regional spectrophotometry in this determination necessi- 
tates exclusion of the presence of appreciable quantities of reduced and oxy- 
hemoglobin, methemoglobin, methemalbumin, hematin, and sulfhcmoglobin. 
These interfering pigments, in contrast to biliverdin, absorb more light in the 
region of 620 to 635 m/t than at 660; initial comparison in tlie.se two regions 
thereby serves to indicate their presence. Fortunately the interfering pigments 
arc seldom encountered in carefully manipulated unhemolyzed specimens, though 
the presence of any appreciable quantity of any one substance casts doubt upon 
the results of the biliverdin determination. Furthermore, the use of nonturbid, 
fasting sera is obviously necessary. The reader is referred to the work of 
Drabkin and Austin 8 for further orientation concerning the light absorption of 
the various forms of hemoglobin. 



Fig. 1.— Transmission curves for solutions of crystalline bilirubin and biliverdin. 


A calibration curve was determined as follows : One cubic centimeter quan- 
tities of clear, fasting normal sera, containing varying known quantities of 
added crystalline biliverdin in solution, were added to 8 c.e. quantities of dis- 
tilled water and mixed. The resultant turbidity was then dispelled by the 
addition of 1 c.e. of saturated sodium chloride solution. Utilizing the Evelyn 
colorimeter, the 660 mg filter, and a predetermined center setting (see next para- 
graph), a straight-line relationship was observed when the galvanometer read- 
ings were plotted against concentration on semilogarithmic paper (F ig. 2). 

Normal sera, containing no biliverdin as evidenced by no dip in transmis- 
sion between 620 and 660 m/t, even when they appear to be clear, may give 
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galvanometer readings between 98 and 100 when a blank (containing 9 e.c. of 
water and 1 e.c. of saturated sodium chloride) is set at 100. Consequently, 
a center setting of the instrument is determined from a diluted normal scrum 
which, after giving a reading of 9S against the theoretical blank, is then set 
to read 100. This precaution prevents the apparent measurement of biliverdin 
when actually none is present, but conversely, very small amounts, less than 
0.02 mg. per cent may be missed. 

The serum bilirubin was determined by the method of Malloy and Evelyn, 54 
modified in accordance with the recommendation of Ducei and Watson. 0 


BILIVBHDIK 



RESULTS 

The sera of twelve nonjaundiced individuals, including both hospital pa- 
tients and normal healthy persons, were examined for biliverdin. None was 
found in this series by the method described. Values ranging from zero to 
2.2 mg per cent were obtained in the course of 105 observations on the sera 
of sixty-six patients with jaundice. 

Significant levels of serum biliverdin were found in the following patients • 
twenty-seven with carcinomatous obstruction of the common bile duet (Pin- 
3 ). five with infectious hepatitis (Fig. 4), five with cirrhosis and jaundice 
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Table I. Patients With Jaundice With No Biuvkkdin in Serum 




BILIRUBIN 



DIRECT 

■ 

PATIENTS 

CONDITION 

TOTAL 

■USES' 

c 

Transfusion reaction 

.11 

5.4 



.08 

4.0 




11.0 




3.0 



.S3 

30.0" 



.02 

3.4 

3 

Hemolytic anemia 

.17 

3.G 



.19 

5.0 



.00 

14.1 

1 

Infectious mononucleosis 

.7S 

3.2 

1 

Myelogenous Icuccmin 

.10 

3.3 

1 

Hodgkin’s disease 

no 

11.3 

1 

Banti’s disease 

.31 

9.3 



.52 

5.5 

1 

Cardiac Failure 

.12 

4.0 


•Questionable blllvordln. 


(Fig. 4), and five with common bile duct stenosis (Fig. 5). Among these were 
fourteen individuals with a total bilirubin under 10 mg. per cent (average, 
5.9 mg. per cent). On the other hand, of ten with calculous obstruction of the 
common duct, five had no biliverdin in the scrum, although their average total 
bilirubin was 7.1 mg. per cent (Fig. 5). 

The remaining fourteen patients (Tabic I) with a range of total bilirubin 
from 3 to 30 mg. per cent (average 7.6 mg. per cent), twelve of whom had 


ClRCmCViTCuS OISTRUCTIO* 



TOTAL BILIRUBIN 

Fig. 3. — Serum biliverdin values in twenty-seven patients with carcinomatous obstruction 
of the common bile duct plotted against the total serum bilirubin (per cent bihvermn of total 
bilirubin represented by the radiating lines). 
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either a hemolytic process or bilirubinemia of the predominantly indirect type, 
all had zero biliverdin. The interference of methemalbumin in the method was 
not recognized early in the study but undoubtedly accounts for the slight gal- 
vanometer deflection in the patient marked by the asterisk (Table I), in which 
a definite in vivo hemolysis was known to have occurred. 


JillOICC II 

• . i tMTim X- cimh csu 

« i trvm Tllvtl - ttj.J 



4. Serum biliverdin values plotted against total serum bilirubin in patients with infectious 

hepatiUs and cirrhosis. 



E'S. 5 — Serum biliverdin and total bilirubin values in patients wi 

atresia of the common bile duct. 


with stone, stricture, and 


A variation in biliverdin concentration without respect to the direction 
of change in total bilirubin was noted during serial observations on twelve 
Patients (Figs. 6 and 7) ; of these, the three in Fig. 7 stood out as being the 



4SG 


LARSON, EVANS, AND WATSON 


only ones who had received food or intravenous feeding to raise their caloric 
intake above basal requirements, resulting in a weight gain in two instances. 
In these three bilivcrdinemia disappeared completely despite the absence of 
any marked change in the total scrum bilirubin. 

A green tint was observed in the skin of patients having as little as 0.3 
mg. per cent in the serum. 

oti'tts in mmoia — 1 



Fie. 0. — Changes In the scrum blHverdin and bilirubin concentrations in serial studies. 



Fig, 7. — Disappearance of bilivcrdinemia without corresponding change in total serum bilirubin 
in patients with notably high caloric intakes. 


DISCUSSION OF RESULTS 

Lemberg and Wyndham 21 demonstrated a rapid, in vitro transformation of 
biliverdin to bilirubin in the presence of liver, kidney, and brain tissue 'and a 
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slower change in the presence of other tissues. They also observed a more 
rapid and complete transformation by the liver tissue of well-fed animals as 
compared with that of starved animals; furthermore, the addition of glucose 
to the tissue preparations from the latter animals accelerated the change. Lem- 
berg 22 further emphasized the role of the liver in the reduction of biliverdin 
to bilirubin and the particularly close connection between the metabolism of 
bile pigment and carbohydrate in the liver. 

The latter hypothesis gains possible support from the experience of Kan- 
asaki, 15 in which green bile in the duodenal drainage of a patient with cirrhosis 
was replaced by orange bile after administration of intravenous glucose. Fur- 
thermore, biliverdin rather than bilirubin is excreted in the bile of starving 
dogs 33 and by frogs 20 whose livers are low in glycogen content. The oxidation- 
reduction possibilities which may exist in the liver and biliary duet system, 
both in health and disease, have been discussed by a number of investiga- 
tors. 4 ' 22 > 23 > 20 > 30 

In the present study the trend was for the higher values of serum bili- 
verdin to occur in patients with the higher values for total bilirubin, though 
notable exceptions occurred. In agreement with the findings of Eppinger, 30 
the results indicate that the most pronounced biliverdin icterus and the highest 
values for serum biliverdin were associated with neoplastic obstruction of the 
common bile duct. However, biliverdinemia was a feature of other types of 
regurgitation jaundice as well, especially infectious hepatitis. The bulk of 
evidence favors a failure of change in biliverdin to bilirubin in the liver and/or 
other tissues. Noteworthy in this respect is the lack of biliverdinemia in the 
patients with hemolytic jaundice in which there was an obvious rapid trans- 
formation of blood to bile pigment. As to causes of biliverdinemia other than 
a failure of the liver or other organs and tissues to reduce biliverdin to bilirubin, 
the spontaneous oxidative formation of biliverdin from bilirubin in the gall 
bladder and bile ducts, with subsequent reabsorption, must be considered. In 
this regard, the patients with a high biliverdinemia did not show greater elrme pl 
evidence of infection than those with equal jaundice and less biliverdinemia. 
Furthermore, serial observations in twelve patients indicated that the serum 
biliverdin concentration can change markedly in one to five days without cor- 
responding change in total bilirubin and, therefore, in the case of common 
duct obstruction, without change in the reabsorption possibilities from the 
biliary tree. 

In contrast to the clinical observations of Bmgsch® and Bursters, 34 bili- 
verdinemia was not observed in jaundice due to hemolytic processes. 


SUMMARY AX0 COXCLUSIOXS 

1. A direct spectrophotometric method for the quantitation of biliverdin 
in serum or plasma is described. 

2. Observations on sixtv-six patients with jaundice due to various causes 
are summarized. In general, biliverdinemia is a feature of regurgitation jaun- 
dice; it has not been observed in hemolytic (retention) jaundiced Absence of 
Mtverdtneum speak a-ainst a diagnosis of jaundice due to neoplastic obtSuc 
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3, There is suggestive evidence that biliverdinemia is abolished in jaundice 
when the nutritional status of the patient improves. 
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DIFFERENTIAL AGGLUTINATION OF HUMAN ERYTHROCYTES 
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T HE differential agglutination of erythrocytes depends upon a specific reac- 
tion between the agglutinin of an antiserum and the agglutinogen of red 
cells. After transfusion of red cells lacking an agglutinogen present in the 
cells of the recipient, it is possible to agglutinate the cells of the recipient by 
use of an appropriate antiserum. Conversely, after transfusion of erythrocytes 
containing an agglutinogen not present in the cells of the recipient, but for 
which the recipient’s serum has no specific agglutinin, the donated corpuscles 
can be differentially agglutinated. 

Inasmuch as this procedure has many applications in investigative medi- 
cine, it was deemed worth while to study the factors affecting the accuracy 
of the method and to determine the most satisfactory quantitative procedure. 
The objectives of this paper are (1) to describe the technique currently used 
by this laboratory and (2) to present the practical, experimental, and statis- 
tical considerations which led to the adoption of this technique. 

historical 

In 1919 Ashby 1 first studied the fate of transfused erythrocytes by giving 
Group 0 cells to recipients belonging to one of the other major groups. She 
found, for example, that after transfusing Group 0 cells to a Group A re- 
cipient, the latter’s cells could be agglutinated with anti-A (Group B) serum 
and that the unagglutinated 0 cells of the donor could then be enumerated 
by transferring the serum-cell mixture to a counting chamber. Wiener 2 ’ 3 later 
demonstrated that differences in MN type could he utilized in a similar man- 
ner. After transfusing AN cells, for instance, to an AMN recipient, the latter’s 
cells were agglutinated by anti-M serum and the unagglutinated AN cells of 
the donor could be counted as in the method of Ashby. By utilizing both AB O 
and MN differences, it was soon proved feasible to make observations simul- 
taneously on the fate of cells from two or tln-ee different donors in the circu- 
lation of a single recipient. 

MemcmoTnd DStfstU™ entS ° f Me ' ,lcine and PathoIo °' The University of Rochester School of 
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Ashby’s technique consisted of filling a leucocyte pipette with capillary 
blood to the .5 mark. The pipette was then filled to the 1.1 mark with a 20:1 
mixture of scrum and 4.4 per cent citrate solution. The mixture was expelled 
into a small test tube, shaken, incubated at 37° C. for forty minutes with 
shaking every ten minutes, and then placed in an icebox overnight. On the 
following day the mixture was shaken, a drop placed in a counting chamber, 
and the cells in 160 small squares in each of two chambers were counted. 
A tube containing the blood of a nontransfused individual was used as a con- 
trol to test the agglutinative capaeit} 7 of the serum, and ihe same scrum was 
used throughout each experiment. Ashby' 1 later advised against refrigera- 
tion of serum-cell mixtures because of nonspecific agglutination caused by low 
temperatures. 

In 1922 when Wearn and associates 6 used Ashby’s method to determine 
the life of transfused red cells, they noted that, of the cells which should have 
been specifically agglutinated, from 20,000 to 50,000 per cubic millimeter re- 
mained unagglutinated and the} 7 considered 50,000 such cells per cubic milli- 
meter the upper limit for satisfactory sera. 

In 1924 Jervell 0 made a comprehensive study of the factors affecting the 
accuracy of Ashby’s technique. He used saline suspensions of cells mixed 
with agglutinating sera of high titer and found that shaking of serum-cell 
mixtures for one minute was adequate and that further shaking did not alter 
the counts. 

Landsteinev and co-workers 7 in 1928 first employed M and N factors in 
a study of the longevity of type M donated cells in a recipient of type N, and 
Wiener and associates 8 ’ 0 applied M-N differences to the study of transfusion 
reactions and storage of blood. 

Mollison and Young, 1D ’ 11 who applied the principle of differential aggluti- 
nation to the study of various blood preservatives, drew capillary blood into 
a hemoglobinometer pipette, mixed it with citrate, and then mixed the cell 
suspension with antiserum in a flat-bottomed bottle. Anti-A, -B, -M, and -N 
sera were used, and two individuals enumerated the unagglutinated cells. 

Dacie and Mollison 12 in 1943 further refined the technique during the 
course of their studies on hemolytic anemias. They added 20 c. mm. of capil- 
lary blood to 1.0 c.c. of saline, or 0.1 c.c. of venous blood to 5.0 c.c. of saline; 
the resulting cell suspension was mixed with an equal volume of potent anti-A 
or anti-B serum, allowed to stand an hour, centrifuged, shaken, and again 
centrifuged. Anti-M and anti-N sera were used in the same way with the 
exception that the serum-cell mixtures were allowed to stand two hours and 
were not placed in the centrifuge. 

The technique of Dacie and Mollison was used with notable success by 
Brown, Hayward and co-workers 13 and by Callender and associates 11 in their 
investigations of the manner of destruction of transfused normal erythrocytes 
by normal and anemic recipients. This method also has been employed by 
Young and Lawrence 15 ’ 15 whose only deviation was that of preparing an initial 
1:101 dilution of blood in saline instead of a 1:51 dilution as recommended by 
Dacie and Mollison. 
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Other techniques of differential agglutination have been developed and 
successfully used by Dekkers, 17 Denstedt and co-workers, 18 and Thalhimer. 19 
Ebert and Emerson, 70 who made a thorough study of the hemolytic effect of 
Group 0 blood and pooled plasma, were the first to describe the use of dried 
antiserum for differential agglutination, an innovation having advantages which 
will be enumerated subsequently. It is the technique of these authors 20 - 21 
that has been followed to the greatest extent in developing the method cur- 
rently adopted by this laboratory. 

In 1924 Isaacs 22 criticized studies employing the technique of differential 
agglutination of cells. He stated that reticulocytes and nucleated l-ed cells 
were nonagglutinable and were largely responsible for the error of the method. 
Subsequent observations in other laboratories and those reported in this paper 
show clearly, however, that reticulocytes are readily agglutinated by the usual 
antisera. 

applications of the technique 

The applications of the technique of differential agglutination are de- 
scribed in detail in the publications to which references have been made and 
are reviewed briefly elsewhere. 23 These applications may be enumerated as 
follows : 

1. Determination of the life span of normal red cells by transfusion to 
normal recipients. By this method the erythrocyte has been found to survive 
for periods as long as 120 days or more. 11 

2. Study of pathologic destruction of red corpuscles in hemolytic disor- 
ders by “cross-determination of the lifetime of erythrocytes.” 12 ’ 16 ’ 24 ’ 25 Nor- 
mal cells are transfused to patients with hemolytic anemia and cells from the 
latter are transfused to normal recipients in an effort to determine whether 
intra- or extra corpuscular abnormalities, or both, may be present. 

3. Investigation of transfusion reactions in which incompatible donated 
cells are rapidly destroyed by the action of regular or irregular isoagglutinins 
of the recipient, or in which the recipient’s cells are subjected to the hemolytic 
effect of transfused plasma or Group 0 blood. 9 ’ 20, 2G - 27 

4. Evaluation of the effects of storage, preservatives, and methods of 
transport of whole blood and red blood cells. 8, 10 - ”’ 18 

5. Observations on the selective action of the spleen on abnormal autol- 
ogous cells as contrasted with normal donated cells. 2S ' 29 


THE TECHNIQUE 

Five cubic centimeters of venous blood are withdrawn into a dry syringe 
with a minimum of stasis, and after removing the needle, the blood is* expelled 
into a bottle containing 4 mg. of dried potassium oxalate and 6 mg. of dried 
ammonium oxalate. 20 After gentle rotation. 0.5 c.c. of the oxalated blood is 
transferred with a volumetric pipette to a 100 c.e. volumetric flask which is 
then filled to the mark with fresh normal saline. After thorough mivino- 
0.2 c.c. portion, c £ tlie 1 200 s „ !p e„ si „„ „e tionsWd 
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to each of four test tubes of approximately 7 mm. inside diameter and 6 cm. 
length. Tubes 1 and 2 contain only the saline suspension of cells, while tubes 
3 and 4 contain 2 to 4 mg. of dried anti-M or anti-A scrum. * This is the 
amount which can conveniently be held on the broad end of a toothpick, and 
no more accurate measurement than this appears to be necessary or practical. 
All the tubes are shaken gently and after about three minutes tubes 3 and 4 
containing the serum-cell mixtures are centrifuged for one minute at 1,000 
revolutions per minute. They are then shaken for fifteen seconds by rapid 
flicking against the table and after standing five minutes or longer at room 
temperature the mixtures are counted. 



I- FIRST fl SQUARES 
2-8EC0MD 8 SQUARES 
SQUARES COUNTED ON EACH 
SIDE OF A CHAMBER 


FEASOR I COUNTS CHAMBERS A AMO 0 
REASON C COUNTS CHAMBERS B AND C 


Fig. 1. — Diagram of technique. 


After reshaking for fifteen seconds the cell suspensions and serum-cell 
mixtures are transferred to a bright-line counting chamber by means of large 
bore (0.8 to 1.2 mm.) capillary tubes which are discarded after a single filling. 
Each of two individuals fills one side of a chamber from each of the four tubes 
and counts the red cells in two sets of five squares (each square measuring 
200 microns) in each side of a chamber as indicated in Fig. 1. By this pro- 
cedure, 4 saline and 4 serum counts of five squares each are made by each 
person, thus giving a total of 8 saline and 8 serum counts. In counting fields 
where agglutinated cells are present, any square containing a large clump is 
omitted and an adjacent square is counted in its place. Both persons enumer- 

*The dried antisera used in these studies were purchased from Lederle Laboratories, Pearl 
River. N. Y. 
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ate tlie cells simultaneously and with a minimum of delay. Counts are dis- 
carded and repeated if (1) either person suspects a break in technique or 
(2) the difference between the average counts for five squares is greater than - 
1.5 standard deviations. 

The same lot of serum is used throughout each investigation, if possible, 
and the serum is tested at the beginning of the experiment, and periodically 
thereafter, for its ability to agglutinate the cells which possess the specific 
agglutinogen. If less than 10,000 per cubic millimeter of the cells containing 
the agglutinogen for which the antiserum is specific are left unagglutinated, 
no correction factor is necessary. If from 10,000 to 50,000 cells per cubic 
millimeter are left unagglutinated. this correction factor is subtracted from 
each serum count. If more than 50,000 cells per cubic millimeter fail to ag- 
glutinate, the serum is considered unsatisfactory for use in this procedure. 
This means that 99 per cent of the cells must be agglutinated if the suspension 
used contains 5 million cells per cubic millimeter. 

The calculations made after completing each group of counts are most 
easily presented by citing an example sxxeh as that of an OMN recipient trans- 
fused with ON erythrocytes. Following such a transfusion, anti-M serum 
agglutinates nearly all of the recipient’s cells and leaves unagglutinated all 
of the donated cells which are enumerated in the serum count. In this ease : 

Cl) Total number of red cells per cubic centimeter (that is, OMX + OX 
cells) = (Average of 8 saline counts of five squares each) x 10,000 

(2) Xumber of OX cells per cubic millimeter = (Average of 8 serum 
counts x 10,000) - the correction factor 

(3) Xumber of OAIX cells per cubic millimeter = Total number red cells 
per cubic millimeter - number OX cells per cubic millimeter 

If typical figures are substituted in these formulas as examples, the following 
results are obtained : 

(1) 425 X 10,000 = 4,250,000 

(2) (170 x 10,000) - 20,000 = 1,6SO,000 

(3) 4,250,000 - 1,680,000 = 2,570,000 

It is- to be noted that the average of the saline counts made by this method 
provides an accurate count of the total red cells per cubic millimeter when the 
figure is multiplied by 10,000. 

If the number of unagglutinated cells in the serum-cell mixture is below 
100 per set of five squares, it is advisable, because of large Poisson errors, to 
make a separate saline suspension containing 1, 2, or 4 e.c. of oxalated blood 
in 100 c.c. of normal saline and to use this suspension for mixing with anti- 
serum. Counts obtained are then divided by 2, 4, or 8, respectively, in the 
final calculations. 

When liquid antiserum is used instead of the dried preparation. 1.0 e.c. 
o£ °xalated blood is ordinarily diluted to 100 e.c. with saline and 0.2 c.e of 
the 1:100 suspension is placed in each of four tubes as is done when dried 
serum is used. To tubes 1 and 2 is added 0.2 c.c. of saline and to tubes 3 
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and 4 is added 0.2 c.e. of antiserum. The remainder of the procedure is the 
same with liquid sera, witli tire exception that it may be necessary to shake 
the serum-cell mixtures more gently than when dried antisera arc used. The 
optimum amount of shaking may vary from scrum to serum, either wet or dry, 
and it is therefore necessary that tin's amount he determined for each lot of 
serum at the beginning of an experiment. 

FACTORS AFFECTING THE ACCURACY OF THE TECHNIQUE 

Selection of Donor-Rccipicnt Combination Prior to Transfusion. — Since anti- 
A, -B, and -M sera give quantitative results, as will be shown in the discus- 
sion of antisera, it is possible to use differential agglutination in the combina- 
tions given in Table I. Inasmuch as the cells of all individuals in the popu- 
lation contain either the M or the N factor, or both, it is possible to carry out 
this procedure with all recipients. When Group 0 blood is given to A, B, or 
AB recipients, it is advisable to use only the red cells 20 or to add A and B 
substances to whole blood. The deliberate transfusion of Rh-positive blood 
into Rh-negative recipients for the purpose of studying differential agglutina- 
tion is potentially dangerous and unjustifiable, particularly if there are to he 
repeated transfusions or if pregnancy is anticipated in the case of the Rh- 
negative female recipient. Likewise, the repeated transfusion of A, blood to 
an A 2 recipient or vice versa may be potentially dangerous, especially if the 
recipient is suffering from a hemolytic disorder. 31 

Table I. Mixtures oe Honor’s and Recipient's Blood Most Satisfactorily Used 



in Differential 

, Agglutination 


RECIPIENT’S 

donor's 

SERUM USED TO 

UNAGGLUTINATED 

GROUP 

GROUP 

DIFFERENTIATE 

CELLS 

A 

0 

Anti-A 

0 

B 

O 

Anti-B 

0 

AB 

0 

Anti-A, Anti-B, or both 

0 


A 

Anti-B 

A 


B 

Anti-A 

B 

N 

M 

Anti-M 

N 


MN 

Anti-M 

N 

M 

N 

Anti-M 

N ■ 

UN 

N 

Anti-M 

N 


Samplmg of Recipient’s Blood. — Best results have been obtained with 5 c.c. 
samples of venous blood drawn into dry, sterile syringes without stasis and 
transferred to bottles containing dry oxalate mixture. Capillary blood may 
be used if venous blood is not readily obtainable, but it is to be kept in mind 
that some accuracy is sacrificed in taking small samples.* Capillary blood is 
most easily drawn with a hemoglobinometer pipette from which a 0.02 c.e. 
sample is transferred to a tube containing 4.0 c.c. of saline, thus giving a 


»It should be emphasized that the hematocrits of venous and capillary Wood: may differ 
significantly and that both may differ widely from the "whole body" hematocrit. The i results 01 
differential agglutination tests made after transfusion should be Interpreted with these hemato 
crlt variations in mind. 
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1:200 dilution of cells as in the method employing venous blood. Capillary 
samples are best taken and diluted in duplicate in order to reduce the error 
inherent in the use of small volumes. 

Preparation- of the Saline Suspension . — The 0.5 e.c. volumetric pipettes, 
which are used routinely in transferring venous blood samples to the 100 e.c. 
flasks, have an error of not more than 0.1 per cent, while ±.16 e.c. is the toler- 
ance for error of the 100 e.c. volumetric flasks. Multiple dilutions with the 
accompanying increase in error are avoided by this method. It is important, 
if accurate results are to be obtained, that saline suspensions be of such density 
as to provide counts of between 400 and 500 and never less than 200 cells per 
five squares. Stronger suspensions should be made if the counts do not fall 
within this range. As previously stated, more concentrated suspensions of 
cells in saline should be prepared to mis with antiserum if the counts of un- 
agglutinable cells fall below 100 per five squares. The coefficient of variation 
for a count of 100 is 9 per cent and is larger for counts smaller than 100. 

Differential counts are sometimes made on the nonhemolyzed cells remain- 
ing in the bottom of each tube used in testing the osmotic or mechanical fragil- 
ity of mixtures of two types of cells present in peripheral or splenic blood. 2S ’ 29 
When this is done, the cells are resuspended in normal saline until the density 
of the suspension matches that of a standard tube of the same size containing 
a 1 :200 dilution of whole blood haring a red cell count of from 4.0 to 5.0 mil- 
lion. Two-tenths cubic centimeter portions of the resuspended cells are then 
transferred to four small tubes, and the remainder of the procedure is carried 
out in the usual way. The proportions of the two types of cells can be de- 
termined from counts made on such preparations. 

The Antiserum . — 

The Antisera to Be Used: In light of the present knowledge of the ag- 
glutinogens of human erythrocytes, it is theoretically possible to use eleven 
different antisera for this purpose. These antisera are anti-A, -B, -A x (ab- 
sorbed B), -M, -N, -P, -Rh 0 , -Eh', anti-Eh", -Hr', and -Hr". In the final analysis 
the accuracy of the procedure depends to a great extent on the quality of 
antiserum used. Of the sera available in our laboratory only anti-M, -A. and 
-B have been satisfactory. 

Dried serum has the advantages of relatively uniform potency, stability, 
and economy. The fact that dried antiserum, in the amounts used, does not 
dilute the saline cell suspensions was proven by comparing the counts of saline 
suspensions of AN cells before and after adding dried anti-JI serum in the 
usual proportions. The difference between the counts was only 2.8 per cent, 
revealing no apparent dilution or nonspecific agglutination. This experiment 
was repeated using dried anti-N serum and AW cells and the difference in 
counts was less than 4 per cent. 

The Proportion of Antiserum and Cell Suspension : The amount of dried 
serum, which causes nearly complete specific agglutination and no nonspecific 
agglutination, has been determined by our experiments to he from 2 to 4 m^ 
per 0.2 e.c. of cell suspension. Amounts of from 4 to 8 mg. in 0.1 c.c. of cell 
suspension caused nonspecific agglutination in the case of anti-N serum. For 
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practical purposes the amount which can be held on the broad end of a tooth- 
pick (2 to 4 mg.) gives satisfactory results. 

Correction Factor for Nonag ghitinablc Cells: The problem of correction 
factors based upon counts of unagglutinated cells made prior to transfusion 
has been extensively dealt with in the literature. 5 * ,0 • 52 To be satisfactory 
for use in this procedure the scrum should leave unagglutinated not more than 
50,000 cells per cubic millimeter, or more than 1 per cent of cells containing 
the specific agglutinogen. Frequent retesting of the antisera, particularly 
liquid antisera, to check the correction factor is advised. As shown in Table 
II, the nonagglutinable cells amounted to only 0.2 per cent with dried anti-M 
serum and 0.5 per cent with dried anti-A serum currently in use in this 
laboratory. 

The theory that nonagglutinable cells are reticulocytes or nucleated cells 
is untenable in view of the work of Callender and associates 14 and the follow- 
ing observations made in this laboratory: 

1. The freshly drawn erythrocytes which were left unagglutinated after 
mixture with anti-A, -B, and -M sera were stained with brilliant cresyl blue 
and no reticulocytes or morphologically abnormal cells were found. 

2. Dried anti-M serum was added to a suspension of 3\IN cells from a 
patient with chronic hemolytic anemia. Although 51 per cent of the cells were 
reticulocytes, only 2 per cent were left unagglutinated, which means that most 
of the reticulocytes were agglutinated as were the mature cells. At the be- 
ginning of a previous experiment, 15 when ?3 per cent of the erythrocytes from 
this patient contained reticulum, only 0.5 per cent were left unagglutinated 
by liquid anti-M serum. 

Potency of Antiserum: In order to test the effectiveness of various anti- 
sera in differential agglutination, suspensions of washed, fresh AjMRh-t, BNKh+, 
OMRh-, and A 3 MRh+ cells were prepared in saline. Counts were made on 
each suspension, 1.0 c.c. portions of each suspension were combined to make 
a mixture of the four types of cells, and this mixture was then counted. To 
portions of the mixed cell suspension, anti-A, -B, -A 15 -M, -N, and -Rh 0 sera 
were added by the technique described. In order to determine the nonag- 
glutinable cell count, each of these antisera was tested with that suspension 
of cells containing the agglutinogen for which it was specific; for example, 
the anti-B serum was tested with the BNRh+ cells. Four counts of five squares 
each were made by each of four individuals on each saline suspension and 
serum-cell mixture. 

This experiment was designed to test the accuracy of differential aggluti- 
nation with the antisera which were available in our laboratory on a given 
date. Although the results of this experiment which are shown in Table II 
apply only to the sera tested, similar observations may be carried out to com- 
pare the potency of other sera and to determine the accuracy of the procedure. 
It is apparent that only the anti-M and anti-A sera tested were sufficiently 
potent to agglutinate 99 per cent of the cells containing the specific agglutinogen. 
A comparison of expected per cent nonagglutinated cells and the actual per 
cent of nonagglutinated cells in the mixture of cells is shown in Table II. The 
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Table II. Results of Differential Agglutination of Artificial Mixture of 
Erythrocytes "With Antiserum 


ANTISERA 

AVERAGE OF 4 
COUNTS BV 1 
EACH OF 4 
rEF.SONS 

ACTUAL rr.u 
CENT NOT 
agglutinated* 

EXPECTED PEP. 

CF.XT NOT 
AGGLUTINATED j 

PEP. CENT 

difference 

+ OR - 

PER CENT 
NONAGGLU- 
TlNABLEf 

Anti-A (drv) 

258 

52.G 

50.4 

2.2 f 

0.5 

Anti-B (drv) 

372 

71.4 

73.S 

2.4$ 

4.9 

Absorbed B 
(liquid) 

20(5 x 2 

41.3 

75.G 

34.5$ 

41.7 

Anti-M (dry) 

122 

24.9 

2G.2 

1.3$ 

0.2 

Anti-N (dry) 

304 

54.1 

73.8 

19.7$ 

S.21 

Anti-Eli, 

(liquid) 

125 x 2 

2G.0 

24.2 

1.8? 

2G.2 


•Corrected for nonagglutinable cells as shown in last column. 
(Counts made on individual celt suspensions. 

JNot agglutinated. 

SAgglutinated. 


anti-A, and anti-N sera yielded results grossly different from those expected. 
These results illustrate the consequence of using antisera of low potency and 
specificity. The dried anti-B serum used in this experiment left 4.71 per cent 
of B cells unagglutinated, whereas previous lots of liquid anti-B serum ob- 
tained from donors immunized with A and B substances were considerably 
more potent. Additional lots of dried anti-B serum have not yet been tested 
in this laboratory. 

Minimum requirements for blood grouping' and typing sera have recently 
been set forth by the National Institute of Health. 32 

The Reaction of Specific Agglutinin and Agglutinogen . — 

Time: The time required for maximal agglutination varies widely depend- 
ing upon the avidity of the serum and whether or not the serum-cell mixture is 
centrifuged. In onr experience and that of other recent investigators, 21 three 
minutes before centrifuging and five minutes afterward are adequate. 

Centrifugation of Serum-Cell Mixtures: It is well known that hemaggluti- 
nation is greatly accelerated by centrifugation of serum-cell mixtures. °I)aeie 
and Mollison 12 recommend that the mixtures containing liquid anti-A or anti-B 
serum be allowed to stand for at least sixty minutes before centrifugation. 
The experience of this laboratory indicates, however, that a period as short as 
three minutes is adequate for dried anti-A and anti-M sera and probably for 
liquid anti-A, anti-B, and anti-M sera. Ebert and Emerson 20 and Emerson and 
Sken 21 have also found that it is necessary for mixtures containing dried anti-A 
or anti-B serum to stand only a few minutes before centrifugation. 0 

Since anti-M and anti-N sera are absorbed rabbit sera,°nonspecifie reactions 
between these sera and human cells may often be encountered. 3 - 19 Dacie and 
Mollison have cautioned against centrifugation of mixtures containing anti-M 
or anti-TS serum because of the danger of causing nonspecific clumping of tvue 
B cells by an occasional lot of liquid anti-31 serum, but this has not been true 
of the lots of dried anti-M serum thus far tested. Both liquid and dried anti N 
sera have beet . rated to cause some nonspecific agglutination in onr e 'nerieto 
particularly after centrifugation. If centrifugation is carried out for 2! T 
on. minute at 1,000 to 1,500 r.p.m. there maf he somefoSf^aS' 
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Temperature: In our experience and that of other workers 5 ’ 10 room tem- 
perature is most satisfactory. The titer, and probably the avidity of isoagglu- 
tinins is decreased at temperatures as high as 44 to 55° C. which were recom- 
mended by Jervell. 0 Refrigeration, on the other hand, as originally used by 
Ashby 1 may cause nonspecific cold hemagglutination. 

Shaking: The amount of shaking to which the scrum-cell mixture should be 
subjected is a problem which must be standardized with various sera. We have 
found that with potent dried antisera vigorous shaking by flicking against the 
table for fifteen seconds is necessary and if the shaking is too gentle false ag- 
glutination may be present. Vigorous shaking may not be necessary, however, 
when liquid antisera are used. Saline suspensions are shaken in the same fashion 
as serum-cell mixtures. 

Filling the Chamber . — For filling the chamber it has been found that dis- 
posable glass capillary tubes which are from O.S to 1.2 mm. in diameter and 12 
cm. in length arc convenient and give constant results. When exceptionally 
large clumps of agglutinated cells are present, it is advisable to avoid them in 
I’emoving samples from the tubes. 2 ’ 12 When saline cell suspensions were trans- 
ferred to counting chambers with 1.2 mm. capillary tubes, 0.2 mm. capillary 
tubes and the stems (0.4 mm.) of Trenner er 3 *throcyte pipettes, the differences 
in counts were insignificant. In making this comparison each of two persons 
made four transfers by each of the three methods and counted ten (200 mm.) 
squares after each transfer. It was found, however, that in transferring 
serum-eell mixtures irregularities were apt to occur when capillary tubes 
smaller than 0.5 mm. in diameter were used. Trenner pipettes have not been 
employed for this purpose because of the time x-equired for their cleaning. 

Counting of Cells . — Simultaneous counts by two persons of the cells in each 
tube make it possible to detect the unavoidable errors of technique which occa- 
sionally occur. These errors are assumed to exist, even though they have not 
been obsei-ved, when the differences between the counts is greater than 1.5 stand- 
ard deviations. The counts are then discarded and repeated with different 
chambers. The 1.5 standard deviation control limit is econoxnical, permitting a 
loss of only about 12 per cent of “true” counts. The standard deviation of the 
difference between the counts (that is, the average of four sets of five squares) 
obtained by two persons is : 

a (A, - A,) = V 015 (A, 2 + A.= ) + .2 (A, + A.) 

where A 1 and A« are the counts by the two persons (See Statistical Considera- 
tions). In the range of counts dealt with, 100 to 500, 1.5 o-has the l’ange 20 to 80. 

In order to determine the better method a statistical test was done compar- 
ing: (1) two persons counting ten squai’es on each side of the chamber and (2) 
two persons counting twenty-five squares on only one side of the chamber. By 
each method 30 saline suspensions of different concentrations were counted. 
The coefficients of variation for the difference between the avei’age number of 
cells in five squares (that is, the average counts) found by two persons were 
corrected for Poisson errors and were found to be (1) 8.2 per cent and (2) 
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13.4 per cent. Fisher-Z which tests the honiogeneity of these values has a 
probability near 5 per cent. The discrepancy of these values is attributable 
to chamber error, more thoroughly characterized by Berkson 33 as 4.5 per cent. 
Since the consistency between counts by different persons is used as a criterion 
of statistical control, the first method (1) was adopted because of its greater 
precision. 

STATISTICAL CONSIDERATIONS 

Formulation of the technique presented in this paper was based upon many 
practical and experimental considerations, some of which required statistical 
tests and judgments in the management of sampling errors in counts. A count 
obtained by this technique presumably will be compared with another one 
under different experimental or clinical conditions. Such comparisons of 
counts require statistical judgments based on the standard deviations of counts 
and differences between them. If a A is the standard deviation of count A, and 
<r B is the standard deviation of count B, the standard deviation of the differ- 
ence between counts A and B is : 

O' CA - B> ~ V + <*fl 2 

Similar manipulations of the standard deviation can be found in elementary 
statistical textbooks for other types of experimental comparisons. A 1.5 <r 
tolerance or error range includes about 88 per cent of random counts. In this 
laboratory differences between counts beyond the 1.5 cr range are convention- 
ally considered nonrandom. 

The general formula for the standard deviation of a count by the tech- 
nique of this paper is given by : 

„ f o.io az Ha 
* K ~ \ N + MN 


where A is the count, which is the average count of M counts of five squares 
by each of N persons. The precision of any statistical test using <r A can be 
enhanced by increasing 31, N, and/or A. A convenient number of counts of 
five squares is 4(31 = 4) and persons is 2(N = 2), and counts are held within 
the range 100 to 500. The first factor (.015) was determined from several 
hundred counts made under varying circumstances : different values of 31 N 
and A; saline and different antisera; different recipient-donor combinations 
etc. ; all of these conditions showed homogeneity of errors. This factor which 
should be determined in each laboratory unless the technique described here 
is followed exactly, represents the relative variation due to random effects in 
apparatus and technique and limits the precision in high counts. The second 
error factor (.8A) due to Poisson errors 33 is important in low counts. For 
A = 100, e A = 9. Thus, counts smaller than 100 should be avoided bv usinn 
cell suspensions of sufficiently low dilution. * b 


Example: Accompanying the numerical example under Technique are the 
following calculations of errors: 4 xne 
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(1) Salino count = 425 

± 37 


where 37 = <r = ^ 

^ <U5 (425)= 

. (-S) (425) 
(4) (2) 

(2) Serum count = 108 

± 15 


where 15 — a — ^ 

1 .015 (1GS)= 

2 * 

(.8) (JOS) 
(4) (2) 

(3) Saline minus Serum 

= 257 i 40 


where 40 = <r = ^ 

/ (37.)= + (15): 



In similar fashion the difference between (1), (2), or (3) counts for dif- 
ferent clinical or experimental conditions can be tested for statistical signifi- 
cance by repeated application of the general formula, o (A _ B)! previously given. 

Example : One da}' after transfusion of ON blood to an OMN recipient, 
the technique was carried out using dried anti-M serum which agglutinated 
the recipient’s but not the donor’s cells. The serum count was 132 and a 
month later it was 103. The standard deviation for the difference between two 
counts, A — 132, B = 103 : 

V '.Olu "(1322 103=) .S (132 + 103) 

2 + (4) (2) s K> 

SUMMARY 

1. A technique of differential agglutination of human cxythrocytes is pre- 
sented in detail and its applications in experimental medicine are outlined. 

2. The accuracy of the technique has been tested experimentally. 

3. The precision of the technique has been analyzed and stated statistically. 

CONCLUSIONS 

1. The technique of differential agglutination gives accurate and precise 
quantitative results. 

2. Antisera of sufficient potency, avidity, and specificity are necessary. 
Dried antisera (A, B, and 51) have the advantages of stability and relatively 
uniform potency. 

3. Reticulocytes are agglutinated in the same manner as mature cells and 
erythrocytes which fail to agglutinate are not morphologically abnormal. 
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FIBRINOGEN DEFICIENCY: CLINICAL FEATURES AND 
PROBABLE ETIOLOGIC FACTORS 

Leona B. Yeager, M.D., Paue S. Rhoads, M.D., and Smith Freeman, M.D. 

Chicago, I a. 

I N EVALUATING factors which are responsible for a hemorrhagic state, 
fibrinogen deficiency is seldom considered. Yet, occasionally, as in the case 
to be described later, it may be an important factor. 

Fibrinogen deficiency is rare. It may lie cither acquired or congenital. 
Quick 1 described the condition and reviewed the literature. The congenital 
type is characterized by its hereditary nature, by the tendency to bleed inter- 
mittently from birth, frequently oozing from the umbilical stump, and by a 
low or absent fibrinogen. Nine cases 2 have been reported with no fibrinogen 
and five 3 with a reduced quantity. 

The acquired form has been reported more frequently. Such instances 
usually show a transient fibrinogen deficiency that lias been attributed to an 
interference in fibrinogen formation. In 1924 Opitz and Silberberg 4 described 
a fatal case of generalized tuberculosis with hemorrhagic diathesis in a 
3-year-old girl with no fibrinogen. At autopsy the liver was replaced by 
caseous masses and this finding was considered by the authors as evidence that 
the liver is the source of fibrinogen. In 1927 Knauer 8 reported a ease of possible 
purpura fulminans occurring in a G-year-old girl during an attack of varicella. 
Fibrinogen was 0.015 Gm. per 100 c.c. of plasma. No liver damage was evident 
and it was suggested that the fibrinogenopenia was due to recticulocndothelial 
system damage. In 1930 Jurgens and Trautwcin 0 found less than 0.1 Gm. per 
cent fibrinogen in a 52-year-old man with extensive prostatic metastases in the 
bone marrow. The liver showed subcapsular deposits but otherwise was normal. 
The}' suggested that hone marrow lias a role in the manufacture of fibi-inogen. 
In 1935 Risak 7 ’ n examined 230 patients with varied diagnoses and found eight- 
een with a fibrinogen level below 0.1 Gm. per cent; most of these did not show 
a bleeding tendency. They included patients with blood dyscrasias, infectious 
diseases, extensive bums, malignancies, and a miscellaneous group. Walden- 
strom 7 ’ b has recently described three patients with fibrinopenia, hyperglo- 
bulinemia, and a tendency to bleed excessively. 

In the English literature in 1936 Dieekmann 8 reported three eases of 
abruptio placentae with a fibrinogen level below 0.1 Gm. per cent and attributed 
this to the loss of blood. Allibone and Baar 3 ’ b have described a complete ab- 
sence of fibrinogen in an infant with obliteration of the bile ducts and biliary 
cirrhosis of the liver. The fibrinogen was restored to normal with treatment; 
however, progressive liver damage continued and death occurred in three 
months. They reviewed the literature, found fibrinogen normal in cases of 
severe liver damage, and concluded that a decrease in fibrinogen may or may 
not occur when the liver is diseased and that the site of formation in the liver 

From Northwestern University Medical School and Wesley Memorial Hospital. 
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and bone marrow is fairly well established. Recently in 1946 Field and Dam 9 
reviewed the factors in production of fibrinogen and concluded that in the chick 
the fibrinogen levels are influenced by dietary regimen. Apparently an inade- 
quate protein intake produced elevated fibrinogen levels which were attributed 
to a metabolic disturbance of the liver. 

The fibrinogen level at which a hemorrhagic state appears is controversial. 
In 1931 Peters and Van Slykc 10 gave the normal range for plasma fibrinogen 
as 0.2 to 0.4 Gm. per cent. In 1930 Jurgens and Trautwein 0 considered 0.15 to 
0.12 Gm. per cent as the critical level below which blood did not coagulate. 
Risak 7 - a cited a patient with constitutional fibrinogenopenia whose son had only 
0.02 Gm. per cent fibrinogen and no bleeding tendencies. In many cases the 
bleeding is intermittent even though the fibrinogen remains low or even absent. 
This inconsistency has been attributed to the existence of additional factors. 
Rabe and Salomon"- a thought some change in vascular permeability may be 
necessary. Several authors 1 - b - d - *- f - h have commented on the association of a 
thrombopenia and decreased fibrinogen. Allibone and Baar 3 - b reported a ease 
of congenital fibrinogenopenia with hemorrhagic manifestations with a value 
of 0.11 Gm. per cent and reviewed the theory that a deficiency in the factor of 
the coagulation mechanism may be compensated by the remaining factors. 
Henderson and associates 3 - 11 concluded that the threshold is about 0.06 Gm. 
per cent. 

Because the number of cases so far reported is small, a recent case en- 
countered by us is described in detail. 


CASE HISTORY 

O. TV.,* a 51-year-old farmer’s wife, was first admitted to Wesley Memorial Hospital 
on Aug. 8, 1914, with complaints of diarrhea and generalized weakness both of several months 
duration. No evidence of a hemorrhagic tendency was present at that time, and the diagnosis 
was multiple dietary deficiency resembling sprue. The patient was discharged on a high 
caloric, high protein, high vitamin diet plus supplemental vitamins. On this therapy the 
diarrhea subsided in about a month and she felt greatly improved, so much so that in May, 
1945, nine months after the first admission, site stopped the specific diet and the vitamin 
supplements. However, the food intake remained abundant and varied. Late in June, 
1945, the diarrhea recorred and the weight dropped from 116 to 100 pounds. In August, 
ten days prior to the second entry, large black and blue areas appeared on the skin. A few 
days later the patients knees became painful and discolored. Two small skin abrasions oozed 
constantly. On the evening before admission she injured her gum with a pin, producing 
bleeding wliich continued until about thirty-six hours after entry. 

At the time of admission the patient was emaciated. Ecchymotic areas covered all 
extremities and were numerous about the head. Abrasions on the arm were oozing slightly. 
The gum at the site of the injury was bleeding freely. The knees were swollen and tender. 
The skin of the hands, legs, and feet was unusually firm and thick. The blood pressure 
was 118/80. No abnormalities of the heart, lungs, and abdomen were noted on phvsical 
examination. Throughout the next two days bleeding into the tissues, from the gum and 
urinary tract, became so severe that termination of the hemorrhagic state was urgently needed. 

Factors involved m the coagulation mechanism! were considered. As noted 'in Table 

™ .. .w ^ 

are present. 


sufficient concentration to promote thrombin formation when the other factors * 
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have accounted for increased capillary fragility but not for a prolonged coagulation time. 
The platelets were only slightly reduced in number (although they may have been func- 
tionally abnormal). Consequently, at first the defect was thought to bo a decreased pro- 
thrombin concentration. Ten milligrams of vitamin ft were administered intravenously 
at eight-hour intervals. A blood transfusion was given three hours after tho first dose of 
vitamin K. The transfusion was followed by immediate cessation of bleeding. It is impos- 
sible to state tbo degree to which the vitamin Iv, on one hand, and the blood transfusion, 
on the other, contributed to the termination of bleeding. 

This patient has returned for observation on two occasions. TUcro has been no 
further bleeding, tiie weight remained unchanged, but sho still has irregular periods of 
diarrhea. Firmness and thickness of tho skin of the hands and forearms have persisted. 

Tho significant laboratory findings aro tabulated in Tables I to IV. A fibrinogen level 
of 0.04 Gm. per cent was reported; this value 5s well below the critical level indicated by 
most authors. Consequently, it seemed probablo that fibrinogen deficiency was an important 
factor in the bleeding tendency of this patient. During the acute bleeding episode hema- 
turia was noted. Small amounts of free hydrochloric acid wore present in the gastric con- 
tents on each admission. Stool analysis and proctoscopy showed no abnormalities. The 
total fat content of dried feces was 22 per cent. The bone marrow showed no significant 
change; erythropoiesis was normoblastic. 

A deficiency in both fibrinogen and prothrombin probably existed simultaneously in 
this patient. Estimation of cither substance depends on the presence of the other essentials 
of the clotting mechanism. Spontaneous clot formation did occur in the calcified plasma 
used for fibrinogen determination, and sufficient repetition of analyses bv two different 
methods in separate laboratories verified tbo exceedingly low level of fibrinogen in the blood. 
A comparison of the results obtained by the addition of thrombin and by allowing spon- 
taneous coagulation to occur after recalcification of the plasma indicate tlmt a slight dif- 
ference is obtained by the two methods on either fibrinopenie or normal blood. Spontaneous 
coagulation was delayed for liours in the most fibrinopenie blood, and the clot formed at 
the lowest fibrinogen levels reported did not possess the physical properties ordinarily ob- 
served in freshly coagulated fibrin. In our experience the most satisfactory method of fibrin 
estimation is tho direct determination of nitrogen in the congulum after it 1ms been collected 
and washed. The addition of calcium to plasma results in a somewhat higher value for fibrin 
as compared to that obtained when thrombin alone is added. Tin's difference, although 
representing only 0.02 to 0.04 Gm. ;er cent fibrin, was quite consistently obtained on different 
samples of blood. Since tho determination of prothrombin assumes a normal fibrinogen con- 
centration, prothrombin estimation hero would bo in error. In only a few of the previous 
eases of fibrinoponia reported by other authors has prothrombin been considered. Allibonc 
and BaarS. t> reported no clot in their prothrombin estimations and discussed tho relationship 
between prothrombin and other coagulation factors. They also pointed out that tho routine 


Table I. Coagulation Factors 



8/S/44 6/18/45 8/22/45 S/24/45 8/24/45 8/27/45 11/9/45 2/11/40 

Fibrinogen 13 

0.04* 

0.06 

0,078* 0.1 S 

0.1S 0.24 

0.20 

(grams per cent) 
Coagulation time in min- 
utes (Lee-White) 

70 

6 

10 

5 

5 

Prothrombin time in sec- 
onds 14 . 1S 

Patient 

No clot 

22 

70 

30 

32 

Normal 

25 

23 

35 

27 

26 

Bleeding time in minutes 
(Duke) 

Clot retraction (twenty- 
four hours) 

Platelet count (cubic mil- 
limeters) 

Bumpel-Leede 

Ascorbic acid 

3% 

Slight 

220,000 

0.16 0.26 

140,000 

Positive 

146,000 205,000 

1.32 0.8S 

Normal 

161,000 

1.22 


•Blood transfusions were given August 19 and 24. 
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estimation of prothrombin assumes a normal fibrinogen. Quick 1 has stated that the bleeding 
in acute yellow atrophy frequently attributed to low fibrinogen is very likely due to severe 
hypoprothrombinemia. 

Further studies were made in an effort to determine the cause of the fibrinogen and 
prothrombin deficiencies. Liver function was only slightly impaired as judged by the tests 
employed (Table II). The changes in liver function which were observed are such as one 
might expect to find in chronic impairment of intestinal absorption. The chronic diarrhea, 
gross evidence of malnutrition, flat oral glucose tolerance curve (as compared to the normal 
intravenous curve, Fig. 1), and low plasma vitamin A and carotene levels are all evidence 
of impaired gastrointestinal absorption. The moderate macrocytic anemia (Table IU) and 
x-ray findings of dilated loops of intestine (Fig. 2) are other manifestations compatible with 
the diagnosis of a nutritional deficiency which would necessarily be due to impaired absorp- 
tion since the patient had been on an adequate diet. 

The change in intestinal absorption may have been due to a “generalized scleroderma -'-'i 1 
involving the intestine as well as the skin. However, a skin biopsy showed no abnormality 
other than edema. The patient \s physician recently reported that the skin of the lower legs 
and feet has become markedly thicker during the months after she left the hospital. 

Sprue was considered as a diagnosis. However, at no time did the patient complain 
of glossitis, and free acid was always found in the gastric contents. Nevertheless, the low 
plasma vitamin A and carotene levels and the presence of macroevtosis suggest sprue. 

Intestinal absorption may have been affected by the pancreatic insufficiency as indicated 
by the poor amylase output to intravenous secretin (Table IY). The lack of therapeutic 
response to oral pancreatin, however, argues against pancreatic function as other than a 
contributory factor to the picture. The findings of fibrinogenopenin in the absence of marked 


Table II. Studies op Hepatic Function 



8/8/44 

8/20/45 

8/27/45 

11/7/45 

2/11/40 

Bromsulphalein (thirty minutes) 

I.Y. hippuric acid test (0.7 to 0.95 Gm.) 
Ceplialin flocculation 

Total plasma protein (grams per cent) 
Albumin 

Globulin. 

Icterus index 

4.6S 

1.2 

3.48 

6.18 

Negative 

0.3595 

5.72 

3.04 

2 . 6 S 

0.3469 

5.30 

3.3 

2.0 

6.5 

0.4339 

Negative 

6.03 
3.S1 

2.04 


Table m. Composition op Blood 



S/S/44 8/1 </4o S/21/45 8/27/45 ll/ii /45 9 n i /Vr 

RB.C. (million per cubic millimeter) 

3.15 

4.0 3.92 

4.29 3.67 3 59 

Hemoglobin (grams) 

10 

13.0 

13.0 12.5 120 

W.B.C. per cubic millimeter 

3,450 

6,050 

6,250 5,000 4,750 

Present Present 
45 41 

10.3 

10.5 8.1 

O.S 

Macrocytosis 

Hematocrit per cent 


Present 

Urea nitrogen (milligrams per cent) 
Serum calcium 

14.1 


Pyruvic acid (0.55 to 0.95 mg.) 


o.s 

Carotene (100 to 35U I.U.) 


13 

Vitamin A (100 to 250 I.U.) 


47 

0 

60 


Table IY. Pancreatic Amylase in Patient and Normal Adult 


SAMPLE 


Before secretin’ 

Ten minutes after 2S ° S 

Twenty minutes after “g q - - 

Thirty minutes after 6 g' G 


DUODEXAL FLUID 

amylase 

1 

TOTAL 1 C.C./MIN. 
10 0.5 

COXCEX- 

tkattox 

OUTPUT 


normal 

response 

OUTPUT 


GOO 

690 

S40 


16,500 

3,470 

5,050 


30.000 

77.000 
16,300 
17.400 
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hepatic insufficiency coupled with impaired intestinal absorption suggests that there may 
be some nutritional factor that is essential for the formation of fibrinogen by the body. 

Treatment lias consisted of supplemental and replacement measures. No further bleed- 
ing has been reported. 

SUMMARY 

A review of the literature reveals a paucity of reports in which fibrinogeno- 
penia was proved to be an important factor in the production of a severe hemor- 
rhagic state. It is for this reason that this instance is reported in detail. 
Whether the low fibrinogen level was due to the inability of the liver to 
synthesize this protein or to impaired absorption of its precursors from the 
gastrointestinal tract is not known. The evidence points to the latter cause. 
The cause of poor absorption in this case may be sclerosis of the intestinal wall 
similar to the changes recognized as scleroderma in the skin. 
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BIOCHEMICAL STUDIES DURING MALARIAL AND ARTIFICIAL 

FEVERS 


Lieutenant Colonel Edward A. Gall, Medical Corps, and 
Major Arthur Steinberg, Sanitary Corps 
Army of the United States 

T HERE have been numerous inquiries into the metabolic alterations produced 
by fever. 1 ' 10 Recent communications, however, reveal a diversity of 
opinion 9 ' “■ 12 and a surprising paucity of observations made during the 
actual course of a febrile episode. Despite the current universal interest in 
malaria and the number of investigations directed at this disease, there are few 
precise data available regarding variations produced in the chemical constitu- 
ents of the blood. 

We were accidentally led into the study of this subject as the result of an 
observation on a patient who developed tetany during the course of an attack 
of recurrent malaria. There was present in this ease neither hypocalcemia nor 
alkalosis but instead a profound degree of hypophosphatemia (serum inorganic 
phosphorus, 0,9 mg. per cent). Since this depiction of phosphorus was found 
to he transitory, the scram phosphorus having returned to 3.2 mg. per cent 
within twenty-four hours, it was thought that investigation of other patients 
with malaria might reveal similar findings. Accordingly, serum phosphorus 
estimations were made in eighteen additional cases during or within two hours 
after a chill. None of these showed evidence of tetany. Among these, fourteen 
patients exhibited serum phosphorus levels between 1.5 and 3.0 mg. per cent. 
In the remaining four the phosphorus level was normal. It was noted, however, 
that in those instances in which the serum phosphorus had been normal or at 
the low borderline level (3.0 mg. per cent) blood samples had been procured 
rather early in the chill. 

Although hypophosphatemia had beeen described previously in association 
with the malarial paroxysm, 9 it appeared that no accurate relationship had been 
established for its time of occurrence or duration. Moreover, there was no con- 
formance in opinions 11 ' 13 regarding the changes effected in other blood con- 
stituents. It was decided, therefore, to carry out a study under controlled 
circumstances and further to determine if possible the existence of parallel 
changes in nonmalarial fever. 

materials and methods 

The study was carried out on three groups of patients as follows: 

Group A . — Serum phosphorus levels were determined at serial intervals during sixteen 
febrile paroxysms in twelve patients with Plasmodium vivax malaria. The time of onset of 
the chill was noted and its relationship to the procurement of the various blood samples 

established (Table I). 

From The Valley Forge General Hospital, Phoenixvillo, Pa. 
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Table I. Sebum Inorganic Puosi'iionus in Relation to Onset of Malarial Paroxysm 




SERUM 

SERUM 

SERUM 

SERUM 

SERUM 

SERUM 


SEBUM 

PHOS- 

PHOS- 

PIIOS- 

PHOS- 

PHOS- 

PHOS- 


PHOS- 

PHORUS 

rnoRus 

pnORUS 

PHORUS 

PHORUS 

PHORUS 


PHORUS 

1 HR. 

2 HR. 

3 HR. 

4 HR. 

5 to S nr.. 

24 TO 72 


AT C111U, 

AFTER 

ATTEP. 

ATTEP. 

AFTER 

AFTER 

HP.. AFTER 


ONSET 

emu. 

CHILL 

CHILL 

CHILL 

emu, 

CHILL 

PATIEXT 

(MO. 

(MG. %) 

(MO. %) 

(M a.%) 

(MG. %) 

(MG. %) 

(MO. %) 

W. J. H. (a)’ 

_____ 

4.1 



1.3 

1.2 

l.C 

3.6 

w. j. h. (i>r 

1 3.2 

2.7 











L.F. 



3.2 

2.S 

3.0 

__ _ 



4.1 

J. G. B. 



2.4 

1.2 



2.0 

3.3 

3.9 

J. P. IV. 


1.3 

2.4 

2.S 

3.1 



3.1 

V. S. 

2.9 

2.2 

2.9 

3.0 

3.4 

l.S 

3.0 

R. G. S. 

3.2 

___ 

1.7 



_____ 



3.6 

R. E. S. (a) 

3.0 




2.5 



3.6 



R. E. S. (b) 

_____ 

2.3 







2.9 

3.0 

R. AV. S. 

4.2 

_____ 

2.0 







3.7 

H. D. P. 





3.0 

3.2 

3.3 

3.4 



A. M. (a) 

...... 



l.S 

2.4 

2.0 

_ __ 

_____ 

A. M. (b) 

2.5 

___ 

1.4 

1.0 



___ 



T.L.J. (a) 



__ 

3.1 

2.1 

2.1 

_____ 

3.0 

T. L. J. (b) 



2.8 

2.2 

1.6 

_____ 

_____ 



P.H. 

3.4 

2.3 

2.0 

1.8 




4.2 


•(a) and (b) refer to two successive paroxysms in the same patient without therapy. 


Group S . — Fifteen patients with benign tertian malaria were selected with a view to 
excluding complicating diseases or injuries which might in some way influence observations. 
The studies were instituted within a relatively short period after the onset of the chill and 
were carried out serially until the temperature fell. Therapy or food were withheld through- 
out the period of observation, the patients receiving neither antimalarial nor antipyretic 
drugs. Water was permitted as desired. Records were kept of the temperature changes and 
their relationships to the time of collection. Both clotted and nonelotted samples were ob- 
tained. The anticoagulant employed in the latter consisted of sodium fluoride and mercuric 
chloride designed to inhibit glycolysis. Spectrophotometric analyses of the following sub- 
stances were performed: serum inorganic phosphorus,”, is serum calcium,” serum mag- 
nesium,” serum potassium,”, 10 blood sugar,2°, 21 and total blood-reducing snbstances .22 In 
addition to the afore-mentioned tests, serum protein determinations 23 also were carried out 
The results of these analyses are shown in Table U. Two additional patients (Cases 
XVI and XVII) were subsequently studied to determine if there was any relationship between 
the hypophosphatemia and the blood creatine and creatinine (Table HI). Observations were 
carried out under the same conditions as previously outlined. 


Group C — This group consisted of ten patients subjected to artificial fever therapy. 
Seven of these with minor eye ailments were treated in a fever cabinet in which the tempera- 
ture was raised to 101° F. (rectal) and maintained for one and one-half hours. The other 
three patients with paresis, were treated in a similar apparatus in which body temperature 
was raised to 106° F. (rectal) and maintained at this level for four hours. Fasting blood 
samples were obtained before the patients entered the fever cabinet and temperatures were 
recorded continuously by means of a thermocouple thermometer. Blood camples were nb 
tained at intervals during the rise and fall of temperature as in Group B The seven 
with eye disorders received only a liter of water per os during the course of the treatment Tnd 
no preliminary medication. They were in a fasting state. The three patients with pare2 
also v ore m a fasting state, but thev were given °00 m<r nf ? 

mouth before entering the cabinet and while febrile were permitted a liteTof ' 2 ^ ^ 
saline so lution.- The results in this group are summarized in Table TV. ^ 

•This was the routine at the Norristown State Hospital. 
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Table II. — Biochemical Studies in Patients With Bunion Tertian Malaria 











miducing 


TIME* 

TEMPER- 

SERUM 

SETvUM 

SERUM 

SKHUM 

TOTAL, 

DI.OOD 

SUB* 


(hr.: 

ATURE 

DO, 

ca 

MfT 

K 

PKOTKIX 

GLUCOSE STANCEt 

CASE 

MIN.) 

(°F.) 

(MG. %) 

(MG. %) 

(MO. %) 

(MO. %) 

(%) 

(MO. %) (MO. %) 

i 

0:20 

101 

3.2 

10.S 

1.6 

, 23 

,5.8 

156 

19 


2:00 

102 

1.9 

10.8 

2.0 

23 

5.8 

172 

16 


3:00 

101 

1.5 

11.1 

1.6 

21 

5.8 

220 



0:00 

101 

1.8 

11.0 

2.6 

19 

5.1 

216 

8 


7:00 

100.4 

2.5 

11.0 

3.3 

20 

5.1 

150 

8 


8:00 

99.0 

3.1 

11.0 

2.8 

19 

5.1 

152 

12 


12:00 

98 

3.9 

11.1 

1.7 

21 

5.1 

123 

11 

it 

1:20 

101 

3.5 

10.6 

2.3 

20 

6.2 

120 

32 


2:00 

104.4 

2.5 

10.6 

2.8 

18 

5.4 

134 

10 


2:30 

104.0 

2.3 

10. G 

2.0 

19 

5.8 

161 

10 


3:30 

105.2 

1.9 

10.8 

2.3 

18 

5.8 

178 

28 


4:15 

103.2 

1.7 

10.9 

O '} 

IS 

5.5 

172 

24 


6:00 

102.5 

1.9 

10.8 

l.S 

29 

5.S 

ICS 

6 


8:15 

100.0 

3.5 

10.8 

1.9 

oo 

5.8 

197- 

S 


9:00 

98.8 

5.4 

11.0 

1.8 

2S 

5.8 

356 

12 

rxi 

0:10 

101.0 

4.7 

11.1 

2.3 

23 

0.2 

324 

14 


0:40 

103.8 

4.G 

11.1 

2.3 

21 

0.G 

132 

4 


1:10 

104.0 

3.8 

11.1 

3.2 

20 

6.5 

138 

4 


1:40 

100.4 

3.2 

11.3 

3.0 

22 

6.2 

340 

16 


2:20 

100.4 

2.4 

11.1 

1.8 

20 

5.5 

163 





105.8 

2.2 

11.1 

2.3 

20 

5.(5 

140 

«... 


5:50 

104.8 

1.5 

10.6 

3.0 

20 

5.5 

14 S 



8:00 

102.0 

2.0 

10.7 

2.3 

29 

5.1 

354 

12 


9:00 

101.0 

3.0 

10.4 

2.3 

29 

5.5 

164 

13 


10:20 

100.0 

4.4 

10.4 

3.2 

2S 

5.1 

149 

13 


13:00 

98.2 

4.7 

10.0 

2.S 

30 

5.4 

372 

32 

IV 

0:10 


3.6 


__ 


0.5 

87 



1:00 

M 

2.9 


~ w 


6.6 

130 




2:00 

■ il 

2.5 

■ I H 

_ „ 



0.5 

108 

_ _ 


3:00 

105.0 

1.9 

9.S 

_ __ 



6.5 




10:00 

100.0 

1.2 

9.1 

__ 



6.7 

176 



18:15 

100.0 

1.7 

9.S 

-- 

— 

0.5 

15S 

— 

V 

0:10 

97.0 

3.8 

10.3 



6.2 

110 



0:35 



3.2 

10.0 




5.7 

323 




1:35 

103.6 

2.5 

10.5 



5.7 

129 




2:35 

104.6 

2.2 

9.4 




5.5 

13S 



3:35 

104.2 

— 

— 

-- 

... 

— 

— 

— 

VI 

0:40 

103.6 

4.3 

9.6 




121 



1:30 

103.0 

2.6 

9.8 




106 




2:30 

104.3 

1.9 

9.8 



6.4 

192 



3:30 

104.0 

1.8 

10.2 




220 



13:30 

100.0 

3.4 

9.8 

— 

— 

— 

132 

— 

VII 

0:30 

103.2 

3.1 

11.5 

4.9 

21 


154 




1:30 

104.0 

3.9 

11.5 

4.8 

20 


134 




2:30 

103.2 

3.0 



4.7 

21 



126 




5:00 

104.6 

2.9 

11.5 

5.2 

21 


15S 

— 


7:00 

103.6 

3.1 

11.4 

5.1 

19 


134 




8:00 

103.4 

2.7 

11.5 


22 



114 



12:30 

105.0 

2.5 

11.6 

4.4 

23 



142 




24:00 

98.0 

4.9 

10.8 

4.9 

21 

-- 

146 

-- - 

VIII 

0:30 

102.6 

3.6 

11.5 

4.6 

22 


110 

32 


1:30 

104.4 

3.2 

11.6 

3.3 

18 


145 

10 


2:30 

104.4 

2.8 

11.4 

3.0 

19 


146 

8 


3:30 

104.2 

2.7 

11.3 

3.0 

21 



330 

5 


4:30 

102.8 

3.1 

11.4 

4.7 

19 



130 

8 


5:30 

103.0 

3.9 

11.4 

4.9 




130 

12 


9:00 

100.0 

4.7 

11.4 

2.0 

17 



120 

8 


11:10 

98.8 

4.4 

11.3 

2.2 

17 

— 

112 

8 
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Table II — Cont’d 











REDUCING 


TIME* 

TEMPER- 

SERUM 

SERUM 

SERUM 

SERUM 

TOTAL 

BLOOD 

SUB- 


( HR. : 

ATURE 

vo t 

ca 

Mg 

K 

PROTEIN' 

GLUCOSE STAXCEt 

CASE 

MIN.) 

(° r .) 

(MO. %) 

(MO. #) 

(MG.#) 

(MO. %) 

(%) 

(MG. %) (MG. < 7c ) 

IX 

0:20 

99.6 

2.7 


0.1 



— 

130 

12 


1:30 

103.0 

1.5 

11.2 

4.5 



— 

126 

11 


2:30 

104.0 

o.s 


2.5 

21 



170 

6 


3:30 

103.6 

1.1 

11.2 

3.2 

39 

— 

152 

9 

t * 


4:30 

102.0 

1.6 

11.1 

2.4 

21 



134 

4 


3 :30 

101.4 

2.4 

11.3 

2.7 

17 



156 

7 


S:00 

99.4 

4.3 

11.3 

3.9 

18 

— 

333 

10 

X 


99.0 

4.5 

9.3 





6.8 

98 



1:00 

102.6 

2.8 

10.3 



— 

6.5 

110 




2:00 

105.6 

2.2 

9.7 




6.0 

13S 




3:00 

105.0 

1.8 

10.5 




6.0 

142 




4:00 

105.2 

3.9 

30.4 




G.O 

158 



6:30 

97.6 

4.2 

10.5 

_ 



6.2 

179 




10:30 

97.6 

3.6 

30.6 

— 

— 

6.9 

1S4 

— 

XI 

1:00 

103.0 

2.5 

30.1 

2.1 

19 

6.8 

132 

„ 


1:15 

105.0 

2.1 

10.3 

1.8 

18 

6.5 

136 




1:40 

104.6 

1.9 

10.3 

3.6 

IS 

6.2 

146 




2:40 

105.0 

1.4 

10.3 

2.3 

17 

5.8 

146 




3:00 

104.0 

1.1 

30.3 

1.9 

19 

5.8 

144 



4:25 

103.2 

1.6 

30.5 

2.4 

16 

5.S 

149 




5:30 

101.4 

3.3 

30.5 

3.9 

24 

6.2 

140 

12 


13:15 

99.6 

4.3 

10.3 

1.9 

26 

6.2 

124 

13 


20:30 

98.0 

3.7 

30.3 

l.S 

IS 

6.2 

113 

13 

XII 

0:10 

97.0 

5.3 

11.1 

5.0 

21 



138 

33 


0:45 

104.2 

3.9 

10.9 

2.7 

22 



139 

10 


1:30 

103.0 

2.8 

10.7 

3.2 

21 



ICO 

7 


2:15 

102.0 

1.9 

10.8 

2.1 

22 

— — 

141 

7 


6:05 

101.0 

3.9 

11.2 

2.4 

22 


130 

8 


6:30 

100.0 

4.4 

11.2 

4.0 

18 


136 

9 


S:45 

99.0 

4.8 

31.0 

3.5 

18 


138 

12 


11:45 

98.0 

5.1 

11.1 

2.1 

18 

— 

320 

7 

XIII 

1:50 

99.6 

1.2 

10.G 

3.0 

17 

5.9 

152 

8 


3:00 

103.4 

3.3 

10.7 

1.4 

16 

5.9 

130 

4 


4:00 

103.0 



10.7 






146 



4:45 

102.4 

3.1 

30.8 

1.6 

19 

5.9 

176 

4 


6:50 

99.4 

4.2 

10.8 

1.0 

IS 

5.9 

196 

2 


17:15 

9S.2 

3.S 

10.8 

2.0 

20 

5.7 

126 

2 

XIV 

0:30 

101.8 

2.1 

10.5 

2.2 

18 

6.0 

168 

20 


2:00 

104.0 

1.5 

10.5 

2.3 

35 

5.8 

190 

37 


3:00 

104.6 

1.1 

10.7 

3.7 

15 

5.5 

170 

12 


4:00 

105.2 

0.9 

10.4 

0.0 


5.1 

370 

14 


7:00 

100.2 

3.4 

11.1 

3.9 

22 

5.5 

220 

18 


20:00 

98.2 

4.1 

10.5 

5.3 

30 

7.2 

220 

14 

XV 

0:20 

104.4 

2.0 

g.s 

1.6 

19 

6.2 

340 

0 


1:30 

105.2 

1.7 

10.8 

3.0 

16 

5.8 

220 

(; 


2:40 

104.6 

1.3 

10.0 

2.0 

17 

5.9 

250 

10 


4:30 

103.8 

1.9 

10.9 

2.7 

16 

53 

236 

g 


5:45 

103.2 

2.9 

30.9 

1.3 

19 

5.9 

196 

2 


i :53 

99.6 

4.1 

10.S 

1.4 

37 

5.9 

212 



9:10 

99.0 

4.9 

30.S 

3.0 

21 

5.9 

ins 



11 :30 

9R.fi 

4.9 

10.5 

1.7 

21 

5.9 

16S 

6 

•Interval following the onset of the chill. ~ — 
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Table m. Blood Creatine and Creatinine Studies During Malarial Paroxysms 




TEMPERA- 

SERUM 

BLOOD 

BLOOD 

BLOOD 

SERUM 


TIME* 

TURK 

ro, 

OLUcosn 

CREATININE 

CREATINE 

PROTEIN 

CASE 

(IIR.IMIN.) 

(°F.) 

(MO. %) 

(MO. %) 

(MG. %) 

(MG. %) 

(7c) 

XVI 

0:10 

99 

2.5 

100 

1.5 

5.7 

5.8 


0:30 

103.8 

2.3 

106 

1.6 

G.O 

5.5 


0:45 

105.6 

2.1 

120 

1.5 

5.2 

G.O 


1:30 

105.0 

2.5 

154 

1.5 

5.7 

5.5 


2:30 

105.3 

1.3 

148 

1.5 

5.5 

5.8 


3:40 

105.0 

O.S 

154 

1.5 

5.0 

5.5 


5:40 

104.3 

1.0 

154 

1.0 

4.9 

5.8 


6:40 

102.3 

1.9 

154 

1.7 

5.0 

6.2 


7:40 

99.8 

3.6 

154 

l.S 

5.3 

5.5 


23:00 

97.0 

3.8 

122 

1.0 

5.3 

0.2 

XVII 

0:10 

99 

2.6 

322 

1.4 

6.6 

0.5 


0:50 

103.6 

2.4 

144 

1.5 

5.7 

6.5 


1:20 

104.6 

1.9 

162 

1.3 

6.3 

5.8 


2:50 

104 

1.7 

178 

1.4 

0.6 

6.0 


5:50 

103 

1.9 

132 

1.4 

5.S 

G.O 


7:20 

102.2 

2.9 

00 

1.4 

5.8 

6.5 


9:30 

104.0 

3.0 

136 

1.4 

5.8 

6.5 


12:00 

101.2 

3.6 

150 

1.5 

0.1 

6.5 


•Interval following the onset of the chill. 


Table IV. Biochemical Studies in Patients With Artificially' Induced Fever 


reducing 



TIME* 

TEMPER- 

SERUM 

SERUM 

SERUM 

SERUM 

TOTAL 

BLOOD 

SUB- 


(HR. : 

ATURE 

P0 4 

ca 

Mg 

K 

PROTEIN 

GLUCOSE STANCEt 

CASE 

MIN.) 

(•f.) 

(MO. 7o) 

(MO. 7c) 

(MO. 7c) 

(MO. 7c) 

(7c) 

(MO. 7c) (MG. 7c) 

I 

0:00 

98.6 

4.5 

9.8 



7.3 

92 



1:00 

102.0 

4.1 

9.0 




7.1 

110 




1:15 

104.0 

3.9 

9.8 




O.S 

12G 



2:35 

104.0 

3.3 

9.6 




0.7 

128 

— 


3:30 

102.0 

2.8 

9.6 



6.7 

140 




3:45 

99.0 

3.2 

9.2 

— 

— 

7.1 

163 

— 

II 

0:00 

97.6 

2.1 

10.4 



7.2 

118 

„ 


1:10 

102.0 

1.5 

10.5 





7.4 

106 




1:45 

103.2 

1.1 

11.0 



7.S 

130 

— - 


3:00 

103.2 

0.7 

11.7 



7.G 

134 




3:45 

99.0 

0.9 

10.6 

-- 

— 

7.2 

134 

-- 

III 


99.4 

3.5 

10.9 



6.5 

109 



0:40 

102.0 

4.1 

10.9 



6.5 

106 




1:35 

104.0 

3.8 

10.9 



6.5 

108 





104.0 

3.7 

10.8 



6.7 

108 

-- 


3:20 

99.2 

3.2 

10.9 

— 

— 

6.5 

102 

— 


0:00 

97.0 

3.7 

10.9 


21 

6.6 

175 

__ 

1:00 

102.0 

3.1 

10.9 


20 

G.G 

170 


1:50 

104.0 

2.5 

10.9 



IS 

6.6 

188 


3:15 

104.2 

2.1 

10.9 


18 

7.1 

197 

— 

3:35 

102.0 

2.2 

11.0 



17 

6.5 

294 


3:45 

98.8 

2.6 

11.0 

— 

18 

6.5 

276 

— 


98.2 

4.1 

10.8 

1.4 

21 

6.3 

120 



102.0 

3.5 

11.0 

1.6 

24 

G.5 

132 

— 

1:10 

105.0 

2.6 

11.5 

2.2 

24 

6.3 

136 

— 


104.7 

1.7 

11.5 

1.8 

21 

6.6 

205 

— 

3:15 

102.0 

1.9 

11.1 

1.2 

19 

6.3 

188 

-- 

3:30 

99.0 

2.2 

11.1 

1.3 

20 

6.3 

176 

— 
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Table r\* — Oont’p 


REDUCING 



TIME' 

TEMPER* 

SERUM 

SERUM 

SERUM 

SERUM 

TOTAL 

BLOOD 

SUB- 


(HR.: 

ATURE 

ro ; 

ca 

US 

K 

PROTEIN’ 

GLUCOSE STANCE f 

CASE 

MIN.) 

(° F .) 

(MG. %) 

( mg . %) 

(MG. %) 

(MG. %) 

(%) 

(MG. %) (MG. %) 

VI 

0:00 

9S.6 

4.4 

10.4 

2.0 

is 


81 

15 


0:55 

102.0 

4.0 

10.1 

2.4 

20 



148 

29 


1:15 

104.4 

3.S 

10.1 

1.8 

22 



130 

11 


2:15 

104.7 

3.3 

10.7 

3.S 

19 



13S 

11 


3:30 

102.2 

4.1 

10.7 

1.9 

19 

, 

146 

15 


3:45 

98.0 

3.6 

10.5 

l.S 

19 

— 

154 

11 

VII 


97.0 

4.9 

11.1 

3.6 



150 

6 


Bn 

102.0 

4.0 

11.0 

2.3 

21 



120 

14 



104.2 

3.4 

11.3 

2.0 

23 



123 

3 



104.3 

2.6 

11.2 

1.6 

22 



166 

5 


3:45 

102.0 

2.6 

11.1 

1.9 

21 



166 

4 



99.6 

2.8 

11.1 

1.7 

20 

— 

149 

4 

vm 

0:00 

97.6 

3.9 

9.9 

2.6 



98 

23 


0:45 

100.0 

4.1 

9.5 

1.5 




112 

14 


1:00 

102.0 

3.4 

9.6 

2.7 





112 

10 


1 :45 

106.0 

2.7 

9.6 

2.6 




124 

20 


3:45 

106.0 

1.8 

9.8 

3.6 




126 

14 


5:45 

106.0 

2.2 

10.0 

4.0 




128 

29 


6:15 

104.0 

2.5 

10.5 

5.5 




138 

24 


6:30 

102.0 

2.9 

10.2 

4.0 




128 

16 


7:00 

100.0 

4.7 

10.1 

4.0 

— — 


116 

10 


8:05 

99.2 

4.9 

10.5 

4.0 

— 

— 

112 

6 

IX 

0:00 

98.2 

5.0 

9.0 

4.2 

21 

6.2 

120 

10 


0:25 

100.0 

4.7 

10.2 

2.S 

18 

6.2 

122 

15 


0:50 

102.0 

3.9 

10.2 

1.7 

17 

6.1 

126 

8 


1:00 

104.0 

3.6 

10.2 

2.0 

20 

6.5 

131 

12 


1:20 

106.0 

3.1 

10.3 

1.9 

20 

6.5 

131 

12 


2:20 

106.0 

3.3 

10.4 

1.8 

IS 

6.3 

132 

IS 


3:20 

106.4 

3.2 

10.0 

2.2 



6.5 

139 

8 


4:20 

106.2 

3.4 

9.5 

1.9 

18 

6.6 

156 

10 


5:20 

105.3 

3.6 

9.3 

2.5 

16 

6.6 

153 

16 


5:40 

102.0 

4.1 

10.3 

1.8 

16 

6.1 

156 

11 


6:10 

100.2 

4.6 

10.0 

2.4 

17 

5.8 

138 

14 

X 

0:10 

98.4 

2.9 

10.5 

2.S 

33 

7.2 

214 

30 


0:30 

100.0 

2.6 

10.5 

- 3.8 

31 

7.2 

123 

10 


0:40 

102.0 

2.2 

10.3 

4.1 

32 

7.0 

144 

14 


1:15 

104.0 

1.9 

10.5 





6.9 

134 

10 


1:40 

106.0 

2.2 

10.6 

2.3 

34 

6.8 

198 

TO 


3:40 

5:40 

0:05 

6:12 

6:40 

7:10 


106.0 

106.0 

104.0 

102.0 

100.0 

99.6 


1.9 

1.7 

2.1 

2.3 

3.0 

3.S 


10.6 

10.5 
10.7 
10.7 

10.6 

10.7 


3.9 

4.7 

3.7 
3.0 

5.7 
4.4 


36 

33 

31 


33 


6.8 

6.9 

7.5 

7.5 

7~2 


132 

200 

192 

198 

184 

173 


6 

10 

8 

11 

21 

10 


* Interval following: the onset of the chill. 

mUlisramf'pe^^en? of SU E mrose. e the bI °° d ° ther tban glucose: results 


expressed in terms of 
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RESULTS 

Group A . — In fifteen of the sixteen paroxysms studied in this group the 
serum phosphorus level fell below the limit of normal (3.0 mg. per cent). The 
average minimum level attained was 1.9 mg. per cent with a range from 1.0 
to 2.9 mg. per cent. The reduction in serum phosphorus was found to be pro- 
gressive and minimum levels were not reached until some time after the inception 
of the rigor (Table I). 

Group B . — As shown in Tables II and III, hypophosphatemia occurred in 
all seventeen of these patients. The average minimum level reached was 1.0 mg. 
per cent with a range from 0.8 to 2.7 mg. per cent. Among fourteen cases in 
which phosphorus levels were analyzed very early in the chill before a significant 
fall had occurred, the total diminution in this mineral averaged 51 per cent 
of the original level (range 19 to 71 per cent). 

As surmised, it was found that the development of hypophosphatemia was 
progressive, commencing at the time of the temperature rise with the minimum 
level occurring after about three or four hours. Here, however, the range was 
wide (two to twelve hours). If the fever and scrum phosphorus levels were 
plotted graphically (Pigs. 1A and IB), however, it was apparent that there was 
an inverse relationship between the two, the latter attaining its lowest level 
at about the time of the fever peak. Thereafter, however, the hypophosphatemia 
disappeared fairly rapidly despite a continued elevation or even a secondary 
rise in temperature. Normal blood levels were restored before the fever had 
wholly subsided. 

Of the other blood constituents studied only glucose exhibited a consistent 
relationship to the changes previously noted. Since the metabolic insult of the 
parasitemia preceded the inception of rigor, none of the patients could be con- 
sidered to be in a basal state. It was not possible, therefore, to establish a 
basal take-off point in this group. Nevertheless, all of the patients exhibited an 
elevation of blood glucose as the febrile episode proceeded. There was an ob- 
vious tendency for the glucose level to rise parallel with the fever, but this rise 
continued for a number of hours after the pyrexia had arrived at its peak and 
had begun to subside (Figs. 1A and IB). The maximum blood sugar levels at- 
tained averaged 1S4 mg. per cent with a range of 13S to 250 mg. per cent. 
Seven cases showed values exceeding the average. From twelve of these patients 
urine samples were procured during and after the paroxysm, and despite the 
fact that in seven of them the usual renal threshold level of ISO mg. per cent 
was exceeded no glycosuria was detected. 

In ten of the cases fractionation of blood-reducing substance was carried 
out. Some variation of the nonglucose fraction occurred but was inadeqaute 
in amount to account for the rise in total reducing substance. It was apparent, 
therefore, that the blood sugar rise observed was almost wholly the result of 
increase in glucose. 

Despite the very significant variation in the concentration of serum phos- 
phorus, the calcium levels remained relatively unchanged throughout the 
paroxysm. At times mild hypocalcemia was noted in the earlier cases sub- 
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jeeted to preliminary studies, but in none of tbe rigidly selected individuals was 
this noted. The variation in values from the inception to the termination of the 
episodes was a fraction of a milligram. 

Serum potassium evaluations were earned out in eleven instances. Al- 
though variation did appear the values generally remained within the limits of 
normal {IS to 22 mg. per cent) . In two cases a potassium rise to 30 and 32 mg. 
per cent, respectivelj', occurred during the period of temperature fall, but this 
phenomenon was not observed in the remaining nine patients. 

The value of serum magnesium was determined serially in eleven patients. 
As with the serum potassium, such variations as were observed were usually con- 
fined within the limits of normal (1 to 3 mg. per cent). In some instances nor- 
mal values were exceeded but there was no consistent relationship to the fever 
or other metabolites. 

In ten eases total protein estimations were made. In two of these patients 
the protein remained unchanged. In the remaining eight an average fall of 
0.8 Gm. occurred during the paroxysm (0.4 to 1.5 Gm.). In most instances a 
rising trend or a return to pre-existing values had appeared at the termination 
of the study. 

In two eases blood creatine and creatinine determinations were performed. 
With the latter the greatest change was 0.3 mg. per cent, while with the former 
there was a reduction of 1 mg. at some time during the temperature rise. This 
alteration of about 17 per cent was transitory and values of blood creatine re- 
mained within the limits of normal (Table III). 

Group C . — The chemical studies carried out in this group were identical 
with those in Group B. The results, likewise, were somewhat similar. Among 
these patients the serum phosphorus levels exhibited a progressive fall as the 
fever curve rose (Figs. 2 A and 25), although the degree of change was not quite 
as great. The minimum phosphorus levels ranged from 0.7 to 3.3 mg. per cent, 
the average being 2.3 mg. per cent. The average fall from the pretreatment 
level was 41 per cent and the range from 9 to 67 per cent. It appeared that 
the minimal level was reached somewhat more rapidly than in those cases with 
malarial pyrexia (Figs. 2 A and 25), the average time being two or three hours 
after the induction of fever. However, the return to within normal phosphorus 
limits was more rapid than in the patients with malarial fever. Despite the 
greater rapidity of phosphorus fall in this group, the rate of temperature rise 
was greater so that minimum phosphorus levels occurred with a lag of one or 
two hours after the temperature had reached its peak. 


Although these patients were all in a fasting state at the onset of the fever 
therapy, many showed an elevated blood sugar in the initial pretreatment sample 
This may have been on a psychomotor basis as many of the patients manifested 
apprehension onjntering the fever cabinet. One patient with a fasting blood 
sugar level of 175 mg. per cent showed a subsequent rise to 294 mg. per cent 
when the body temperature was elevated. Later investigation revealed that this 
patient suffered from a previously unsuspected diabetes mellitus. Of the re- 
gaining nine patients all but one showed a hyperglycemia similar to that ob" 
,aala ™ 1 •<* sugar rough],- approval, mr 
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the slope of the fever curve. As in the malarial group, the rise continued and 
the elevation persisted for a considerable period after the temperature had re- 
turned to normal. 

Exclusive of the patient with diabetes (Case IV) and the patient showing no 
change in blood sugar (Case III), the range of maximum levels attained was 
134 to 205 mg. per cent and the average was 2G5 mg. per cent. Four individuals 
from whom urine samples were obtained exhibited no glycosuria. In two of 
these the blood sugar level had exceeded 180 mg. per cent. 

The blood from five of these patients was analyzed for nonglueose-reducing 
substance and, as noted previously, such variation as occurred was inadequate to 
account for the rise in total reducing substance. The latter therefore consisted 
in the main of glucose. 

Alterations in serum calcium and serum magnesium were of the order 
previously noted in the malarial studies. The amount and kind of variation was 
such as to preclude importance in the metabolic processes involved. Although 
one patient with paresis (Case X) showed a persistent elevation of serum potas- 
sium throughout the entire study, the fluctuation in the amount of this element 
in the other cases was considered insignificant. The total serum protein estima- 
tions, likewise, were of little moment. In one case there was no change, in four 
cases an increase of 0.4 to 0.6 Gm. per cent was noted, and in two eases there 
was a fall of 0.4 to 0.6 Gm. per cent. 

DISCUSSION 

A reduction in scrum inorganic phosphorus was observed initially in a group 
of patients with malaria. The phenomenon subsequently was shown to begin 
toward the end of a chill when the rise in temperature was initiated and to de- 
cline to the minimum point when the fever hod attained its peak. Thereafter, 
the phosphorus values returned rapidly to normal limits often -without the 
reciprocal relationship to the temperature curve originally shown. The occur- 
rence of hypophosphatemia in association with the malarial paroxysm had been 
noted earlier by Payne. 0 A similar reduction in phosphorus observed by us in 
a series of patients receiving artificial fever therapy paralleled those recorded 
previously by other investigators.' 1 ’ G > ,0, -*■ 50 

In seeking an explanation for the hypophosphatemia, blood glucose de- 
terminations were made at comparable periods. From these studies it became 
apparent that the fall in serum phosphorus was attended by a rise in glucose 
in a manner which suggested an inverse relationship between the two. It ap- 
peared on the basis of chronological observations that the blood sugar rise oc- 
curred fairly promptly in the episode, often manifested in the initial samples 
procured, Ketum to normal values was prolonged as compared to the serum 
phosphorus. In many instances initial sugar values had not been re-established 
when the temperature reached normal. Similar observations were made during 
the induced febrile state. In many instances a secondary rise in temperature 
was attended by a further elevation in the blood sugar. However, there was no 
concomitant secondary reduction in serum phosphorus, the latter continuing 
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to approach, the original normal levels without deviation. We have no explana- 
tion to offer for this paradox. 

It was thought that the hyperglycemia thus produced resulted from an ac- 
celeration of metaholism 8 ' 25 > 28 and the simultaneously increased muscular tonus.® 
It was suspected that the hypophosphatemia was linked with increased glucose 
utilization, a possibility further sustained by the reduction of serum phosphorus 
observed following the ingestion of glucose and/or the administration of in- 
sulin . 2 "' 31 

It was postulated that the period characterized by the hypophosphatemia 
was associated with the process of phosphorylation. Glyeogenolysis and glyco- 
genesis occurring in the course of the febrile paroxysm probably were accom- 
panied by the fonnation of hexosephosphate and the deposition of the latter 
in the blood and tissues . 32 The transient linkage of phosphorus with the carbo- 
hydrate component presumably resulted in hypophosphatemia. At the conclu- 
sion of the episode, the dissociation of hexosephosphate permitted the mobiliza- 
tion of phosphorus, the replenishing of inorganic phosphorus, and the con- 
comitant rise of seram phosphorus to its prefebrile level. The hexose, it would 
seem, was reconverted thereafter to glycogen and deposited in the tissues or was 
decomposed further and excreted. 

Some substantiation of this thesis is found in the report of Cori and Cori 33 
who noted an increased amount of hexosephosphate in muscle during muscular 
activity and a disappearance of this compound when activity ceased. Of parallel 
interest was the recorded fall of blood sugar in diabetics following the parenteral 
administration of sodium phosphate 34 

On the other hand, Payne 9 attributed the fall in serum phosphorus during 
induced malarial episodes primarily to the formation of phosphocreatine. This 
report was encountered after much of the present study was completed, but we 
were able to carry out similar estimations of creatine and creatinine values in 
two cases during spontaneous malarial chills (Table III). Blood samples were 
collected in these eases at frequent intervals after the onset of the chills, through- 
out the febrile course, and until the patients had become afebrile. We were 
unable to confirm Payne’s observations of significant elevations in blood creatine 
at the time of the temperature rise. It is interesting that he had been unable to 
demonstrate any hyperglycemia during or following the paroxysm. 

Although such urine phosphorus examinations as were carried out in our 
studies were crude, there is ample evidence in the literature attesting to the 
fact that loss of phosphorus does not occur through this medium during the 
febrile paroxysm . 4 - s - 9 Bischoff and associates 4 ' 5 attributed the hypophosphatemia 
and concomitant hyperglycemia encountered in experimental hyperthermia 
to the conversion of inorganic phosphorus to the organic state. Daly and Knud- 
son , 24 however, were disinclined to accept this explanation since they noted 
diminution of hotli organic and inorganic phosphorus. 

The hyperglycemia in artificial fever was considered bv Heneh and 
Slocumb 35 to be due to bemoeoneentration. This thesis obviouslv is not correct 
m view of the concomitant hypophosphatemia and hyperglycemia and the evi- 
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denee of mild liemodilution shown by the diminished total protein values (Tables 
II to IV). Petersen 11 observed a diminution of blood sugar during the period 
of temperature rise in malaria with an elevation after the temperature had 
fallen. This discrepancy remains unexplained since it occurred in not a single 
one of the cases we observed. Kirstein and Bromberg 10 collected blood samples 
before induction and after subsidence of artificial fever. They studied no 
samples during the febrile period but recorded both increased glucose and dimin- 
ished phosphorus after the hyperthermia. These authors considered the ele- 
vated sugar as evidence of increased glucose utilization by the tissues and also 
as basis for the serum phosphorus depletion. It seems reasonable to assume that 
results of a higher order of magnitude would have been obtained by Kirstein 
and Bromberg had they procured samples during the period of actual pyrexia. 

Penn , 30 reviewing the literature on potassium metabolism, remarked on 
the diminution of vascular tonus concomitant with a progressive loss of potas- 
sium and a rise in sodium during muscular activity. In our own studies of 
the serum potassium it did not appear that the level of this substance reflected 
the increased muscular activity during the rigor. For the most part the serum 
potassium varied only within normal limits. A few of the patients with 
malaria (Table II), as previously noted, showed an abrupt rise during the 
subsidence of the fever. One patient with paresis exhibited an inordinately 
high potassium level before fever was induced; this was not modified by the 
hyperpyrexia. None of these observations lend themselves to satisfactory ex- 
planation. A gradual elevation of serum potassium in malaria was reported by 
Zwemer and co-workers 37 and Stevenson , 38 the peak of rise being attained at 
the onset of the chill with a subsequent return to normal thereafter. Honaga 13 
observed an increase of potassium in the blood at the height of the fever in sev- 
eral pathologic states with a return to normal during convalescence. On the 
basis of our own observations it did not appear that conclusions regarding the 
role of this electrolyte in fever were warranted. 

The inverse relationship of serum magnesium to calcium and phosphorus 
and its action on the neuromuscular system 30 '” led to investigation of its varia- 
tions in the febrile state. In both the spontaneous and induced fevers such 
variations as appeared, exhibited no consistent pattern. Peters and Van Slyke 42 
have recognized this variability but were unable to offer an explanation for it. 
It is possible, as they suggested, that the methods for analysis used were suf- 
ficiently crude to permit sueh inconsistency. The magnesium values as we have 
observed them appear unrelated to the changes noted in other metabolites. For 
the most part their ranges were within normal limits. 

Utilizing the amount of the total protein as an index of hydremia, it ap- 
peared that there was indeed some liemodilution of minor degree during the 
malarial paroxysm since the values of this substance fell rather uniformly at 
the febrile fastigium and rose again when the fever had subsided. Similar 
changes, however, were not noted in the patients with artificial fever. Certainly, 
there was no indication that the hyperglycemia noted was attributable to hemo- 
concentration as suggested by Simpson 43 and Hench and Slocumb . 35 
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Studies upon other constituents of the blood revealed only incidental in- 
formation. Determinations of the nouglueose-redncing substances concomitantly 
with the total blood-reducing substances showed that the rise in the latter was 
indeed the result of glucose per se and not one of the other associated compounds 
(ascorbic acid, cysteine, glutathione, uric acid). There was a remarkable con- 
stancy of serum calcium values which remained almost wholly unchanged 
throughout the febrile episode. 

Studies with the cephalin-cholesterol flocculation 14 and thymol turbidity 13 
tests were carried out simultaneously with those previously recorded. As had 
been noted previously, 1S ' 1S the former were often positive in malaria. We ob- 
tained negative results in the artificial fever group. It is of interest to record 
that many of the patients with malaria showed positive flocculation and turbid- 
ity tests before and during the paroxysm. Others, however, showed a positive 
cephalin flocculation during the febrile period, the tests becoming negative 
when the temperature became normal. In these eases the thymol turbidity tests 
were negative throughout. The results of this phase of the study will be reported 
in detail subsequently in conjunction with a larger series of eases of miscel- 
laneous nature. 19 

SUMMARY 

1. Preliminary studies on patients with malarial fever (eighteen eases) 
revealed the development of transient hypophosphatemia during the febrile 
paroxysm. 

2. Serum inorganic phosphorus, calcium, magnesium, potassium, serum 
protein, blood glucose, and nonglucose-reducing substance were determined at 
various internals during the febrile episodes in patients with benign tertian 
malaria (seventeen cases). 

3. Similar studies were carried out on patients with artificial fever therapy 
(ten cases). 

4. There was a marked fall in serum phosphorus attended by a significant 
rise of the blood glucose in all patients with malaria and in the majority of 
fever therapy cases so studied. 

5. It was believed that the formation and deposition of hexosephosphate 
in the tissues was the basis for the hypophosphatemia. 

6. Hyperglycemia appeared early in fever and was subsequently followed 
by diminution in inorganic serum phosphorus. 

7. No significant alterations were observed in the serum calcium, potassium, 
magnesium, creatine, or creatinine. 

8. The serum protein showed a slight fall during the malarial fever but 
remained unchanged in artificial fever. 


The authors wish to acknowledge the assistance of the following individuals, whose 
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NORMAL SEDIMENTATION RATES IN ACTIVE 
PULMONARY TUBERCULOSIS 

A Study of 1,066 Cases in a Naval Tuberculosis Center 

Theodore II. Noehren, M.D. 

Rochester, N. Y. 


E RYTHROCYTE sedimentation tests tong have been of value in determin- 
ing the activity of tuberculous lesions. Like many diagnostic aids, how- 
ever, the test has been abused and misinterpretations occasionally have caused 
loss of faith 1 in a worth-while procedure. Recent experience in a large naval 
tuberculosis center (Sampson Naval Hospital) has provided opportunity to ob- 
serve the use and abuse of sedimentation rates for the diagnosis and evaluation 
of pulmonary tuberculosis. 

Patients admitted to this center offered an unusually good clinical history 
of the infection. Each man in the Navy carries with him a so-called health 
record in which is entered full reports of any medical attention tendered him 
while in service. Thus, each patient brought with him a fairly complete medical 
history containing reports of previous medical studies, x-rays, and laboratory 
procedures. 

In a rather alarming number it was seen that men with active lesions had 
been under observation at a recent date because of their pulmonary infiltration. 
Studies during the previous admissions resulted in the diagnosis of inactive 
disease with consequent “back to duty” discharge. The men often returned 
later, however, with more advanced lesions. A study of such records indicates 
the continuation of a fairly widespread belief that active tuberculosis always will 
be reflected by an increased sedimentation rate. 2 * 3 

On the basis of the foregoing considerations, a study was made of 1,066 pa- 
tients with active pulmonary disease admitted to the Sampson Naval Hospital 
between January, 1945, and March, 1946. They were all essentially new patients 
never having been treated previously for tuberculosis except at the activity 
which forewarded them to the tuberculosis center. In some instances bed rest 
of varying degrees and duration had preceded their admission, but this did not 
prevent their inclusion in the study if other findings indicated currently active 
pulmonary tuberculosis. 

The sedimentation rate of each patient was determined within the first few 
days after admisssion by the Cutler procedure. 0 Normal limits of sedimenta- 
tion in one hour by this method are 2 to S mm. for men and 2 to 10 mm. for 
women. No correction is necessary for hematocrit values. 3 ' 7 ’ 8 The Cutler 
method has been found to compare favorably with other sedimentation pro- 
cedures. 9 ’ 10 


This article has been released for publication by the Division of Publications of the Bu- 
reau of Medicine and Surgery of the United States Navy. The opinions and views set forth are 
thoseof the writer and are not to be construed as reflecting the policies of the Navy Depart- 
ment. 

Beceived for publication, Dec. 20, 1940. 
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From the group of 1,066 cases, patients were selected in whom the diagnosis 
of active pulmonary tuberculosis was relatively certain. The criteria for this 
diagnosis were as follows: (1) an active pulmonary lesion by x-ray examination ; 
(2) the presence of tubercle bacilli on three separate occasions in the sputum 
and/or gastric washings by smear and/or culture; and (3) no evidence of 
pleural fluid, pneumothorax, thoracoplasty, and no tuberculosis or other disease 
elsewhere in the body. 

There were 300 cases meeting these qualifications. Of these, 61 (or 20.3 per 
cent) had sedimentation rates within the normal range (Table I). 


Table I 



GROUPS 

number of 

CASES 

NUMBER OF CASES WITH 
NORMAL SEDIMENTA- 
TION RATE 

PER CENT OF CASES 

with normal sedi- 
mentation RATE 


i 

(a) and (b) 

500 

ai 

20.6 


II 

(a) and (e) 

240 

126 

52.5 


I and II 

540 

1ST 

34.6 


III 

(a) and (d) 

so 

42 

52.5 


I, II. and HI 

620 

229 

36.9 


(a) Active pulmonary lesion by x-ray examination frith no evidence of tuberculosis or 
other disease elsewhere in the body. 

(b) Tubercle bacilli in the sputum and/or gastric washings by sniear and/or culture on 
three occasions. 

<c) Tubercle bacilli in the sputum and/or gastric washings by smear and/or culture on 
one or tico occasions. 

(d) No positive bacteriologic findings but definite cavitation by x-ray examination. 

A second group was then selected in which all the previously mentioned 
criteria were fulfilled, except that a positive smear and/or culture of sputum 
and/or gastric washings was found on only one or two occasions. There were 
240 cases meeting these qualifications, making a total, with the first group, of 540 
cases. Of these, 187 (or 34.6 per cent) had sedimentation rates within the 
normal range. 

Finally, a group of cases was added in which all these criteria were fulfilled, 
except that no positive bacteriologic findings were recorded. Instead, these 
patients had definite cavitation as determined by the roentgenologist, mostly on 
stereoscopic examinations. Cases in which cavitation was only suspected were 
not included. 

The final group of SO, when added to the first two groups, made a total of 
620 cases. Of all these, 229 (or 36.9 per cent) had sedimentation rates within 
the normal range. 

The remaining 446 cases were complicated by pleural effusion, pneumothorax, 
questionable x-ray shadows, or lack of positive bacteriology. No unchallenged 
conclusions could be drawn from sedimentation rates in this group. 

DISCUSSION 

The incidence of normal sedimentation rates in active pulmonary tubercu- 
losis in this series is strikingly large and might be difficult to accept if other 
examiners had not reported comparable results. 
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Thiele 11 has found Ihat 25 per cent of open tuberculosis, S5 per cent of the cir- 
rhotic type, 68.3 per cent of the cirrhotic-productive type, 42.3 per cent of the 
productive type, and 47 per cent of the cavernous type of tuberculosis have nor- 
mal sedimentation rates. Leitner 12 reported normal values in 32.1 per cent, 
Pinner 13 in 40 per cent, and Bobrowitz 14 45 per cent normal sedimentation rates 
in minimal active cases. Overholt and Wilson 15 state categorically that “the 
vast majority of early lesions reflect no change in sedimentation rates.” 

Berg 10 has reported eighteen cases, Banyai and Caldwell 17 one hundred 
and eleven, Tillisch 18 nineteen, and Breuhaus 10 seven instances of normal 
sedimentation rates with active disease, the last in the face of advancing cavita- 
tion. Banyai and Anderson 20 stated that 7.35 per cent of cases with active 
tuberculosis had normal sedimentation rates, Sopp 21 that 6.6 per cent of dis- 
pensary patients, and Rest 22 that nearly one-quarter of demonstrable cases gave 
similar readings over a long period of time. 

Pessar and Hurst 23 reported that 18 per cent of men and 12 per cent of 
women with active tuberculosis gave lower than expected values. Be Ceeio 
and Elwood® found that in 224 patients admitted to the center until normal sedi- 
mentation rates, 61 per cent had active disease. 

Several factors might ho considered to explain the relatively high propor- 
tion of normal sedimentation rates in patients at the tuberculosis center. Many 
of these men were found to have roentgenologic evidence of tuberculosis on 
routine discharge examination and therefore were hospitalized with few or no 
symptoms of the disease. Also, the short previous hospitalization (average 
estimated at seven weeks) before admission to the Sampson Naval Hospital may 
have allowed the secondary inflammatory reactions to subside. Some observers 
believe that secondary reactions are chiefly responsible for the elevation of the 
sedimentation rate. 

It seems logical to postulate that, as tuberculosis case-finding programs are 
expanded and more patients are found before the onset of secondary reactions 
with symptoms, normal sedimentation rates may also be found more frequently. 

A study of active cases at the center according to the degree of anatomic 
involvement (by National Tuberculosis Association standards, 24 is interesting. 
In the first group of 300 relatively certain cases of active pulmonary disease, 
20.9 per cent were classified as minimal, 55 per cent moderatel 3 r advanced, and 
24.1 per cent far advanced. Of the cases with normal sedimentation rates 
in that group, 44.4 per cent were minimal, 48.2 per cent moderately ad- 
vanced, and 7.4 per cent far advanced. In this last 7.4 per cent was in- 
cluded one patient with advancing miliary disease who had a repeatedly normal 
sedimentation rate. 

In these three classifications the anatomic involvement was roughly paral- 
leled by the sedimentation rates, as has been found by others including Levinson 25 
and Wrenn. 20 The average values of the 300 “relatively certain” cases are 
plotted according to their classification in Fig. 1. It is obvious, however, from 
the large proportion of normal sedimentation values in all three groups, that 
this parallel is not of accurate diagnostic value. 
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The laboratory procedures in this study were done at the Sampson Naval 
Hospital by Navy-trained technicians. The demobilization program with its re- 
sultant personnel changes was in effect during part of this study. Thus, these 
results must be considered an evaluation of the sedimentation rates in tuber- 
culosis primarily as found in this hospital. 

A few of the bacteriologic studies on these cases have been included from 
other naval laboratories. Re-evaluation of percentages, excluding studies done 
elsewhere, gives no essential change in the results. 



Eig". 1. Sedimentation rates of 300 "relatively certain" cases of pulmonarv tuberculosis averaged 

according to anatomic involvement. 


CONCLUSION 


Tuberculosis per se does not always cause an elevated sedimentation rate, 
according to the conditions and procedure of this study. However, it cannot 
be denied that the test continues to he of distinct value in analyzing infections 
processes, and tuberculosis is an infectious process. The sedimentation rate can 
continue to he extremely valuable on that basis, but on that basis only. 

Except for the pathology and bacteriology of tuberculosis, onr entire ap- 
proach to the disease is indirect. The treatment is indirect and not specific. 
Diagnosis of the infection is also largely indirect. X-rays, after all, are onlv 
shadows which frequently can he misleading and often are misinterpreted and 
of value to a large extent from a comparative standpoint. We merely use them 
with these reservations as clearly in mind as possible. 


The same can he said for the sedimentation test. It can, and continues to 
he, of help m tuberculosis until something specific, analogous to agglutination 
tests for other diseases, can he found. Until that time it must be" used saga- 
ciously, with all its limitations in mind. 
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It lias been said® of the sedimentation test that it will not make a good 
physician from a poor one, but it will make a good one better. In tuberculosis, 
the physician, not the test, must make the diagnosis and determine the status 
of its pathology. 

SUMMARY 

1. A study of sedimentation rales in 1,0GG cases of active pulmonary 
tuberculosis is presented. 

2. Normal sedimentation rates were found in 20.S, 34.G, or 3G.9 per cent of 
active eases, depending upon the criteria used to determine activity of the dis- 
ease. This is in agreement with reports from other sources. 

3. The sedimentation curve values roughly, but not uniformly, according to 
the degree of anatomic involvement by the disease. 

4. Tuberculosis per se does not always cause an elevated sedimentation 
rate. The test, however, continues to lie of value in this disease if used with 
careful regard for its limitations. 
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EFFECT OF 3,3' METHYLENEBIS (4 IIYDEOXYCOUMARIN) ON 
VITAMIN A DEFICIENT DUCKS 


R. II. Ricnox and Nona B. Vahnadoe ✓ 

Little Rock, Ark. 

T HE experimental observations of Waldo and associates 1 indicate that 
dicumarol® in large doses may have a toxic action on certain animals prior 
to the onset of hypoprothrombinemia. Several studies have shown that hypo- 
prothrombincmia resulting from dicumarol re(|iiires a latent period of approxi- 
mately twenty-four hours. 2 * 1 Some dogs given very large doses of this drug 
become dyspneic, have convulsions, and arc comatose preceding death. No 
hemorrhagic manifestations occurred during life nor were hemorrhages found 
at autopsy in these dogs. 5 Dogs given intravenously 40 to 00 mg. of dicumarol 
per kilogram of body weight usually died within an hour without showing any 
changes in either the prothrombin or the coagulation times. 1 

Richards and Cortell® in 1942 observed that guinea pigs depleted of vita- 
min C succumb earlier to the effects of dicumarol. They said that “a connec- 
tion between vitamin C level and sensitivity to dicumarol must be considered 
possible.” Persons dying from infections may have a low vitamin A content 
in the liver. 7 " 9 Apparently the mechanism of lowered resistance to infection 
in vitamin A deficiency is not well understood. Susceptibility may not be di- 
rectly related to the deficiency, since some individuals show a normal amount 
of vitamin A in the presence of disease. Besscy and Wolback 10 have called 
attention to the fact that “during a prolonged deficiency, the reserve (of vita- 
min A) is gradually depleted, normal cell functions arc suspended, and patho- 
logic change develops.” 

During recent studies on malaria in ducks it was observed that- normal 
ducklings frequently died within three or four hours following the oral admin- 
istration of large doses of dicumarol. There was observed also a variation in 
the time of death following the oral administration of dicumarol in ducks fed 
a vitamin A deficient ration when compared with birds fed a standard com- 
mercial ration. These experimental observations are reported at this time. 

METHODS AND MATERIAL 

Duetts used in these studies were white Pekius obtained when 1 day of ago from a 
commercial hatchery. They were kept in small batteries and given food and water ad lib. 
The standard ration was duck Startenu and duck Growcna. The composition of the tow 
vitamin A ration and the standard rations are as follows: 

From the Department of Pathology, University of Arkansas School of Medicine. 

Aided by a grant from the John and Mary R. Markle Foundation and Eli Lilly and Com- 
pany, Indianapolis, Ind. 

Tlie dicumarol was supplied by The Wm. S. Merrell Company, Cincinnati, Ohio. 

The vitamin A deficiency ration was supplied by the Ralston Purina Mills, St. Louis. Mo., 
through the courtesy of Dr. Homer Patrick. 

Research paper No. SS5, Journal Series, University of Arkansas. 

Received for publication, Dec. 21, 1940. 

•Dicumarol is the collective trade-mark of the Wisconsin Alumni Research Foundation 
and is used for 3,3' methylenebis (4 hydroxycoumarin). 
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3,3'methylenebis and vitamin a deficient ducks 

LOW VITAMIN A DUCK RATION 

Mineralized salt 
Puriflave (250) 

Calcium carbonate 
Soybean oil meal 
IV heat germ 
Fish meal (00%) 

Meat scraps 
Brewers’ yeast 
Ground wheat 
White com 
Ground oats 
Molasses 

Do' D (2,000 D) 

Vitamin mixture (milligram per 100 Gm. ration) 

Thiamin 
Kiboflavin 
Choline 
Folic acid 
Niacin 

Bation I prepared Jan. 2, 1916; II, Jan. 2S, 1946; and III, March 10, 1946. 
The following data are all that are available on the two commercial rations: 

DUCK STARTENA KVriOX 


Crude protein not less than 20.0% 

Crude fat not less than 3.5% 

Crude fiber not more than 6.5% 

Nitrogen-free extract not less than 44.0% 


Ingredients: Com meal, ground oats, wheat bran, alfalfa leaf meal, meat scrap, fish 
meal, soybean oil meal, liver meal, com gluten meal, wheat standard middlings, wheat germ, 
riboflavin supplement, vitamin A and D feeding oils, D activated animal sterol, 2% calcium 
carbonate (limestone), .25% iodized salt, .01% manganese sulfate. 

DUCK GEOWENA RATION 


Crude protein not less than 1S.0% 

Crude fat not less than 3.5% 

Crude fiber not more than 6.0%i 

Nitrogen-free extract not less than 48.0% 


Ingredients: Meat scrap, soybean oil meal, corn gluten meal, fish meal, liver meal, 
ground oats, corn meal, wheat bran, wheat gray middlings, wheat germ, riboflavin supple- 
ment, vitamin A feeding oil, D activated animal sterol, 2% calcium carbonate (limestone), 
.25% iodized salt. .01% mnngane=e sulfate. 

Vitamin A (alplialin*) was used to supplement these rations. The contents of one 
capsule (25,000 units) was dropped into tiie mouth the younger birds and the entire cap- 
sule was given by mouth to ducks over 10 days of age. The vitamin A was given at inter- 
vals of one to three days during the time of the experiment. 

Duchs were selected from the groups at different intervals and their liver was removed 
immediately following decapitation. The tissue was kept frozen until the vitamin A con- 
tent was determined by the antimony trichloride reaction.t 

The dicumarol was given by mouth. The quantity varied; in each experiment, however, 
a group of ducks from one hatching was used and an equal-sized dose of dicumarol was 
given to each bird. The amount is recorded in each experiment. 

The ducks were carefully observed during the time of the experiment for the appear- 
ance of clinical manifestations. The number that died ana the time of death were recorded. 
The average weight of the ducks u=ed in each experiment i« given in Table I 


0.5 

0.5 

200.0 

0.5 

5.0 


0.25 

1.00 

2.00 

3S.00 

5.00 

6.00 

4.00 

5.00 
19.65 
29.00 

5.00 

5.00 

0.1 


•EH Lillj’s preparation of vitamin A.. 

.These tests were made by Dr. Homer Patrick of the Rais! 


;ton Purina Mills. Ft Louis, Mo. 
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Table I. Lethal Effect or Dicumarol on Vitamin A Deficient Ducks 


EX- 

PERI- 

MENT 

NUM- 

BER 

OF 

DUCKS 

IN 

GROUP 

AGE 

IN 

DAYS 

AVER- 

AGE 

WT. 

OF 

GROUP 

(GM.) 

RATION ' 

EXPERIMENTAL MVS — AMOUNT OF 
DICUMAROL 

0 1 2 3 4 5 

0 

A 

0 

15 

300 

Vitamin A deficiency 

501 

75 

100 

50 








Hation II* 

21 

3 

4 

5 





5 

15 

374 

Standard ration 

50 

75 

100 

30 









0 

0 

0 

0 




B 

o 

17 

030 

Vitamin A deficiency 

100 

GO 










Itation II 

1 

1 

1 






0 

17 

477 

Standard ration 

100 

30 











0 

0 

0 





C 

12 

17 

409 

Vitamin A deficiency 

50 

50 

100 

200 

200 







Itation III 

0 

0 

n 

5 

10 

10 

10 


10 

17 

489 

Standard ration 

50 

50 

100 

200 

200 








0 

0 

3 

3 

S 

9 

9 

n 

12 

17 

4G9 

Vitamin A deficiency 

100 

100 

150 

200 

200 







Hation III 

5 

5 

5 

0 

11 

12 

12 


10 

17 

481 

Standard ration 

100 

100 

150 

200 

200 








1 

1 

3 

3 

7 

7 

7 

E 

s 

18 

570 

Standard ration 

100 

150 

150 

150 

150 







Plus vitamin A 

1 

n 

r> 

O 

O 

O 



10 

IS 

500 

Standard ration 

100 

150 

150 

150 

350 








0 

5 

5 

0 

8 

s 

8 

F 

9 

18 

503 

Standard ration 

150 

150 

150 

150 

350 







Plus vitamin A 

3 

3 

3 

«> 

O 

O 

3 

4 


10 

IS 

504 

Standard ration 

150 

150 

150 

150 

150 








8 

S 

8 

S 

S 

S 

s 

G 

4 

28 

1,005 

Vitamin A deficiency 

250 

300 










Hation I 

0 

3 

3 






4 

28 

1,121 

Vitamin A deficiency 

250 

300 










Ration I plus vitamin A 

0 

0 

0 





H 

12 

18 

490 

Vitamin A deficiency 

100 

100 

100 

130 

150 







Hation Til 

1 

1 

o 

5 

8 

s 



12 

IS 

500 

Vitamin A deficiency 

100 

100 

300 

150 

130 







Hation III plus vita- 

1 

1 

1 

1 

10 

10 






min A 









12 

18 

384 

Standard ration 

100 

300 

100 

330 

350 








0 

0 

0 

5 

5 

G 

8 

I 

3 

40 

1,470 

Vitamin A deficiency 

300 

300 










Rations I and II 

0 

1 

o 






3 

40 

1,093 

Vitamin A deficiency 

300 

300 










Rations I and n plus 












vitamin A 

1 

1 

1 






1 

40 

1,085 

Standard ration 

300 

300 











0 

0 

0 






•Composition of different rations is given in body of text. 
tMililgrams of dicumarol given each day is shown as the upper figure. 
tTotal number of deaths is shown ns the lower figure. 


EXPERIMENTAL EFFECT OF DICUMAROL ON DUCKS FED A VITAMIN A DEFICIENT RATION 

A total of 149 ducks, as shown in Table I, were used in these experiments. 
In Experiment A, ten ducks were used, five of which were fed the vitamin A 
deficient ration II and five the standard rations. When 15 days of age these 
birds were given daily 50, 75, 100, and 50 mg. of dicumarol. On the third 
day each of the five birds fed the vitamin A deficient ration was dead; the five 
fed the standard rations had survived. 
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In Experiment B, seven ducks were used, two of which were fed the vita- 
min A deficient ration II and five the standard ration. * 'When 17 days of age 
these ducks were given daily 100 and 50 mg. of dicumarol. On the second dav 
one of the two ducks fed the vitamin A deficient ration was dead ; the five fed 
the standard rations had survived. 

In Experiment C, twenty-two ducks were used, twelve of which were fed 
the vitamin A deficient ration III and ten the standard rations. When 17 
days of age these ducks were given daily 50, 50, 100, 200, and 200 mg. of 
dicumarol. On the third day five from the group of twelve fed the vitamin A 
deficient ration were dead, while only one from the group of ten fed the 
standard rations had died. On the sixth day ten ducks from the group of 
twelve fed the deficient ration were dead; nine were dead from the group of 
ten fed the standard rations. 

In Experiment D, twenty -two ducks were used, twelve of which were fed 
the vitamin A deficient ration III and ten the standard rations. When seven- 
teen days of age these birds were given daily 100, 100, 150, 200, and 200 mg. 
of dicumarol. Six hours following the first dose of dicumarol five ducks from 
the group of twelve fed the deficient ration were dead while only one had died 
in the group fed the standard rations. On the fourth day eleven of the twelve 
ducks fed the deficient ration had died, while seven were dead from the group 
of twelve fed the standard rations. 

In these four experiments, seventeen ducks (54.8 per cent) were dead by 
the third day from the group of thirty-one fed the vitamin A deficient rations. 
Only four (13.3 per cent) were dead from the group of thirty ducks fed the 
standard rations for an equal period. 


EFFECT OF DICUMAROL ON DUCKS GIVEN A HIGH VITAMIN A RATION 


In this experiment, forty-five ducks were used. 

In Experiment E, eight ducks were fed the standard rations supplemented 
with vitamin A, while ten ducks were fed only the standard rations. On the 
eighteenth day these birds were given daily 100, 150, 150, 150, and 150 mg. 
of dicumarol. Six hours following the second dose of dicumarol five of the 
ten ducks fed the standard rations had died, while only two from the group 
of eight fed the standard rations supplemented with vitamin A were dead. 

In Experiment P, nineteen ducks were used, ten of which were fed the 
standard rations, while nine were fed the standard rations supplemented with 
vitamin A. On the eighteenth day of the experiment these ducks were given 
daily 150 mg. of dicumarol for five days. Six hours after the first dose of 
dicumarol was given six of the ten ducks on the standard rations had died, 
while only three from the group of nine on the standard rations supplemented 
with vitamin A were dead. 


In Experiment, G. eight ducks were used, four of which were fed the 
vitamin A deficient ration I and four the same deficient A ration supplemented 
‘ °? thc l' vent >'-righth day of the experiment these birds were 

guen daily ~o0 and. 300 mg. of dicumarol. On the second dav three of the 
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four ducks fed the standard ration were dead; neither of the four birds fed 
the vitamin A deficient ration supplemented with vitamin A died. 

Experiments E and P show that ducks given large amounts of vitamin A 
are more resistant to the acute action of dicumarol than birds of similar age 
fed the standard rations. In the former group seventeen ducks were used and 
in the latter twenty. On the third day five ducks (29.4 per cent) had died 
from the group fed the standard rations supplemented with vitamin A, while 
fourteen (70 per cent) were dead from the group fed only the standard rations. 

EFFECT OF DICUMAROL ON' DUCKS GIVEN' A LARGE, MEDIUM, AN'D LOW QUANTITY OF 

VITAMIN A 

In these experiments a total of forty-three ducks were used. To obtain 
ducks with the smallest amount of vitamin A, the vitamin A deficient rations 
were fed. The standard rations were fed to obtained birds with a medium 
quantity of vitamin A, while those with the largest quantity of vitamin A were 
fed the vitamin A deficient ration III supplemented with large amounts of 
vitamin A. 

In Experiment H, thirty-six ducks were used. Three groups of twelve 
birds each were given one of the three rations as previously stated to obtain 
the three different levels of vitamin A. On the eighteenth day these ducks 
were given daily 100, 100, 100, 150 and 150 mg. of dicumarol. On the third 
day five ducks had died from the group fed the vitamin A deficient ration, five 
were dead from the group fed the standard rations, while only one had died 
from the group of twelve ducks fed the vitamin A deficient ration supplemented 
with vitamin A. 

In Experiment I, seven ducks were used. Three of these ducks were fed 
the vitamin A deficient rations I and IT, three were fed the vitamin A deficient 
rations supplemented with vitamin A, and one duck was fed the standard 
rations. On the fortieth day of the experiment the seven ducks were given 
300 mg. of dicumarol daily for two doses. On the second day two of the three 
ducks fed the vitamin A deficient rations were dead; one of the three birds 
given the vitamin A deficient ration supplemented with vitamin A was dead; 
and the one bird fed the standard rations during this time survived the effects 
of the dicumarol. 

In these two experiments fifteen ducks were fed the vitamin A deficient 
rations and given dicumarol; from this group seven (46.6 per cent) died. 
Fifteen ducks were fed the vitamin A deficient ration supplemented with vita- 
min A and two (13.3 per cent) died. Thirteen ducks were fed the standard 
rations and five (38.4 per cent) were dead by the third day. 

The respiratory rate was greatly increased within two or three hours after 
the larger doses of dicumarol were given. This increase in the respiratory 
rate persisted for two or three hours during which time many of the ducks 
died. The ducks that survived the first large dose of dicumarol showed less 
severe clinical reaction on subsequent days to the same amount of dicumarol. 
The ducks that died appeared to be in satisfactory condition until a few minutes 
before death except for their rapid respiration. During the last few minutes 
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of life these dicumarol-treated ducks usually had one or more convulsions. 
Hemorrhages usually were absent in these ducks that succumb after the second 
and third dose of dicumarol. Some bleeding was present, however, in the tissues 
of the ducks that died on the fifth and sixth days of the experiment. 

VITAMIN A CONTENT OF THE LIVER OF DUCKS 

Samples from the groups of ducks were taken to determine the amount of 
vitamin A present in the liver. On the eighteenth day the liver from two 
ducks fed the vitamin A deficient ration I showed 1.5 and 14.4 TJ.S.P. units 
per gram of liver. This same deficient ration was given two other ducks and 
vitamin A was used to supplement it. The liver from these two ducks showed, 
respectively, 1,360 and 1,520 U.S.P. units per gram of liver. Two ducks -were 
fed the vitamin A ration III and on the eighteenth day the liver from each 
was removed. Neither of these two birds had any vitamin A in the liver. Two 
ducks fed the standard rations for eighteen days had, respectively, 13.8 and 
1S.2 U.S.P. units of vitamin A per gram of liver tissue. The vitamin A deficient 
ration III was supplemented with vitamin A and fed to two ducks for eighteen 
days. One duck had 582 and the second 546 U.S.P. units of vitamin A in the 
liver. 

WEIGHT OF VITAMIN A DEFICIENT DUCKS 

The following is the average weight of groups of ducks fed the vitamin A deficient 
ration III, vitamin A deficient ration ITT supplemented with vitamin A. and the standard 


rations : 



AVERAGE WEIGHT 

DUCKS 

ARE IN DATS 

RATION 

(on.) 

24 

15 

Vitamin A deficient ration 

425 

20 

15 

Standard rations 

442 

12 

IS 

Vitamin A deficient ration 

406 

12 

IS 

Vitamin A deficient ration 
plus vitamin A 

500 

12 

IS 

Standard rations 

584 

2S 

20 

Vitamin A deficient ration 

623 

20 

20 

Vitamin A deficient ration 
plus vitamin A 

516 


Ducks fed the vitamin A deficient rations usually were slightly lighter than 
those kept on the standard rations. The variation in weight of the different 
groups, however, was not very great. 


DISCUSSION 

The observation that ducks fed large amounts of vitamin A are relatively 
resistant to large doses of dicumarol is interesting since vitamin A is stored 
in the liver and dicumarol has been found to produce necrosis in the liver of 
laboratory animals. 1 - 0 Apparently the mechanism has not been established 
for the development of hepatic necrosis following large doses of dicumarol 
This action occurs, however, before the hvpoprothrombinemia. 1 No specific 
pathologic changes have been observed in the liver of ducks given lar^e doses 
of dicumarol for as long as five days. The cause of the acute death in these 
ducks is not known. It has been observed, however, that a 50 per cent decrease 
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may occur in the number of red blood cells within two to four hours following 
the oral administration of large doses of dienmarol. □’lie plasma at this time 
does not show any hemolysis; the decrease in the hematocrit reading seems to 
parallel the decrease in the number of red cells. The carbon dioxide content 
of the plasma is approximately the same as that of normal birds. There is a 
decrease, however, in the carbon dioxide-combining power of the plasma of 
dicumarol-trcated birds . 12 Experimental observations in our laboratory show 
that ducks fed the vitamin A deficient ration show no significant variations 
from the normal in the carbon dioxide content and the combining power of 
their plasma. 

Since the reserve of vitamin A in the liver is low in certain hepatic dis- 
eases, it nmy be advisable to be cautious in the use of dicumarol in the treat- 
ment of such individuals if the experimental results as observed in this study 
should be duplicated in man. Organic and functional changes have been ob- 
served in the liver associated with deficiencies other than vitamin A. In chronic 
vitamin B complex deficiencies functional and fatty changes have been de- 
scribed. 13 ' 14 A decrease occurs in hepatic function when dogs are fed a black 
tongue diet . 15 The recent observations of Brunschwig and associates 15 ’ 17 are 
interesting in that they have shown that both thioglycollic and glycollic acids 
afford a degree of protection against hepatic cell necrosis due to dietary de- 
ficiency and to carbon tetrachloride in the rat. “The results with thioglycollic 
and glycollic acids are of interest since by their use it would appear that the 
lipotropic factor and necrosis protecting factor arc shown not to be necessarily 
identical. ’ 117 

It is obvious that the amounts of dicumarol used in these experiments are 
greatly in excess of those used therapeutically in man; in preliminary experi- 
ments, however, it was ascertained that doses of this magnitude were required 
to obtain the results described. There may be no relation between these ex- 
perimental studies and the reactions which occur in man. However, the observa- 
tion that vitamin A deficient ducks are more susceptible to the lethal effect of 
dicumarol seems of scientific interest. 

SUMMARY 

The susceptibility of ducks to the acute lethal effect of dicumarol is in- 
fluenced by the intake of vitamin A. Birds fed a ration supplemented with 
vitamin A are more resistant to the acute lethal effects of dicumarol than birds 
fed a ration low in vitamin A. The mechanism by which this effect occurs is 
not known. 
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SOME FACTORS AFFECTING THE SUSCEPTIBILITY OF RATS TO 

VARIOUS BARBITURATES 

The Eri’KCT of Age and Sex 

E. Homburger and B. Etsten, Albany, N. Y., and II. E. Himwich, 
Edgewood Arsenal, Md, 

T HE evidence concerning the susceptibility of ruts to pentobarbital sodium 
in regard to age and sex is controversial. Fitch and Tatum, 1 using a dose 
of 75 mg. per kilogram as the L.D. 50 for rats when injected intraperitoneally, 
concluded that there is no appreciable difference in the susceptibility of the 
females and males. But Moir 2 found that the anesthetic responses varied with 
sex and age as growth proceeded: at first, a greater resistance in the female 
was seen; later, this was followed by an equality in the response of the two 
sexes; finally, in the older rats, the male was consistently more resistant. Nich- 
olas and Barron 3 also pointed out that adult females subjected to sodium amytal 
were affected more than males; in addition they observed that immature rats 
require a lower dose of this drug to produce anesthesia than do adult rats. In 
agreement with these workers, Etsten and associates 4 reported that newborn 
rats are more susceptible to pentobarbital than arc adults, while Carmichael 1 
noted that the median lethal dose of pentobarbital is less for old rats weighing 
150 to 325 grams than for young animals weighing 25 to 260 grams. In the 
present investigation an attempt was made to re-examine this question with 
the hope of resolving these contradictions. 


METHODS 


Three different strains of rats were employed: one from our own colony 
(C), another from that of the Department of Anatomy (A), and a third from 
the Rockland Company (R). Unless otherwise indicated in the tables in this 
paper, rats from our colony were used. The females were nonpregnant. All 
rats were kept on adequate diets, but food was withheld fifteen or sixteen hours 
before injecting the drugs, though water was always available.® All barbiturate 
solutions were freshly prepared and were never older than three hours. The 
observations were made at 29° Centigrade. The sex, age, weight, strain of rats, 
rates of injection, and concentration of solutions are presented in the tables. 

The criteria used to estimate whether the anesthesia was deep or light were 
the ear reflex and the posture of the animal. For the ear reflex the response 
of the pinna is tested with a feather cut to a fine point and inserted into tlxe 
ear canal. The postural reaction is indicated by the side position, when the 
i’at cannot assume the normal posture due to loss of the righting reflex. The 
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•The newborn rats were not fasted. Immediately before injection they were taken away 
from their mothers. To prev— ‘ ‘ ’ ' intrapentoneal injection, a sphincter clamp 

was placed on the point of ■ ■ he needle was withdrawn. This clamp was 

taken off after five minutes. of the animals which died did so in ten 10 

thirty minutes. Few deaths occurred after three hours with the doses used, and the newDom 
were returned to their mothers after the three-hour period. 
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absence of tbe ear reflex occurs only during deep surgical anesthesia. The 
interval after the ear reflex has returned, but before the righting reflex is 
restored, measures the period of light anesthesia. 

results and discussion 

It is shown in Table I that rats weighing 50 to 100 grams each (four 
to six weeks old) yield results which vary only within tbe error of 
the method in regard to the influence of sex. In the weight range of 
101 to 200 grams, however, a sharp increase is observed in the duration of 
sleep in the females, an increase which is pronounced even at the low dose 
of 50 mg. per kilogram and which is still more marked with higher doses 
(Fig. 1). At 90 mg. per kilogram, nine of twenty-nine females died, while only 


DURATION - If NOTES 

360 

340 

320 

300 

280 

260 

240 

220 

200 

*so 



30 U0./KG 


MMX 


□ FEWAU 


n 



. . Fi &- l.p- Effect of sex on duration of anesthesia. Comparative durations of side position, 
ijmt is total period of anesthesia, are presented diagrammatically. Female rats remain anes- 
Uiesized for a longer period than male animals, after receiving- an intra peritoneal injection 
or pentobarbital (1 per cent solution). 


two of twenty-seven males succumbed. In the older group of rats weighing 
201 to 350 grams, deaths occur even at 50 mg. per kilogram. At this 'dose, 
eleven of forty-eight males and sixteen of thirty females died. In every instance 
the duration of the narcosis is longer in the female than in the male. "When 
<0 mg. per kilogram was administered to nineteen females in this weight group 
all of them died (Fig. 2). Finally, although injection of the oldest males (351 to 
aOO grams) with 50 mg. per kilogram of pentobarbital resulted in a somewhat 
lower incidence of mortality (thirteen of sixty-three died) than in the eronn of 
males weighing from 201 to 350 grams, the duration of anesthesia was increased 
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by 22 per cent. It would liave been desirable to inject more male rats in the 
weight range of 201 to 350 grams, but they were not plentiful in our colony. 
Fitch and Tat um 1 give 75 mg. per kilogram as the L.D. C0 for pentobarbital. Be- 
cause tlie age and sex of these rats were not stated, we may point to Table I to 
show that this figure may be derived by employing both male and female rats 
weighing from 201 to 350 grams. 



4-6! 50-100 101-200 201-350 351-300 4-6! 50-00 01-200 201*350 4-e! 50400 01-200 201-350 

WEIGHT W CRAMS 

50 Ml/KC 1NTRAPER I TOfiEALLY 70 MS /K5. WTRAPER I TOfEAU-T 90 MS7K0 WTfMPDU TBNEAIAY 

Fig. 2. — Effect of weight and sex on resistance to pentobarbital. Presented in diagram- 
matic form is the survival percentage, that is. resistance of male and female rats to three 
different doses of pentobarbital, namely, 50. 70. and 90 mg. per kilogram. The largest of 
these three doses shows most clearlv that the resistance is lowest in the newborn, reaches a 
maximum sometime while the weight changes from 50 to 100 grams, and then recedes. But 
even with the lower doses the increasing susceptibility of the aged rats is seen. 


Moir 2 observes that in male and female rats weighing about 45 grams each 
there is a slightly greater resistance in the females. This difference becomes 
marked when the female rats weigh 55 grams and the male rats 59 grams. 
This stage of greater female resistance is followed by another in which there 
is no appreciable difference between the two sexes. This period in which both 
sexes respond in the same way takes place while the female rats grow from 63 
to 81 grams and the male from 68 to So grams. After that the relation between 
the male and female is the opposite of the earlier reaction, for the males become 
more resistant. The comparatively diminished female resistance is even further 
impaired when the females weigh 104 grams and the males 113 grams. Thus, 
the similarity between the reactions of the male and female rats weighing from 
50 to 100 grams may be explained by Moir's work as including three periods: 
(1) greater female resistance. (21 no difference between sexes, and (3) greater 
male resistance. 

It is shown in Table II that a difference in susceptibility is observed even 
among newborn rats if they are grouped according to weight. The larger and 
more vigorous newborn rats can tolerate a greater amount of the drug. Yet 
with doses of 70 mg. per kilogram or more (results not included in Table II) 
the mortality is 100 per cent, even with the heaviest members of the newborn 
group. Irrespective of the differences among the newborn as a group, thev are 
more sensitive to barbiturates than are the adults. 
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Table II. Effect of Intrateuitoneai. Pentobarbital on Rats Less Titan Twenty-Fode 

Hours Old 


WEIGHT RANGE (GRAMS) 

DOSE (30 MG ./KG.) 

DOSE (40 MO./KG.) 

DOSE (50 MG./KO.) 

4 to 4% 

5/7' 

G/7 

3/1 

5 to 5% 

G/J0 

10/27 

7/7 

G to 0% 

3/10 

4/24 

4/6 


In order to maintain the same small volume of Injection, the concentrations were varied: 
30 mg. per kilogram, 0.15 per cent; -10 mg. per kilogram, 0.20 per cent; and 50 mg. per kilo- 
gram, 0.25 per cent. 


•Each fraction represents the Incidence of mortality; the numerator of fraction indicates 
the number of animals that died and the denominator the number of animals used. 


It is generally accepted that a reciprocal relation exists between metabolic 
rate and narcotic effect. In the present investigation it has been possible to 
push this analysis one step further, and it is suggested that this relationship 
rests for the most part on the metabolic rate of the brain rather than that of 
the entire body. It is true that in rats the form of the curves for basal metabolic 
rate® and cerebral metabolic rate 7 arc similar on a basis of age. Both curves 
fluctuate within their lowest levels for approximately the first three weeks of 
life before rising rapidly to a maximum at the end of the seventh week and 
then receding very slowly toward old age. However, the early changes of basal 
metabolism rate would seem to depend on the entire organism rather than on 
the metabolism of an}' organ, for the metabolism of kidney and liver slices from 
newborn rats is found to be approximately the same as in the mature animal. 8 
Cerebral metabolism, on the contrary, is much lower in the newborn than in 
the adult, 7 an observation which may explain the lessened resistance of the 
neonate to barbiturate. This relationship between cerebral metabolism rate 
and narcosis is to be expected since the primary effect of narcosis is exerted 
on the brain. 

Tables III and IY represent a comparative study of pentothal and com- 
pound 897 (N-methyl-pentobarbital).* With strain A, but not with the other 
strains, the intravenous M.L.D. for a male rat weighing 360 to 460 grains is 
50 mg. per kilogram for pentothal and 40 mg. per kilogram for compound 897. 


Table m. Intravenous Injection of Pentothal (1 Per Cent Solution) 


STRAIN* 

SEX 

WEIGHT 

RANGE 

(ORAMS) 

INJEC- 
TION 
TIME IN 
MINUTES 

DOSE 

MO./KG. 

MOR- 
TALITY t 

EAR REFLEX ABSENT 
(MINUTES) 

SIDE POSITION 
MAINTAINED 
(MINUTES) 

AVERAGE | RANGE 

AVERAGE | RANGE 

R 

M 

300 to 420 

m 

GO 

3/5 

250 

141 to 3G0 

375 

290 to 4G0 

A 

M 

3G0 to 4G0 


50 

4/7 

17S 

403 to 540 

454 

403 to 540 

B 

M 

300 to 420 


50 

0/5 

127 

2S to 3G0 

329 

303 to 500 

G 

U 

230 to 250 


50 

0/3 

37 

32 to 39 

254 

128 to 420 

C 

M 

2G0 to 310 

% 

30 

0/9 

10 

S to 2S 

32 

1G to 81 

O 

F 

ICO to 200 

% 

30 

0/9 

15 

S to 20 

20 

15 to 40 

B 

M 

300 to 420 


25 

0/7 

19 

S to 30 

46 

19 to 82 

B 

M 

300 to 420 

% 

12.5 

0/7 

+ 

+ 

8% 

4 to 11 

C 

M 

314 to 150 

% 

12.5 

0/7 

+ 

+ 

Not in side position 


•Strain R came from tlie Rockland Company; Strain A is that maintained by the De- 
partment of Anatomy, Albany Medical College ; Strain C came from our own colony in the 
Department of Physiology and Pharmacology. 

tEach fraction represents the incidence of mortality; the numerator indicates the num- 
ber of animals that died and the denominator the total number of animals used. 

•We are grateful to Dr. R. K. Richards of the Abbott Laboratories, North Chicago, 111., 
for supplying this drug. 
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STRAIN* 

SEX 

WEIGHT 
RANGE 
(OK AMS) 

INJEC- 

TION 

time in 

MINUTES 

DOSE 
MO. /KG. 

MOR- 

rALITTf 

EAR REFLEX ABSENT 
(MINUTES) 

side rosmoN 
maintained 
(minutes) 

AVERAGE | 

RANGE 

average 1 

RAXGE 

h 

At 

300 to 420 

1% 

50 

4/5 

62 



120 

— 

A 

M 

300 to 460 

1 % 

40 

3/7 

49 

32 to 70 

116 

99 to 240 

0 

M 

176 to 280 

1% 

40 

0/7 

25 

17 to 34 

48 

20 to S8 

C 

M 

200 to 340 

% 

30 

0/7 

14 

S to 20 

3S 

22 to 71 

C 

F 

170 to 230 

% 

30 

0/S 

45 

15 to 72 

146 

53 to 232 

R 

M 

300 to 420 

1% 

20 

0/7 

22 

9 to 35 

33 

23 to 55 

It 

At 

300 to 420 

V- 

10 

0/7 

-i- 

-r 

SVj 

7 to 12 

C 

F 

12S to 152 

% 

10 

0/7 

+ 

-r 

6 

4 to 8 


•Strain It came from the Rockland Company; Strain A is that maintained by the De- 
partment of Anatomy. Alb anv Medical College; Strain C came from our own colony m the 
Department of Physiology and Pharmacology. 


tEach fraction represents the incidence of mortality; the numerator indicates the num- 
ber of animals that died and the denominator the total number of animals used. 


These results emphasize that differences in the strains of rats and especially in 
weight (age) are important factors in the responses to the barbiturates. It 
should also be pointed out that recovery, especially with the higher doses, is 
much faster with compound 897 than with pentothal. 

An interesting difference appears (Table V) between the reactions to a 
single intravenous injection of the three barbiturates : pentobarbital, pentothal, 
and compound 897. In these observations the ages of the male and female 
members of a test group are the same as are the doses in terms of weight. The 
exact dosage chosen, however, is arbitrary, since 30 mg. per kilogram of pento- 
thal is approximately 60 per cent of its M.L.D. and is 75 per cent of the II.L.D. 
of compound 897. Nevertheless, the recovery from anesthesia is faster with 
the latter compound. 

Pentobarbital and compound 897 shoo- a difference in the reactions between 
the two sexes, for the female rats exhibit longer periods of deep and total 
anesthesia than do the male animals, while with pentothal such a differentiation 
fails to appear. Similar preliminary observations made on dogs disclose that 
these animals do not exhibit the sexual differences to compound 897 which are 
noted in rats. The causes for these characteristic responses of male and female 
rats to pentobarbital and to compound 897 have not been elucidated, except to 
the extent that Moir 3 found that the discrepancy diminishes but does not dis- 
appear after castration of the male rats. Similarly, the injection of testosterone 
propionate into female rats cuts down the period of anesthesia significantly.® 
Data from this laboratory on thiamine-deficient dogs 10 suggest that they 
exhibit a reduced resistance to pentobarbital, in comparison with animals on 
a complete diet. Such an impairment of resistance previously has been reported 
for rats. 11 Pentobarbital becomes more effective not only in animals with 
thiamine deficiency hut also in those with a deficiency of ascorbic acid. 13 "We 
may conclude that in addition to age, sex, weight, strain, and species, diet is 
also an important factor in determinin'! the responses to barbiturates. ' 
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summary and conclusions 

Age, weight, sex, strain within a given species, difference in species, diet, 
and kind of barbiturate, all influence the reaction to this group of drags. 

1. The newborn rat, not more than twenty-four hours old, is more sus- 
ceptible than is the adult, while rats weighing 50 to 200 grams are less sus- 
ceptible than are those weighing 201 to 500 grains. It is possible therefore to 
form a spectrum of resistance lowest in the newborn, maximum in rats weigh- 
ing from 50 to 200 grams, and intermediate with advance in weight and age. 

2. As growth proceeds the first increase in the greater susceptibility of the 
female to pentobarbital is observed in rats weighing 101 to 200 grams, for in 
that weight range the female remains in light anesthesia longer, though the 
lethality is the same for both sexes. In rats weighing 201 to 500 grams and 
receiving pentobarbital, not only is the duration of narcosis longer in the female 
hut the lethality is greater. 

In response to an intravenous injection both pentobarbital and compound 
S97 produce more pronounced effects in the female than in the male, hut 
pentothal exhibits no sexual difference. 

3. The intravenous M.L.D. for male rats weighing 360 to 460 grams is 50 
mg, per kilogram for pentobarbital and 40 mg. per kilogram for compound 897. 

A more rapid recovery from anesthesia follows the administration of com- 
pound 897 than follows dosage with pentothal. 

4. Differences in the reaction to barbiturates are noted in three strains 
of rats. 

REFERENCES 


1. Fitch, R. H., and Tatum, A. L.: Duration of Action of Barbituric Acid Hypnotics as 

Basis of Classification, J. Pharmacol. & Exper. Therap. 44: 325-335, 1932. 

2. AToir, W. JL: Influence of Age and Sex on Repeated Administration of Sodium Pento- 

barbital to Albino Rats, J. Pharmacol. & Exper. Therap. 59: 6S-S5, 1937. 

3. Nicholas, J. S„ and Barron, D. E.: Use of Sodium Amytal in Production of Anesthesia 

in the Rat, J. Pharmacol. & Exper. Therap. 46: 125-129, 1932. 

4. Etsten, B., Alexander, F. A. D., and Himwich, H. E.: Comparative Toxicity of Pento- 

barbital in Newborn and Adult Rat, J. Lab. & Clin. Med. 28: 706-710, 1943. 

5. Carmichael, E. B.: Nembutal Anesthesia; Median Lethal Dose of Nembutal (Pento- 

barbital Sodium) for Young and Old Rats, J. Pharmacol. & Exper. Therap. 62: 
284-291, 193S. 1 

6. Kiblcr, H. H., and Brody, S.: Metabolism and Growth of Rats, J. Nutrition 24: 461- 

4GS, 1942. 


i. Chesler, A., and Himwich, H. E.: Comparative Studies of the Rates of Oxidation and 
Glycolysis in the Cerebral Cortex and Brain Stem of the Rat, Am. J. Phvsiol. 141: 
513-al/ , 1944. 

S. Cutting, M., and MeCancc, R. A.: The Metabolism of Kidney Slices From New-born and 
Full-grown Rats, J. Physiol. 104: 2SS-29S, 1946. 

9. Kinsey, V. E.: Use of Sodium Pentobarbital for Repeated Anesthesia in the White Rat 
J. Am. Pharm. A. (Scient. Ed. 29: 3S7-390, 1940. ’ 

10. Himwich, W. A., and Himwich, H. E.: The Influence of Some Organ* on the Pvmvare 

Level in the Blood, Am. J. Physiol. 148: 32." -326, 1946. 6 J ate 

11. Higgins, G . 31., and Mann, F. C. : Relation of 1 itamin B to Duration of Anesthesia 
-.a -a- , In ; hlc f /1 i- v Pentobarbital Sodium, S. Clin. North American 23: 120o-l°ll 1943 ' 
1- Richards R. K Kueter, K.. and Klatt. T. J.: Effect of Vitamin C Deficiency on Action 

of Different Types of Barbiturates, Proc. Soc. Exper. Biol. & Med. 48: 403-409, 1941. 



LABORATORY METHODS 


A SIMPLIFICATION OF THE SEROLOGIC DIAGNOSIS OF 
SALMONELLA CULTURES 

F. Kauffmann and P. 71. Edwards 
Lexington, Kv. 

R ECENTLY, the attention of many workers has been drawn to the Salmonella 
group by numerous publications on the genus. This increased interest in 
a group recognized for many years is due to several factors : A rise in enteric 
infections caused by large movements in population and the makeshift living 
conditions of the war years, improved methods of isolation of the bacteria, and, 
finally, the fact that rapid and reliable methods of identification of cultures by 
serologic analysis are now available. 

Faced by a greater demand for accurate diagnosis of enteric infections 
and his own ability to isolate a larger number of intestinal pathogens by the 
use of improved selective media, the worker in the average laboratory has been 
placed at a disadvantage by inability to identify the cultures which are isolated. 
The multiplicity of Salmonella types and the many sera necessary for their exact 
identification have prevented workers in small laboratories from taking ad- 
vantage of the newer knowledge of Salmonella serology. Thus, many labora- 
tories still depend upon agglutination tests in which the 0 and II reactions 
of the cultures are not distinguished and the phases of the II antigens are not 
considered. Such a system inevitably leads to errors in diagnosis which may 
seriously handicap the work of the epidemiologist. 

It is highly desirable that exact methods of identification of the principal 
pathogens among the Salmonella and approximate methods of diagnosis of the 
remaining types be made available in simplified form. The public health labora- 
tory should be able to identify with certainty S. paratyphi A, S. paratyphi 
B, S. paratyphi C, S. typhi, and S. sendai, since these are strictly human types 
which produce prolonged febrile diseases, result in a relatively high carrier 
rate, and tend to become endemic in the population. S. cholcracsuis also should 
be identified exactly because it frequently produces septicemia with localizations 
in man. Finally, it is desirable to identify S. typhimuriwn since it occurs 
more frequently in man than any other of the numerous types which produce 
acute gastroenteritis. 

Laboratories engaged in the study of diseases of the domestic animals 
should be able to identity the so-called primary salmonelloses; S. abortus equi 
in horses, S. dublin in cattle, S. abortus ovis in sheep, S. cholcracsuis in hogs, 
and S. pullorum and S. gallinarum in fowls. Here again it is desirable that 
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S. tijphimurium be identified exactly since it occurs so frequently in all animal 
species. The remainder of the numerous types which occur in domestic animals 
may be separated into their respective groups but may not be subjected to exact 
type determination. 

Fortunately, the vast majority of Salmonella strains isolated from man and 
animals are members of groups A, B, C. D, and E of the KaufEmannAYhite 
classification. In 1943 Edwards and Bruner 3 found that 9S.3 per cent of 
3,019 cultures from man and animals were members of these five groups. In 
1946 Seligmann, Saphra. and Vassermann s obtained an identical figure in 
2,916 cultures from man. In 1947 Bruner and Joyce 1 classified 99.5 per cent 
of 1,007 cultures from man in these groups. Unpublished data of Edwards and 
Bruner on 12,000 cultures isolated from man and animals indicate that more 
than 97 per cent of the strains are found in the five previously mentioned groups. 
Thus, it is evident that the average laboratory need concern itself only with 
the identification of Salmonella cultures which are members of five somatic 
groups.® Other cultures occur so rarely that they may be forwarded imme- 
diately to a laboratory which specializes in the study of the genus. 

Considering these facts, we propose the following diagnostic scheme for 
the average routine laboratory. A polyvalent serum which contains agglutinins 
for antigens I, II, III, IV, V, VI, VII, VIII, IX, X, XII, and XV should be 
available. This is prepared by injecting a rabbit with a mixture of equal 
amounts of boiled broth cultures of S. paratyphi A, S. paratyphi B, S. thompson, 
S. newport, S. gallinarum , S. anatum, and S. neuington. Details of the prep- 
aration of polyvalent sera were published in 1942 by Kauffmann. 7 

Five O sera for groups A to E, respectively, should be prepared as follows .- 


A 

i, ii, xn 

S. paratyphi A 

B 

rv, V, XII 

S. paratyphi S 

C 

vi, vn, vm 

S. thompson and S. newport 

D 

IX, XII 

S. gallinarum. 

E 

m,x,xv 

S. anatum and S. newington 


Methods of preparation of these sera were given in 1941 by Kauffmann 6 
and in 1942 by Edwards and Bruner. 2 It will be noted that groups Cj and C„ 
are represented by only one serum as are also groups E,. and E,. In this way 
the number of necessary sera is reduced. 


For the public health laboratory a Vi serum is needed to aid in the identi- 
fication of S. typhi and S. paratyphi C. This may be made from a livhm or an 
alcohol-treated culture of S. ballerup by the method of Edwards and Bruner 2 
(1942). Such a serum contains agglutinins for O antigen XXTT and H anti- 
gen z u , in addition to Vi, but these antigens occur so rarely that the serum may 
he used without absorption for the determination of Vi antigen. 


As early as IPSO Kauftmann (Die Technik der Tvp*' 
t>phu«gnjppe Zentralbl. f Bakt. [Abt. 11 113: 152. 1030) 
AVA), T ,ch 1 '? common members of groups A to E coi 
propo tl aas made by Bomstein (Practical SuggesUon* for 
salmonella Organisms, 3 . Bact. 44: "ID. 1012.) 



" Typhus-Para- 
pet of 12 OH 
■ 3012 g similar 
■ termination of 
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Tlie public health laboratory should have six II sera as follows: 
a S. paratyphi A 

b S. hvittingfoss, phase 1 (or 5. paratyphi 11, phase 1) 

a S. cholcmcsuis, phase 1 

cl S. typhi 

i S. aberclecn, phase 1 (or 8. bonariensis, phase 1 ) 

1,2, 3,5 S. thompson, phase 2, and S. newport, phase 2 

Workers in animal pathology should have the e, 3, and 1,2, 3,5 sera and, in 
addition, the following: 

e,n,3: S. abortus cqui 

g,p S. dublin 

The preparation of II sera was described in 3911 by Kauffmann 0 and in 
1942 Edwai’ds and Bruner. 3 

With this modest array of sera and by use of the ordinary biochemical 
tests it is possible to identify the principal Salmonella types and to group 
practically all Salmonella cultures. 

The polyvalent serum is used in slide agglutination tests, usually in a 
dilution of 1 :5 or 1 :10, depending upon the titer of the particular serum. It 
can he used to test colonies directly from plates of selective media or to test 
growth from slants of differential media to which colonies are transferred. A 
bit of growth is mixed in saline on a slide and an equal amount of polyvalent 
sera added or, if desired, the growth may he emulsified directly in the serum 
dilution. Agglutination becomes apparent after the slide is tilted back and 
forth for thirty seconds to one minute. In dealing with cultures from man the 
Vi serum should he used in conjunction with the polyvalent serum so that 
O-inagglutinable cultures of S. typhi will not be missed. If agglutination is not 
obtained thus with growth from any of the suspicious colonies, those which yield 
growth resembling Salmonella on differential media should be carried through 
the usual biochemical tests to eliminate the presence of rare Salmonella types. 
If the biochemical tests indicate that the organisms are Salmonella, they should 
be sent to a center for identification. 

If agglutination occurs in Vi serum, S. typhi should be suspected. In the 
event that agglutination occurs in the polyvalent serum but in Vi serum, it 
is probable that a Salmonella other than S. typhi is present. Cultures which 
agglutinate in the polyvalent serum should be tested in a similar manner with 
the sera for the various 0 groups. While some cross-agglutination occurs be- 
tween the different 0 groups, the reactions are usually quite distinct so that 
no difficulty is encountered in determining to which 0 group a culture belongs. 
Cultures which agglutinate in Vi serum should be heated in saline at 100° C. 
for a few minutes and tested with the 0 sera. Thus, the Salmonella strains can 
be divided into their respective 0 groups. Cultures which are initially agglu- 
tinable by Vi serum after heating should fall into group C if they are S. para- 
typhi C and into group D if they are S. typhi. If no agglutination occurs in 
the 0 sera after heating, the heated culture should again be tested in Vi serum. 
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If agglutination still occurs, it may be concluded that the culture contains XXIX 
antigen and is not a member of any of the common groups. Very rarely rough 
cultures of S. typhi are isolated which will not agglutinate with group D serum 
after heating. Thus, it is necessary to determine by biochemical methods 
whether cultures, which in the living state agglutinate in Vi serum but after 
heating are inagglutinable by group C, group D, and Vi sera, are in reality 
rough cultures of S. typhi. 

After the 0 group of the culture is determined its H antigens should be 
examined. This may be done by testing growth from an agar slant on a slide 
with H sera which are diluted 1:50 or 1:100. An alternate method is that 
recommended in 1942 by Edwards and Bruner, 2 in which an infusion broth 
culture is diluted with an equal amount of saline containing 0.6 per cent 
formalin and tested with appropriate sera at 50° Centigrade. Only one dilu- 
tion (1:1000) is used and results are read after incubation for one hour in 
a water bath. 


In dealing with cultures from man the group A cultures should be tested 
with serum a to assure that they are S. paratyphi A, the only known type in 
that group. In addition, they should be subjected to the differential tests, non- 
fermentation of xylose, and inability to utilize tartrates and citrate. The 
majority of S. paratyphi A strains produce little or no H,S. 

Group B cultures should be tested with H sera, b, i, and 1,2, 3, 5. In the 
event that agglutination occurs in b or i serum, the culture is almost certainly 
S. paratyphi B or S. typhimurium, respectively. Diphasic cultures often occur 
only in one phase when recently isolated. If phase 2 only is present, it is 
necessary that phase 1 be obtained to identify the culture. Thus, if the culture 
is agglutinated only by 1,2, 3, 5 sera, it should be planted on a Gard plate 
(Kauffmann, 6 1941) with 1,2, 3, 5 serum or placed in a tube containing 2 or 3 
c.c. of semisolid medium to which a loopful of that serum has been added. 
Phase 1 will migrate through the medium and can be isolated from the spread- 
ing growth. Useful modifications of the Gard technique have been described by 
Edwards and Bruner- (1942), Hajna 4 (1944), and Juenker 5 (1946). After 
phase 1 is obtained it can be determined whether the culture is S. paratyphi 
B. S. typhimurium, or some other type within group B. 


Group C cultures should be tested with c and 1,2, 3, 5 sera. If agglutina- 
tion occurs in c serum, the culture may be identified as S. paratyphi C or 8. 
rhohracsuis depending upon its biochemical reactions. S. paratyphi C usuallv 
ferments arabinose and always ferments trehalose promptly whereas S. cholerae- 
sitis attacks neither of these sugars. S. paratyphi C ferments dulcitol promptly 
while S. ehohraesuis gives delayed or negative reactions in dulcitol media. If 
phase 2 only is present, phase 1 should be isolated as previously described and 
tested with c scrum. It should be remembered that the majority of cultures of 
S. cholcracsuis belong to the Kunzendorf variety in which phase 1 is more or 
less completely suppressed, so that any group C culture which agglutinates 
1 2.3,0 scrum fails to ferment arabinose and trehalose, and gives a negative or 
delated result m dulcitol may be reported as S. ehohraesuis. 
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. Grou P ® cultures should be tested in a, d, and 3, 2,3,5 sera. Cultures 
nc 1 a se ii ii^Uc on y in d serum, wJiich are anaerogenic, and which possess 
the usual biochemical attributes of 8. i ypM may he reported immediately. The 
oiganism wil! have been examined already for the presence of Vi antigen so 
ia l s l entitj. is fairly well established. Some recent lv isolated cnltui'es of 

l ypht are 1 very l ,oorl V niotil c and may fail to flocculate in d serum. Such 
cu tures can be typed as S. typin' provided they possess IX, XII, and Vi anti- 
gens and the biochemical properties of S. lyphi. 

Identification of S. senden depends upon the recognition of both phases and 
ioc lennca examination. It is necessary that the organism agglutinate both 
i a an. >•> seia. If only one phase is present the second must he isolated 
as previously described. Further, this type is 1I,S and citrate negative and 
& ncs a negative result m Stem’s glvcerol-fuchsin broth. Arabinose is fer- 

. ? e . nn,nc !a * e ^ and sorbitol give delayed reactions. Cultures 

with similar antigens but different biochemical reactions belong to another tvpe. 
«• scndai occm-s frequently only in the Orient. 

Cultures which belong to group E are not examined further but arc re- 
corded simply as group E Salmonella. 

Gu ^ tluas (d animal origin are treated in much 1 he same manner as human 
ures. Tioup ^ cultures are known to occur only exceptionallv in animals 
and need not be considered. Group B cultures are tested with c;'e,n,x; i and 
’’f sera. S. abortus cqw should agglutinate only with e,n,x serum and when 
• ^ CC , . in scm ! so 1( I medium containing c,n,x serum it should fail to spread 
‘ i 'rm 1S mon °Phasic. Botti phases of S. abortus oris should he reeog- 
This type sl.ould agglutinate in e and 3, 2, 3, 5 sera. Further, the organ- 
ism should fail to ferment trehalose. It is characterized by a more delicate 

r ■ •! \ a ^ ai Inc Ia Gian ^ ia t exhibited by most Salmonella. S. typhimwium 
is identified as previously described. 

, . 1 Gr ,° l f 1P ? cul f lrcs are trcalGd as are human strains of group C in order 
to identify S. choleraesuis. 

Motile stiains of gioup D arc tested with g,p scrum to determine whether 
they nve S dubhn; S. cntcritidis oho will agglutinate with this serum, but 
yp, cal Dublin strains can be differentiated from S. cntcritidis by the fact that 
< cu in gw es a negative or delayed test with arabinose while S. cntcritidis 
ferments the sugar promptly. 

Nonmotile strains of gioup D arc probably S. gallimrmi or S. pullorum. 
buei cultures which are anaerogenic and which promptly ferment dulcitol and 
maltose may, be classified as 8. gallinarum. S. pullorum is usually aerogenic 
but anaerogenic strains occur. Typical cultures ferment neither maltose nor 
dulcitol although maltose-fermenting strains occasionally are found. Nonmotile 
cultures which fail to ferment dulcitol may be classified as S. pullorum. This 
tj r pe is also characterized by its sparse growth on artificial media. 

In summary, it is hoped that through the adoption of a system similar to 
that previously described, a more satisfactory diagnosis of Salmonella types 
may be achieved in the routine laboratory. Such laboratories should not attempt 
to type every Salmonella culture but should identify exactly only the more 
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important types. The' remaining cultures should be designated “Salmonella, 
type undetermined” and sent to a center for identification. The adoption of 
such a system will permit the rapid diagnosis of 9S per cent of Salmonella 
infections. At present many laboratories still rely on ordinary agglutination 
tests until sera of doubtful authenticity and specificity and upon biochemical 
reactions. Reports on Salmonella cultures are therefore often long delayed 
and inaccurate. 

It is realized that this proposal is not strikingly original and that any 
proposal short of complete typing must be a compromise. However, the system 
is flexible and can be modified to suit the needs of the individual. The methods 
proposed here are based upon our experience, with a Anew toward the employ- 
ment of a minimal number of sera. 


REFERENCES 

1. Bruner, D. AT., and Joyce, B. J. : Salmonella Types Encountered by the 15th Medical 

General Laboratory, Am. J. Hyg. 45: 19-24, 1947. 

2. Edwards, P. R., and Bruner, D. TV. : The Serological Identification of Salmonella Cultures, 

Ky. Agr. Exp. Sta. Circular 54, 1942. 

3. Edwards, P. B., and Bruner, D. TV.: The Occurrence and Distribution of Salmonella 

Types in the United States, J. Infect. Dis. 72: 5S-67, 1943. 

4. Hajna, A. A.: Use of a “U” Tube for the Isolation of Monophasie Varieties From 

Diphasic Salmonella Cultures, J. Baet. 48: 609-610, 1944. 

5. Juenker, A. P.: A Bapid Method of Phase Isolation in Salmonella Cultures, J. Baet. 52: 

609, 1946. 

6. Kauffmann, F.: Die Bakteriologie der SalmoneUa-Grnppe (Typhus-Paratyphus-Enteritis- 

Gruppe), Copenhagen, 1941, Ejnar Mnnksgaards Forlag* 

7. Kauffmann, F.: Ueber polyvalente Immunseren zur Salmonella-Diagnose Acta oath et 

microbiol. Scandinav. 19: 24S-261, 1942. ’ v 

8. Seligmann, E., Saphra, I., and Wassermann, M.: Salmonella Infections in the USA. 

J. Immunol. 54: 69-S7, 1946. ’ ’’ 



THE PROTHROMBIN TIME AND VARIABLES IN THE METHOD 


John W. Martin, M.D., George II. Curfmax, Jr., M.D., and Frank L. Cavano 

Cleveuaxd, Ohio 

T HE prothrombin test as originally devised by Quick 1 and subsequently 
modified by Link, 2 Shapiro, 3 Rr umbel, 4 and others is steadily becoming more 
important in clinical medicine, particularly as a guide to dicumarbl therapy. 
Accurate, consistent results arc imperative if patients are to be adequately 
treated yet not unnecessarily subjected to the danger of serious hemorrhage. 
Indeed, if dependable prothrombin values arc not obtainable, dicumarol therapy 
must be discarded. 

Our own early experience and observations of some other laboratories lead 
us to believe that prothrombin results arc very often dangerously inaccurate. 
In the course of our work sonic factors causing variations have been found. 
Some have not been mentioned previously and others have received too little 
emphasis. It is hoped that the recognition of some of the pitfalls may be of 
value to others and of help in the development of a more reliable technique. 

THE PROTHROMBIN TEST — DESCRIPTION OP TECHNIQUE 

All one-stage prothrombin tests used today are based on the original 
method of Quick. We have followed the Brambcl modification of the Quick 
test because it is more accurate in determining early changes in prothrombin 
content. This is particularly true between 35 and 100 per cent, where the 
Brambel dilution curve rises more sharply than do either the dilution curves 
of Quick or Link and Shapiro (Fig. 1). 

Regardless of the method used, each laboratory" should determine its own 
dilution curve in order to report accurately" in per cent of prothrombin. Valua- 
tions in the strength of the thromboplastin and other factors that will he con- 
sidered later make it impossible to read results from dilution curves that have 
been made in other laboratories. In the following outline of the method, we 
follow closely the Brambel technique 4 and note its variations from Quick. 

Thromboplastin is prepared from rabbit brain according to the method 
described by Brambel. 4 It is then kept in a desiccator at 4° C. or sealed in 
vacuum bottles and kept in the refrigerator. When ready for use, the dried 
brain containing the thromboplastie substance is removed from the vacuum 
tubes or the desiccator and ground to a fine powder with a pestle and mortar. 
(With Quick’s method the thromboplastie substance is used without any" further 
grinding.) Then 250 mg. of this powder are suspended in 5.0 c.c. of normal 
saline solution (0.85 per cent) containing 0.1 c.c. of a 0.1 molar solution 
of sodium oxalate. After the test tube is thoroughly shaken to insure uniform 
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distribution of the particles, it is placed in a water bath maintained at 50 C. 
for a period of just fifteen minutes. While in the water bath, the test tube is 
vigorously shaken for ten seconds every two minutes. It is important that the 
material be shaken regularly and consistently at the two-minute period, as the 
amount of agitation will change the prothrombin times obtained. Additional 
shaking will cause times to increase. 

At the end of the incubation period the material is put in a centrifuge, 
and revolved at 500 r.p.m. for just twenty seconds. This will give a milky 
supernatant fluid which may then be pipetted off and used for testing. 



Fig:. 1. — Dilution curves obtained bj- three different methods. 


Quick’s method of preparation of thromboplastin differs from the previ- 
ously described method of Brambel only in the following ways: (1) There is 
no grinding of the acetone-washed, dried brain before adding the normal saline- 
sodium oxalate mixture; (2) during the period of incubation the only agitation 
is that produced by the occasional blotring through the mixture with a pipette; 
and (3) 300 instead of 250 mg. of thromboplastic material are incubated in 
50 c.c. of saline-oxalate mixture. This change of amount does not appear to 
he important, as an excess of thromboplastin is used in both methods. 

Plasma for prothrombin determination is obtained by mixing 4.5 c.c of 
venous blood with 0.5 c.c. of 0.1 molar sodium oxalate. This is" centrifuged 
at 1,500 r.p.m. for twenty minutes. 

One-tenth of a cubic centimeter of plasma is then placed in an 8 by 100 
mm. test tube and to this is added 0.10 c.e. of thromboplastin solution. The 
two are thoroughly mixed and placed in a constant temperature water bath 
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of 37° C. for two minutes. One-tent!) of a cubic centimeter of 0.025 molar 
calcium chloride, which has previously been allowed to stand at 37° C., is then 
drawn into a 1.0 c.e. pipette calibrated in 0.10 e.c. graduations to the tip. The 
calcium chloride is quickly blown into the plasma-prothrombin mixture and 
at the same moment a stop watch is started. A foot switch for the operation 
of the watch as described by Shapiro is helpful. 3 

In introducing the calcium chloride into the plasma-prothrombin mixture, 
it is important to keep several points in mind. The transfer must be made 
quickly, but care must be taken so that the solutions will not remain on the 
side of the tube and prevent complete mixing. The pipette used for calcium 
chloride must be very carefully wiped before it is used again. If this is not 
done, small drops of the prothrombin-plasma mixture may adhere to the sides 
of the pipette and contamination of the calcium chloride solution will result, 
invalidating further tests. A fresh pipette may he used for each transfer of 
the calcium chloride, but this docs not seem necessary if due care is taken. 

Once the solutions are mixed by shaking, the mixture is held in the water 
hath for ten seconds. The lube is then lifted out and gently tilted back and 
forth until the solution abruptly gels. When coagulation first begins, the stop 
watch is stopped and the time recorded to the nearest one-tenth of a second. 
All runs should be done in duplicate and should check within a second for 
undiluted plasmas. 

EXAMINATION OF POSSIBLE VARIABLES IN THE METHOD 

Stability of Thromboplastin in Dry State . — As others have reported, we 
also have found that the stored thromboplastin loses its potency when exposed 
to air but that the temperature factor is not so important. According to Quick, 5 
when thromboplastin is stored at 4° C. in vacuum containers, potency is main- 
tained over a period of years. 

We have tested the same dried tliromboplaslic substance, prepared accord- 
ing to the Brambel method, over a period of five and one-half months and have 
found no decrease in the strength. The figures in Table I give the prothrombin 
times obtained on the same normal individuals over a period of months. In 
this experiment three separate batches of thromboplastin, kept continuously 
in a desiccator at 4° O., were used for testing. 


Table I. Stability or Dried Thromboplastin- Stored in Desiccator at 4° O. 
(Figures Give Prothrombin Time in Seconds) 



DATE 


THROMBOPLASTIN 




TESTED 

A 

1 B | 

0 


Normal plasma 
(G.C.) 

June 24 

July 24 

Aug. 19 

Doc. 11 

17.4 

17.G 

17.2 

17.2 

17.3 

16.S 

17.4 

17.2 


Normal plasma 
(J. M.) 

June 29 

July 13 

Aug. 1C 

Dee. 11 

17.0 

1G.9 

17.1 

10.5 

17.1 

16.S 
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Stability of Thromboplastin in Solution.— It is of some importance to know 
how long this thvomboplastic solution maintains its strength, for time and 
material may be saved if its stability is such that it may be used foi more than 
one series of tests. In Tables II and III the results of daily tests on the same 
individuals are shown. The thromboplastic solutions were made up fresh on 
the first day and kept in the refrigerator at 2° C. for the duration of the ex- 
periment. Bloods were drawn at the same time each day on the normal in- 
dividuals tested, and in all respects the tests were done in the same manner 
each day. 

In Table II are shown the daily times obtained using thromboplastin pre- 
pared in our laboratory from the aeetone extraction of rabbit brain. 'When 
not used for testing, it was kept in the refrigerator. It will be noted that there 
is a change in potency on the sixth day. This is more noticeable in the first 
three cases which were done some months before the last four by a different 
technician and with a different lot of thromboplastin. It would appear justifi- 
able on the basis of these data to use such thromboplastic solutions for at least 
four days before discarding them. 


Table II. Thromboplastin (Brambel), +2° C. 
(Prothrombin Time ix Seconds) 



FIRST 

SECOXD 

THIRD 

FOURTH 

FIFTH 

SIXTH 

SEVENTH 

EIGHTH 

NINTH 

CASE 

DAT 

DAY 

DAY 

DAY 

DAY 

DAY 

DAY 

PAY 

DAY 

l 

17.2 

17.3* 

17.4 

17.4* 

17.4 

23.S 

24.S 



2 

17.1 

17.4 

17.2 

17.5 

17.5* 

24.S 

24.St 



3 

17.2 

17.2 

17.3 


17.4* 

23.9 

24.St 



4 

17.7 

17.5 

17.S 

1S.4 

1S.1 


22.0 



5 

17.9 

18.1 

18.2 

17.7 

19.0 

19.1 

20.4 1 



6 


1S.1 

1S.4 

18.0 

1S.1 

1S.7 

19.1 

19.1 

19.0 

7 


IS .9 

17.4 

17.6 

17.7 


21.2 

21.2 

21.0 

Average 

1S.0 

17.S 

17.7 

17.5 

17.9 

21.5 

22.4 



•Interpolated. 









■(Extrapolated. 









Table in. 

Potency 

Thromboplastin 

(MALTESE) IN 

Solution 

+2° C. 




(Prothrombin Time 

in Seconds) 





FIRST 

SECOXD 

THIRD 

FOURTH 

FIFTH 

SIXTH 

SEVENTH 

EIGHTH 

NINTH 

NOP.MAL 

DAY 

DAY 

DAT 

DAY 

PAY 

DAY 

DAY 

DAY 

day 

1 

16.6 

16.0 

17.4 


m. wm 


19.2 

19.1 

19.6 

2 

16.3 

16.1 

15.9 


m ifiB 


21.1 

1S.0 

1S.0 

3 

16.7 

17.0 

16.7 


m wpi 


1S.9 

18.5 

21.0 

4 

16.1 

16.0 

16.0 




19.S 

18.S 

19.0 

5 

13.7 

16.3 

16.5 


■ Bal 


18.5 

1S.3 

18.1 

Average 

15.9 

16.4 

16.5 

1S.4 

mm 

17.5 

19.5 

1S.5 

19.1 


In many laboratories it is not feasible to prepare thromboplastin from 
rabbit brain, and the use of a commercial product is necessary. We have there- 
fore extended our observations to one, frequently used, ready-made thrombo- 
plastin (Mai tine). The experiment was carried out in the same manner as 
previously described. In this instance there is a significant loss of strength 
on the fourth day, but values are consistent for the first three days (Table III) 
Calcium Chloride Solution.— We have used a 0.025 molar concentration of 
calcium chloride. This is the same strength solution as is used bv Shapiro 
and Brambel. Quick also previously used this solution, but has more rcc-entlv 
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changed to a 0.020 molar strength. This may account in part for shorter times 
observed when using the Quick technique, as the calcium chloride concentration 
is a critical factor in this test. 

Polite and Stewart 0 showed that even small variations of the calcium 
chloride had a distinct effect on the prothrombin time. As the calcium chloride 
strength was reduced to about 0.01 molar the prothrombin times became shorter. 
Below this level there was a rapid lengthening. We have confirmed these 
observations, as is shown in Fig. 2. Actually, other molarities than the usual 
0.025 molar might be adopted if a dilution curve for that solution were set up 
and percentage values then derived from that curve. The important consid- 
eration is that the calcium chloride solution be consistently of the same strength. 



Flff. 2. — Effect of calcium concentration on prothrombin time. 

Solutions should be made up accurately and in large enough volume to obviate 
the necessity of frequent preparation of new stock solutions, which might lead 
to error. As anhydrous calcium chloride is most hygroscopic, its weight will 
change even as it is being removed from the container for weighing. For 
critical work a final chemical analysis of the solution is desirable. 

Plasina — Collection of the Blood . — Plasma is obtained by mixing 4.5 c.e. 
of blood with 0.5 c.e. of 0.1 molar sodium oxalate. The mixture is then centri- 
fuged for twenty minutes at 1,500 revolutions per minute. It is important 
that the vein be entered cleanly and a perfectly dry syringe be used, as slight 
clotting or hemolysis of the blood will cause shortening of prothrombin times 
(Figs. 3 and 4). 
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Plasma Stability — It is usually assumed that the prothrombin test will 
be run soon after the blood is drawn, but there is little specific information on 
the stability of the plasma at various temperatures. Link- reported that normal 
rabbit plasma was constant in prothrombin content for several hours at room 
temperature but that bloods of animals eating spoiled sweet clover (dicumarol 
equivalent) were likely to change in value after standing three or four hours. 
Campbell and associates 7 have found that no appreciable error was introduced 
in keeping plasma obtained from normal rabbits for a week at 0° Centigrade. 

In Tables IV to VII tests have been run on both abnormal and normal 
plasmas, kept for varying times at different temperatures. It will be seen that 
although there is a more rapid deterioration of prothrombin at high temper- 
atures than at lower ones, prothrombin stability does not vary directly nor 
consistently until temperature change. 


lOOr 


90 1 


: Upper limit of columns 
, ^represents dilute (12.5Z)tirnesJ 



£ 


"P U A 3 S 

10 :_Lover limit of columns . 
; represents undilute times 


Case 13 3^ 

□ Hemolyzed 
■ Non'hemolyzed 


5 


100r 

90 : 


Upper limit of columns 
: represents dilute (YLSl) times 



p oi Oi a CP: 


I M 

o 

£ 10 -Lover limit of columns 
£ represents undilute times 

0t 

Case l l 3 
□ Clotted 
■ Norrclotted 


Fig. 3. 

Fig. 3. — Effect of hemolysis on prothrombin time. 
Fig. 4. — Effect of clotting on prothrombin time. 


Fig. 4. 


In Table IV is shown the loss of prothrombin potency when plasmas are 
kept refrigerated at 1 to 2° Centigrade. Bloods were drawn at 9 :30 a.m., and 
the plasma was immediately separated by centrifuging and placed in the ice- 
box. The first determinations were made one hour after bloods were drawn 
and the second test four hours after obtaining tbe specimens. There is no 
significant change up to four hours, but after seven hours the three normals do 
show definite lengthening of times. At ten hours all show evidence of weak- 
ening of the prothrombin strength. It is obviously impossible to keep plasmas 
o\ cm i glit in a refrigerator and still obtain accurate results. 
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Table IV. Plasma Stability, i to 2° C. 
(Prothrombin Time in Seconds) 


CASE 


TIME AFTER DRAWING OF BLOOD 


1 nour. 

4 HOURS 

7 nouns 

10 nouns 

1 

IS.5 


17.S 

20.5 

o 

29.S 

27.0 

29.0 

33.0 

3 

33.0 

33.1 

32.4 

35.3 

4 

29.9 

31. S 


37.2 

5 

39.7 

37.0 

40.0 

44.1 

0* 

15.5 

1 ih*) 

17.8 

39.5 

7* 

14.S 

15.0 

17.1 

17.8 

S* 

15.1 

15.2 

37.7 

18.2 


•Normals. 


Table V. Plasma Stability, 21° C. (70° F.) 
(Prothrombin Time in Seconds) 


CASE 


time after drawing ok blood 

— ■ ■ - 1 - — — — 

1 noun 

2.5 HOURS 

4 HOURS 

5 HOURS 

0 HOURS 

j* 

35.S 

15.7 

15.5 

id.i 

10.1 

2* 

15.8 

15.9 

35.7 

15.9 

10.2 

3 

24.3 

23.9 

23.2 

24.8 

20.3 

4 

18.7 

18. S 

19.0 



5 

29.0 

2S.7 

29.S 

31.0 

32.0 

0 

2S.0 

27.4 

27.1 

27.7 

27.4 

7 

27.3 

27.4 

2G.S 

28.0 

31.1 

s 

30.2 

30.1 

33.9 

oo o 

• »«|U 

34.9 


•Normals. 


In a similar manner blood samples were obtained and tbe plasmas allowed 
to remain at a room temperature of 21° C. (70° F.). Loss of potency was not 
greatly accelerated as compared to plasmas kept in the icebox, but in five hours’ 
time some samples gave evidence of slight loss of prothrombin activity. In 
six hours five of the eight gave longer values (Table V). 

A series run during the summer months at a room temperature of 29° O'. 
(89° F.) showed no significant variation at five and one-half hours but con- 
siderable deterioration of prothrombin activity after six and one-half hours 
(Table VI). It appeal’s, therefore, that with the room temperatures usually 


Table VI. Plasma Stability, 29 to 31° C. (SI to SS° F.) 
(Prothrombin Time in Seconds) 


CASE 



TIME AFTER 

DRAWING OF BLOOD 



1.5 

HOURS 

3.5 

HOURS 

4.5 

HOURS 

5.5 

HOURS 

G,5 

HOURS 

7,75 

HOURS 

9.25 

HOURS 

10.25 

nouns 

r 

17.0 

1G.9 

17.7 

10.5 

21.0 

2G.S 

21.9 

20.1 

2* 

45.4 

45.7 

40.8 

43.8 





3 

20.0 

25.0 

27.9 


32.0 

33.7 

32.5 

39.1 

4 

17.7 

17.0 

18.0 

17.0 

22.7 

20.4 


24.7 

♦Normals. 











Table VH 






(Prothrombin Time in Seconds) 


. 




45 MINUTES AFTER. 







DRAWING BLOOD 

1 HOUR LATER 



CASE 


(temperature 21° 

' C.) 

(PLASMA KEPT AT 37° 

c.) 


l* 



14.S 



18.9 



2* 



15.1 



18.3 



3 



18.5 



22.S 



4 



29.8 



30.1 



5 



37.9 



43.7 



♦Normals. 
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encountered (70 to 84° F.) there is little variation in rate at -which prothrombin 
activity is lost. 

Ail specimens should be run as soon as possible after the bloods are drawn, 
and any plasma kept longer than five hours either at room or icebox temperatures 
cannot be interpreted with accuracy. 

When the temperature is raised to 37° C., loss of potency is much more 
rapid, as is shown in Table VII. This sudden rise in rate of prothrombin 
destruction is somewhat surprising in view of results noted at lower temper- 
atures. We are unable to explain this variation in action. Perhaps prothrombin 
loss is due to the action of enzymes present in the plasma or it may be a result 
of bacterial activity. No attempt has been made to run these tests under strict 
aseptic conditions. 

Plasma — Time of Taking Blood Samples . — Meyers and Poindexter, 8 using 
the dilute prothrombin method of Shapiro, showed that patients with coronary 
arteriosclerosis had a slightly shorter prothrombin time in the evening and 
early morning hours. Levan 9 states that “determinations after breakfast were 
considerably higher in per cent prothrombin than fasting specimens.” That 
is, the prothrombin times after breakfast were shorter. 

We have run serial determinations throughout the day on ambulatory 
patients. Since other work being carried on in the laboratory at this time 
necessitated the use of the Link-Shapiro method, it was employed in these 
particular determinations. 

The first specimens were taken at 8:30 a.m. and breakfast was eaten im- 
mediately. A second blood was drawn at 10 :30 a.m., approximately two hours 
after breakfast. Lunch was eaten at 11:45 a.m., and a midaftemoon sample 
was taken at 3 :00 P.M. Supper was served at 5 :00 p.m., and the fourth and 
last blood was drawn at 11 :00 p.m. We did not find any significant difference 
between bloods drawn before and after breakfast, and it would not appear 
necessary to insist on fasting blood samples. There is, however, consistent 
lengthening of the prothrombin times of the 3 :00 p.m. samples when these are 
compared to morning samples. The specimens drawn at 11 :00 p.m. have some- 
what shorter times than those in midaftemoon but are longer than momine 
tests (Table VIII). 


Table TUT. Diurnal Variation- (Maltind Thromboplastin') (Time in Seconds) 


CASE 

8:30 a.m. 

10:30 a.m. 

3:00 p.m. 

11:00 P.M. 

i 

14.5 

15.0 

15.5 

15.1 

2 

15.5 

16.0 

16.5 

16 ° 

3 

15.3 

15.2 

16.2 

15 3 

4 

15.2 

15.2 

16.S 

In Q 

5 

15.G 

15.G 

18.0 

17 i 

G 

15.2 

1G.2 

17.2 

16.2 

Average 

15.2 

15.5 

16.7 

16.0 

Meate at: 

S :40 A.M., 11:45 

A.M., and 5:00 p.m. 





For maximum accuracy it is advisable to take blood samples at the same 
time each day. . It may well he that patients on dicumarol show even wider 
diurnal fluctuations, but this is impossible to demonstrate, as anv such charm e 
would be obscured by fluctuations in levels due to the action of the dru- itself 
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TYPE OK MEAT. 


TIME OK SPECIMEN 


PltOTlIItOMIlI.V TIME (SECONDS) 


PATIENT PATIENT PATIENT 

12 3 



•Homolyzod blood. 

It may he that the degree of lipcmia of the Wood following meals may 
account for a slight diurnal variation. Pohle and Stewart, 0 using the Quick 
method, found a shortening of times after a meal heavy with fat. We have 
not been able to show any difference in the undiluted times on Woods taken 

(1) two hours after an average breakfast containing 20 to 30 6m. of fat and 

(2) those taken before and two hours after a breakfast containing 50 Gm. of 
fat (Table IX). 

Variations in ilic Running of the Prothrombin Test (Quick Method or 
Brambcl Modification ). — 

Water Bath Temperature: As shown in Tables X and XI, no great error 
is introduced if the temperature of the water bath is changed from 35 to 40° 
Centigrade. 

Table X. Effect of Temperature Chance of "Water Bath on Prothrombin Times 
(Brambcl Technique and Tiirombopiastin Prepared in Our. Laboratory) 

(Time in Seconds) 


12.5% saline dilution 



Table XI. Effect of Temperature Change in Water Bath (Link-Suaitro Technique 
With Maltine Thromboplastin) (Time in Seconds) 


12.5% SALINE DILUTION 


CASE 


2 I 3 | 4 



Table XII 

(Prothrombin Time in Seconds) 


tilt tube 
method 
2L9 
15.7 

24.9 

15.9 
24.5 

27.2 

15.3 

15.0 

16.1 
25.2 


WIRE LOOP 
METHOD 

2L6 

16.1 

24.0 

16.7 

24.9 

26.5 
15.2 

14.5 

15.5 
24.4 
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The same lack of variation in times with changes in temperature of the 
water bath is also found when the Link-Shapiro method is used with maltine 
thromboplastin. 

Use of Tilt Tube or Wire Loop Method : Some workers determine the time 
of clotting by passing a thin wire loop through the solution and noting when 
the fibrin first adheres to the wire. We have run parallel determinations on 
the same plasmas using this wire method and the tilt-tube technique. No 
consistent difference is apparent in the results shown in Table XII. 

Order of Mixing Reagents: There is another variation in the running of 
the test that does alter the results. In the Link-Shapiro method the calcium 
chloride and thromboplastin are first mixed together and finally 0.10 c.c. of 
plasma is added just as the stop watch is started. In the Quick and Brambel 
methods the thromboplastin and plasma are first mixed and the calcium chloride 
is added last. We have found that this minor change in technique will give a con- 
sistent difference in results. "When the calcium chloride is first mixed with 
thromboplastin and the plasma is added last, the times are shorter than when 
there is premixing of plasma and thromboplastin with a final addition of cal- 
cium chloride. The results of the two methods run on twelve consecutive 
plasmas are shown in Fig. 5. Both methods give reproducible times, but it is 
apparent that the same technique must be consistently followed. 


100 



0 - 

Case 1 £ _ 3 4 5 6 7 8 9 10 H YL 

□ CaCl z - l hromboplastin premixed 
■ Thromboplastin' plasma premixed 


Fie. 5.— Effect of changing the order of mixing the reagents. 






. , Abn0rr r 1 fl ' ulin " s eannot be properly evaluated until the ranee of norm 
is known. Too few data have been published on normal prothrombin times 
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Table XIII. Repeated Determination's on Four. Normal Men and Women 


CASE 

SEX 

NUMBER OK 
DETER- 
MINATIONS 

UN-dilute 

DILUTE 

MEAN 

| S.H. | 

( range) 

MEAN 

(S.D.) 

| RANGE 

i 

M 

o 

17.1 

± .3 

1G.G to 37.G 

77 

±7 

GO to 101 

2 

M 

n 

17.3 

± .7 

mi tois.o 

01 

+8 

74 to 120 

3 

F 

to 

17.0 

± .5 

13.8 (o 17.5 

71 

±2 

G7 to 74 

4 

F 

10 

17.1 

±0.3 

1G.0 to 17.5 

73 

±8 

GGto 00 


measured by the various methods, and care must he taken lest times he reported 
as “abnormal” when they really come within normal range. 

The figures in Table XI II will serve to show the variations possible in this 
method in a group of healthy individuals. Tests were done on two normal men 
and two normal women at various intervals over a period of several weeks, 
The maximum range in the undiluted test was 2.5 seconds and in the 12.5 per 
cent saline dilution 46 seconds. 

In Table XIV are shown the variations in times obtained in a group of 
ninety-three normal people, fifty-eight women and thirty-five men. Most of 
these were nurses and medical students between the ages of 20 and 30 years 
of age. Three different batches of thromboplastin were used. It will be noted 
that while the standard deviation for the undilute plasma is only 0.6 seconds, 
the range of normal is three seconds. Dilute times are much less consistent, 
with a standard deviation of ten seconds and a range of normal from 56 to 
115 seconds. Therefore, moderate variations in the dilute times, as obtained 
by this method, are of doubtful significance. Work now in progress leads us 
to believe that the practice of diluting the plasma to 12.5 per cent with saline, 
as is advocated by those using the “dilute method,” leads to the introduction 
of uncontrolled variables and gives inaccurate results. As a matter of fact, 
the use of saline in making a dilution curve is probably not. entirely sound. 

Table XIV. Range of Normal in IIealtiiy Individuals 
(Ninety-three Normal Individuals) 

_____ 


THROMBO- 

PLASTIN 

MEN 

■WOMEN TOTAL 

MEAN 

UNPILUTE 

(S.D.) 

RANGE 

DILUTE 
MEAN (S.V.) 

range 

A 

5 

12 

17 

17.2 

+.7 

13.4 to 18.0 

S3 

±17 

Cl to llu 

B 

2 

9 

11 

17.4 

±.0 

1G.9 to 1S.3 

74 

±12 

G3 to 90 

c 

51 

14 

65 

17.2 

±.0 

1G.3 to 1S.4 

74 

± 8 

5G to 102 

Over-all total 

58 

35 

93 

17.2 

+.0 

15.4 to 1S.4 

7G 


56 to 115 


SUMMARY 

1. The prothrombin test as devised by Quick and modified by Brambel 
* has been reviewed in detail and the effect of certain variables examined. These 
include observations on: 

(a) The stability of thromboplastin in solution and the dry state 

(b) The effect of changing the molarity of the CaCl a solution 
(e) The effect of hemolysis and clotting of the blood samples 

(d) The effect of various temperatures on the plasma prothrombin stability 
■ (e) The effect of changing the order of mixing the reagents 
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(f) The effect of meals and time of day on resulting times 

(g) The effect of water hath temperature in running the test 

2. The bloods of ninety-three normal persons were tested for prothrombin 
content. According to the method described, the following values were obtained : 

(a) Mean time for undilute plasma was 17.2 seconds with a standard 
deviation of 0.6 seconds and a range of from 15.4 to 18.4 seconds. 

(b) Mean time for 12.5 per cent saline dilution of plasma was 76 seconds 
with a standard deviation of 10 and a range of 56 to 115 seconds. 

3. Repeated tests were made on the same normals and mean standard 
deviation and range were computed for dilute and undilute specimens. 

The authors wish to express their appreciation to Dr. Joseph M. Hayman, Jr., for his 
many helpful suggestions in the preparation of the manuscript. 
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A METHOD FOR COUNTING BACTERIA IN THE NASAL CAVITY 

Application of tiie Method in Demonstrating the Action or 
Intranasal Penicillin Administration 

Thomas C. Grubb and Bruno Puetzer 
Flushing, N. Y. 

INTRODUCTION 

T HE usual method of studying tiic types of bacteria in the nasal cavity is 
to insert a sterile cotton swab and culture it in liquid or solid media. Such 
a procedure is satisfactory for a qualitative examination of the nasal flora, as 
in the diagnosis of diphtheria or other nasal infections, but is totally inadequate 
for an estimation of the number of bacteria present. 

The reasons for the inadequacy of this method for quantitative purposes 
become readily apparent from the following points of discussion. It is known 
(Thomson and Thomson 1 ), and we have confirmed the fact, that the vestibule of 
the nostril is colonized with a great number of bacteria, usually air-borne 
saprophytes, which may contaminate the swab as it is inserted or withdrawn 
and thus distort the true picture of the types and number of bacteria found 
within the nasal cavity. The sine qua non of making a quantitative estimate 
of the number of bacteria from a given liquid or surface at repeated intervals 
for comparative purposes is the use of a precisely uniform sampling method; 
this appears to be virtually impossible when inserting a swab into the nasal cavity 
at repeated intervals. Abnormalities in the topography of the nasal cavity often 
render manj r areas inaccessible to the swab. It is entirely possible that nasal 
bacteria are not uniformly distributed over portions of the cavity which are 
accessible to the swab. Differences in pressure when inserting the swab may 
also account for variations in the number of bacteria that are recovered on 
the swab. All of the bacteria removed by the swab may not be dislodged when 
it is cultured, especially on a solid medium. These few considerations indicate 
some of the probable causes why the swab method, which we have tested 
extensively, is unsatisfactory for obtaining a reliable count of the number of 
bacteria in the nasal cavity. 

Recently, Hamburger and co-workers 2 - 8 have devised novel methods for 
obtaining an estimate of the number of streptococci in the nasal cavity. These 
consist either of having the subject blow his nose on a sterile cloth which 
is subsequently cultured in toto and the number of streptococci determined 
by plate counts of the sample or of pinning a cloth patch to the bed in which 
the subject sleeps and determining the number of streptococci adhering to 
the cloth. While both of these methods gave useful information in these 
workers’ experiments, they were admittedly crude and the results were sub- 
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ject to considerable variation. So far as we are aware, no other method has 
been published which gives more reliable knowledge of the number of bacteria 
in the nasal cavity than those previously mentioned. 

In determining the efficacy of intranasallv instilled antibacterial agents, 
it is obviously necessary to employ a method of sampling the nasal flora which 
will give reasonably reliable and consistent results. For this purpose a simple 
sampling device and procedure have been developed which are believed to give 
more reliable quantitative results in obtaining a count of the nasal bacteria 
than any other procedure thus far recorded in the literature. A description 
of this sampling device, recommended procedure in sampling, and results 
obtained are reported in this paper. 

SAMPLING DEVICE AND PROCEDURE 

The construction of the sampling device which can be readily prepared in 
most laboratories is shown in Fig. 1. It consists of a test tube 13 by 2.5 cm. 
with the closed end drawn out to a diameter of 0.5 cm. and cut off. This end 
of the tube is connected to a glass nasal “olive” by a p : eee of rubber tulrng 
20 cm. in length. The opening in the nasal olive measures 1 cm. in diameter 
at the end inserted into the nostril, 2 cm. at the bulge, and 0.5 cm. at the 
end connected to the rubber tubing. Variations in these dimensions can be 
made, of course, but we have found this size satisfactory. The open end of 
the test tube is plugged with cotton, the nasal olive wrapped in paper, and 
the entire device sterilized in the autoclave. 

In using the sampling device, 20 c.c. of sterile broth or Ringer's solution 
(the latter being preferred since it is less objectionable to most subjects) are 
pipetted aseptieally into the test tube and the cotton plug replaced. The paper 
is removed from the olive which is inserted tightly into one nostril with one 
hand while the test tube is held with the other hand. The head is bent slightly 
forward and the subject slowly raises the tube, as shown in Fig. 2, until he 
feels the solution just beginning to trickle .down into the throat. At this point 
he lowers the tube which siphons the solution back into the test tube. Tivs 
process is repeated two times to insure a thorough washing of the nasal cavity. 

The nasal washings thus obtained are run through the nasal olive into 
a sterile, empty, rubber-stoppered 100 c.c. dilution bottle (French square type) 
which is shaken twenty-five times to disintegrate clumps of organisms. One 
cubic centimeter of this suspension as v eil as 1 c.c. of 1 :10 and 1 :100 dilutions 
are plated in blood agar to determine the total number of bacteria per cubic 
centimeter of the nasal washings. Many variations of this sampling procedure 
suggest themselves, and we have tested the following: (1) Making five suc- 
cessive washings at five-minute internals with fresh solutions each time and 
plating each washing individually; (2) making three successive washings and 
combining the washings before plating: (3) washing both nostrils and comb'n- 
ing the washings; and (4) making washings in the morning and afternoon or 
nnU ' ,l - same day. 
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As a result of these preliminary trials, the following procedure was chosen 
finally as giving the most reliable results for testing the antibacterial action of 
intranasally instilled agents. In order to determine the average daily normal 
count for control purposes, at the same time each day for a week or more pre- 
ceding the nse of the agent, a sample is obtained from each subject as follows: 
The nasal olive is inserted into one nostril and the irrigating solution allowed 
to flow in and out of the nasal cavity twice; then the olive is inserted into the 
other nostril and the process repeated. Two additional sampling devices, each 
filled with 20 c.c. of solution, are used successively in the same way. All 
three washings (60 c.e.) are then pooled, shaken, and cultured as described 
previously. 



Fie- i. Fig. 2. 

Fig. 1. — Sampling device for Irrigating tlie nasal cavity. 

Fig. 2. — Showing the position of the sampling device for irrigation of the nasal entity. 


During the following week the antibacterial agent is applied in accordance 
with the requirements of the experiment and nasal washings are carried out at 
the same time of day as the preceding week. The next week no intranasal 
applications are made and washings are continued at the usual time. 

RESULTS 

To illustrate the degree of variation which may be expected when daily 
counts are made on healthy subjects without the application of an effective 
intranasal agent, the following procotol is typical of many of our experiments 
(Table I). 

It will be noted that while there are wide daily variations in the 
counts, within certain limits the subjects tend to remain in high (Subjects C 
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Table I. Nasal Bacteria Counts on Healthy Subjects; Number or Bacteria 
Per Cubic Centimeter of Nasal Washings 


DATE 

A 

I B 

4/29 

360 

900 



2,000 

5/1 

70 

SCO 

5/2 

90 

260 

5/3 

90 

320 

5/6 

1,4S0 

520 

5/7 

490 

630 

5/S 

220 

1,300 

5/9 

S40 


5/10 

530 

Wmmm 

Average 

497 

S62 


— , Subject not available. 
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table n. Nasal Bacteria Counts on Healthy Subjects Before, During, and After 
Penicillin Administration; Number of Bacterla Per Cubic Centimeter of 

Nasal Washings 


DATE 

SUBJECT 

A | 

B 

1 E 1 

F 

G 

Control period 

3/5 

1,200 


iX£fti!lX£ 

1S5 



3/6 

560 

310 

— 

172 



3/7 

12S 


IBXiiH 


1,100 


3/S 

236 

720 

y4; 




Aierage 

531 

505 

44,366 

244 

5,075 

Penicillin administration 

3/11 

52 



12 

96 


3/12 

6 

4 


5 

IS 


3/13 



324 

i 

12 


3/14 




0 

S 


3/15 

3 

9 

195 

3 

— 


Average 

12 

17 

271 

4 

33 

Control period 

3/1S 

3 

26 

— 

1 

47 


3/19 


4S 

— 

2 

— 


3/20 



— 


4S0 


3/21 

O 

65 

— 

22 

6S 


3/22 

IS 


— 

— 

1,12S 


Average 

4 

149 


14 

430 


— , Subject not available. 


and E), medium (Subjects A and B), or low (Subject D) count groups. Be- 
cause of this great variation in normal counts, an intranasally applied anti- 
bacterial agent must show a very marked reduction in the counts before its 
effectiveness can be proven statistically. That such a reduction can be achieved 
is shown by the results in Table II. when the subjects received nose drops 
containing 500 units of penicillin per cubic centimeter six times daily at 
hourly intervals and nasal washings were carried out forty to sixty minutes 
after the last application of penicillin. The washings from three subjects 
were seeded with a known concentration of penicillin-susceptible Staphylo- 
coccus nnrcns organisms and plated in the usual way. These plates did not 
show any reduction in counts when compared with the control Staph, aureus 
cultures; hence, it is concluded that a carry over of significant amounts of 
penicillin into the plates did not occur. 
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There appears to be no doubt that the application of penicillin nose drops 
produced a marked reduction in the number of nasal bacteria recovered from 
healthy subjects. In addition, the repressive effect of penicillin seems to persist 
for a number of days after use. It is interesting to note that Subject E failed 
to show as low a total count during the penicillin applications as the other 
subjects. The fact that most of the organisms cultured during this period from 
the subject were gram-negative, nonsporulating bacilli probably explains this 
finding. 

DISCUSSION 

Since the number of bacteria in the nasal cavity probably fluctuates from 
day to day, the ideal procedure would be to make a control count in the morning, 
apply the antibacterial agent throughout the day, and make a second count 
in the late afternoon or evening. However, when this was tried it was found 
that the morning irrigation alone produced such a marked reduction in the 
afternoon counts that it was difficult to interpret the effectiveness of an anti- 
bacterial agent tested by this procedure. ITencc, it appeared necessary to make 
nasal counts for a week or more before the experiment to obtain an average 
normal count; then apply the antibacterial agent and compare the counts 
obtained. As a further cheek, counts should he made for a week or longer 
after use of the antibacterial agent is discontinued ; if the counts tend to return 
to the normal level after a reduction during use of the antibacterial agent, it 
is a strong indication that the agent has been effective. No experiment should 
he considered satisfactory unless it can be shown that the antibacterial agent 
is not carried over in the washings in sufficient concentration to exert a bacterio- 
static action in the culture plates. 

During the trials noth five successive washings it was discovered that 
the first washing removed very few bacteria, while the successive washings 
removed increasingly more bacteria until a point was reached where further 
washings showed a progress! vely diminishing count. Thus, it is essential 
that each sample consist of at least three separate washings if the most reliable 
count is to be obtained. 

It is believed that the method described in tins report for obtaining 
a quantitative count of the number of bacteria in the nasal cavity offers a 
reasonably reliable tool in determining the antibacterial action of intranasal 
agents. It is obvious also that this method may be used for a qualitative 
as well as a quantitative study of the nasal flora ; that is, a differential count 
of the various types of bacteria may be made when the blood agar plates are 
examined. The procedure does not pretend to count all of the bacteria in 
the nasal cavity, since the irrigating solution obviously does not reach all 
portions of the cavity, but it appears to produce a representative sample of 
tile flora, by washing out approximately the same area of the cavity on 
repeated irrigations. Variations in counts may be expected due to leakage 
around the nasal olive and spilling over into the throat, but in our experience 
subjects soon learn to avoid these losses after a little practice and the nasal 
counts become correspondingly more reliable. 
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Finally, it should be emphasized that the reduction in nasal bacteria 
of healthy subjects by penicillin reported in this paper does not constitute 
a direct or implied indication that penicillin is of value in the prevention, treat- 
ment, or cure of nasal or other respiratory infections. 

SUMMARY 

A simple sampling device for washing the nasal cavity with saline or 
broth is described. 

A recommended procedure for using the sampling device to determine the 
number and types of nasal bacteria is outlined. 

The effectiveness of penicillin nose drops in reducing the number of 
nasal bacteria in healthy subjects, as indicated by the results obtained with 
the sampling device, is described. 
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A MODIFIED TECHNIQUE FOE THE DIFFERENTIATION OF 
PNEUMOCOCCI FROM ALPHA HEMOLYTIC STREPTOCOCCI 
USING SODIUM DESOXYCHOLATE 

Robert P. Cutler, M.D.* and William L. Winters, M.D.i 

Chicago, III. 

With the Technical Assistance of Katherine P. Simpson, B.S. 

T HE differentiation of the pneumococcus from tiie alpha hemolytic strepto- 
coccus often is impossible on a purely morphologic basis. At present, the 
chief means of differentiating these two organisms are the time-honored bile 
solubility test and the results obtained from typing with Ncufeld type-specific 
sera. Today, this latter method often is time consuming because so many pa- 
tients have had sulfonamide therapy by the time they enter the hospital. Thus, 
the suspect pneumococci in sputum often will not type unless passed through one 
or two mice in order to relieve the organisms of the sulfonamide effects. There- 
fore, in the large percentage of cases, the bile solubility test has offered the 
most practical means of differentiation. 

Since NeufcldV discovery in 1900 that the pneumococcus was soluble in 
whole bile, many investigators have described various substances and numerous 
methods by which this organism may be dissolved. By 1907 the pneumococcus 
was first distinguished by its bile solubility; it was at this time that Nicolle and 
Adil-Bey- recognized that bile salts (sodium cholate and sodium cholcate) were 
more effective than whole bile. Though Dochez and Gillespie 3 apparently found 
a true bile-insoluble strain of pneumococcus, according to White and associates 4 
Mail* states: "Different strains of pneumococcus show varying sensitiveness to 
the action of bile, just as they vary in the readiness with which they undergo 
autolysis in culture; but with a satisfactory technique one is seldom in doubt 
as to whether a particular strain should be classed as bile soluble or not, and 
strains which have been kept on culture media for long periods retain the prop- 
erty.” A thorough review of the literature pertinent to this subject is given by 
White and associates. 4 

Liefson’s 5 modification of the bile solubility test proved unsuccessful in our 
hands. The purpose of this paper is to present what we believe to be a faster 
and simpler test, which has proved to he accurate. This test, requiring little 
equipment, is suitable for the laboratory of the intern or for the general hospital. 

METHOD 

Equipment . — The equipment, as illustrated in Fig. 1, includes the following: 

1. Fresh solution of 10 per cent sodium desoxycholate, pH 7.4. 

2. Platinum wire loop. 

From The Robert Bruce Preble Laboratory. Cook County Hospital, under the direction 
of the Department of Medicine, Northwestern University Medical School. 
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3. Microscope witli oil immersion lens and immersion oil. 

4. Bunsen burner. 

5. Two glass microscope slides. 

G. Distilled water. 

7. Gram stain equipment. 

Technique . — The test, to be done at a temperature not above 50° C., consists of the 
following steps: 

1. To four drops of fresh 10 per cent sodium desoxycholate on the first glass slide (I) 
add two medium-sized loopsful of the material containing the organism to be tested (washed 
sputum, broth suspension of the organism, or colonies from agar plate). Allow the slide 
to stand for ten minutes and shake gently occasionally. 

2. On one-half of the second glass slide (II) make a direct smear from the original 
material as a control (C). 

3. After ten minutes, to one drop of distilled water on the other half of the second 
glass slide (II), add one loopful of material from the mixture of the first glass slide as the 
test (T). 

4. Dry this second glass slide (preferably on a warm ring stand), Gram stain, and 
compare the control smear with the test smear under oil immersion. The absence 
on the test smear of gram-positive encapsulated organisms, such as are present on the con- 
trol smear, indicates a positive test. The presence of such organisms on both test and con- 
trol smears indicates a negative test; in other words, the organisms tested are not pneumo- 
cocci. 



Q O 


Control Test 
F'ff- 1- — Diagram of procedure. 
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was only partial solution o£ the pneumococci with our method. Using Liefson’s 
technique we found complete solubility in one ease and no appreciable solubility 
in the others. 

As a means of checking our technique, we compared its results with those 
obtained by the standard macroscopic method described by Kolmer and Boomer 5 
in a series of twenty- five different types of pneumococci in pure culture. Com- 
plete solubility occurred bj r both methods in all the types tested. 

Repeated success with our method during the year in a series of over 200 
cases, and covering more than 500 separate tests, constitutes further indication 
of its accuracy. In no instance in seventy-seven eases of known streptococcal in- 
fections tested have wc ever dissolved the alpha, beta, or gamma streptococci 
by this method. 


TYPE 

s.s. ii hi iv xii viii xii xii ii i xiv ii xii ii in_ 

CASE 110. 

19 25 26 27 32 41 74 75 78 79 85 77 89 92 9 4_ 

COMPLETE 


SOLUBILITY 

/ A L 

PARTIAL 

SOLUBILITY 

— mm 

HO APPRECIABLE 

SOLUBILITY 

wmmmm 


Fig 1 . 2 — Llefson’a method. , Slide method. 0. "Quellung shadows observed 

with the addition of type-specldc serum. •, "Quel lung shadows” and also ordinary Quellun,, 
Phenomenon” observed with the addition of type-specific serum. G. S., Gamma streptococcus, 
roman numerals refer to pneumococcus types. 


In the course of this work the observation was made that if the test (T) 
was not allowed to dry, but instead type-specific serum was added directly 1o 
the moist preparation, the presence of enlarged capsules or “Qucllung shadows” 
were noted eight times in Liefson’s test and three times in our test in the rep- 
resentative series (Fig. 2). The bodies of the organisms were apparently dis- 
solved by the bile salt and the capsules remained intact. The intact capsules 
were invisible until type-specific serum was used and the test was examined 
under oil immersion with a dull light; the capsules appeared translucent and 
took no stain, whereas the body, or normally staining portion, was absent. 

COMMENT 

In a study of twenty-seven pneumococcal infections, 77 streptococcal infec- 
tions, and 11 miscellaneous infections, the slide test described in this report 
served as an accurate method of identifying pneumococci in spinal fluid, washed 
sputum, and in either pure or mixed cultures grown on blood or proteose agar 
media. In the latter instance, when the contaminating organisms were alpha 
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hemolytic streptococci, we found that the addition of the six groups of Neufeld 
typing sera served to identify the pneumococci by “Quellung shadows” and the 
alpha hemolytic streptococci as undissolved intact organisms. 

The presence of the "Quellung shadows” suggests that proteolysis occurs 
in the presence of excess sodium desoxycholate. Goebel and Avery 7 have shown 
that autolysis is accompanied by proteolysis and lipolysis, whereas sodium 
desoxycholate, in excess, inhibits the action of pneumococcal protease, but not 
lipase. These authors, however, found that pneumococcus is dissolved in the 
presence of an excess of the bile salt and concluded that bile solubility is prob- 
ably not identical with autolysis. We also found that the body of the organism 
is dissolved even though the protease is apparently inhibited in the presence 
of excess sodium desoxycholate. Further, we found an apparent resistance at 
times of the carbohydrate or capsular portion of the pneumococcus to the action 
of excess sodium desoxycholate as was clearly shown by the "Quellung shadow” 
phenomenon. 

SUMMARY 

1. A simple modification of the bile solubility test is described. 

2. The presence of the "Quellung shadows” in bile-tested material from 
mixed cultures is suggested as a further aid in the differentiation between 
pneumococci and alpha hemolytic streptococci. 

3. The significance of the "Quellung shadows” is discussed. 
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A SIMPLE APPARATUS FOR CULTURING NEISSERIA GONORRHEA 
UNDER PARTIAL CARBON DIOXIDE TENSION 


Clarence W. Nichols, .Ik. 
Berkeley, Calif. 


A N EVER-INCREASING demand for (he isolation and identification of 
Neisseria gonorrhea by culture methods, not only as an aid to diagnosis, 
but also as a criterion for cure of both male and female patients following chemo- 
therapy, makes it desirable that a simple apparatus for culturing gonococci he 
made available.® 

The following simple apparatus has been devised to meet this demand and 
has proved to be readily applicable for routine gonococcus culture methods. 

The apparatus consists of a standard laboratory desiccator (Schcibler typo, 
150 mm.), having an approximate capacity of 2,500 c.c. and a plexiglass Petri 
dish holder, so constructed to accommodate either a medicine dosage glass or 
a porcelain crucible as a reaction vessel for the production of carbon dioxide 
by the action of dilute IIC1 with sodium bicarbonate. 

The Petri dish holder (Fig. 1) is constructed from the ordinary plastic, 
plexiglass (Vi inch thickness), and the component parts of the holder (top, base, 
and three supports) are cemented together with an adhesive made by dissolving 
plastic shavings in acetone. Increased rigidity of the culture plate holder is ac- 
complished by dovetailing the supports at the top and base. Since the culture 
plate holder fits snugly in the desiccator, a series of holes (0.4 cm.) are drilled 
in the fop and base plates to insure adequate circulation of C0 2 throughout the 
desiccator. Sufficient CO = tension is produced by the addition of 3 or 4 c.c. of 
10 per cent HC1 to approximately 1 Gm. of sodium bicarbonate. 

The following procedure is employed in preparing the apparatus for in- 
cubation. After the culture plates have been inoculated, they arc placed in the 
culture plate holder, which is then introduced into the desiccator. The reaction 
vessel containing the sodium bicarbonate (Fig. 2, A) is placed in the round 
opening on the top plate of the culture dish holder. The lid of the desiccator is 
tightly sealed in place, leaving the stopcock open. Dilute HC1 is then delivered 
until a 5 c.c. diluting pipette through the open stopcock into the reacting vessel. 
The stopcock is immediately closed and the entire apparatus is placed in a 
bacteriologic incubator for the desired length of incubation at 37° ccntrigrade. 

The advantages of an all-glass culture apparatus, plus the noncorrosive 
plexiglass culture plate holder, are obvious when one remembers the disagree- 
able features of using a copper Petri dish holder utilizing a burning candle for 
the production of carbon dioxide. The previously described apparatus can easily 
be cleaned and sterilized after each incubation period. If additional moisture is 
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Fig. 1. — Plexiglass Petri dish holder, with a 3.3 cm. hole in the top plate to accommodate 
either a medicine dosage glass or porcelain crucible as a reaction vessel for the production of 
carbon dioxide. 
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necessary to safeguard against dehydration of the culture media during incuba- 
tion, a very small amount of water can be placed on the floor of the desiccator 
before the culture plate holder is introduced into the desiccator. 

The apparatus has been used by the author for more than one year and 
found satisfactory for routine gonococci cultures, using either chocolate-agar 
(Difeo) or Peizer media. 

summary 

A simple apparatus for culturing Neisseria gonorrhea under partial carbon 
dioxide tension is described. It has been found to be adequate for the culture of 
gonococci as an aid to diagnosis. 



A TEST FLUID FOR CONTROL OF THE GOLD REACTION 


Caul Lange, M.D. 
Albany, N. Y. 


C ORRECT results in tlie colloidal gold test depend primarily upon two physi- 
cochemical factors 1 : the first is the pH of the milieu, 2 which is optimal at 
7.4, and the second is the sensitivity (dispersity) of the gold sol, which should be 
controlled by use of a photoelectric colorimeter. 3 A test fluid is required as an 
additional safeguard to demonstrate that optimal conditions have been secured. 

Such a test fluid may be prepared by pooling approximately equal amounts 
of twenty or more normal sera. Specimens that are chylous or otherwise ab- 
normal in appearance, or that react in the complement-fixation test for syph- 
ilis, are excluded. Additional criteria for the “normality” of the sera are not 
used. Exactly 5 ml. of the pooled sera are diluted with phosphate buffer, pH 
7.4, 4 in a 250 ml. volumetric flask. Fifty milliliters of this solution are diluted 
with 50 ml. of glycerol, the final dilution being 1 -.100. The fluid is kept in the 
refrigerator and is freslily prepared each month. One-tenth milliliter is tested 
in duplicate every working day in the same manner as a specimen of cerebro- 
spinal fluid. 

The test fluid when satisfactory yields a uniformly standard curve charac- 
terized by three factors: (1) The degree of coagulation, determined by the gold 
color standard, is 6 in the first or 1 :15 dilution ; (2) the maximum reaction, 15, 
occurs in dilution 1:114; and (3) the sum of the ten numerical color values is 
between 95 and 100. The exact reproducibility of the test fluid was demon- 
strated by testing ten different serum pools at one time with the same reagents. 
The results were identical with reference to the three factors mentioned. The 
negligible deviations in other dilutions, particularly in the postzone, are not due 
to differences of the test fluid but to inevitable slight inaccuracies of pipetting. 
To obtain such results, the dilution of the serum pool (1:100) must be exact. 
Experience has shown that on rare occasions an abnormal serum that has been 
inadvertently included may spoil a pool. 

The standard curve is the final criterion of the suitability of the test fluid 
and other reagents and particularly of the gold color standard. In fact, it pro- 
vides a rigorous control of the test as a whole. Deviations from the standard 
curve indicate that a reagent is unsatisfactory. The source of the deviation is 
determined by replacing one reagent at a time, which can be done easily if a set 
of reagents known to be satisfactory is available. For example, if a new buffer 
is substituted and the test fluid does not give the standard curve, the new buffer 
solution is evidently at fault. 

Use of the test fluid is illustrated in Table I. In the first four items 
in which the colloidal gold solutions are of satisfactory sensitivity as indicated 
by the turbidimetric value, the pH of the milieu is 7.4 by potentiometric de- 
termination and the buffer is of satisfactory pH and molar concentration. The 
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•Citrate gold 1 :10,QQ0 3 was used. 

tThe routine phosphate buffer pH 7.1 was used except in the case of Nos. G. and 7 in which phthaiatc buffer pTI 
6.4, respectively, were used. 

IThe A indicates the location nf the maximum reaction in nrezono curves. 
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findings obtained are almost identical, although the gold sols were prepared on 
different days and different test fluids were used. When the pH of the milieu 
is more acid than 7.4, the results vary markedly from those obtained when the 
pH is maintained at 7.4, as in items 5, 6, and 7. When the molar concentration 
of the buffer is incorrect (item S), the results again show clearly that a mis- 
take has been made. The pH and the molar concentration are controlled simul- 
taneously by the test fluid, which is not possible by potentiometric determina- 
tion. 

In items 9 and 10, citrate gold sols 1:10,000 prepared with impure 
distilled water were used. The turbidity and sensitivity of these sols were ab- 
normally low. Below a certain limit, abnormality is clearly demonstrable by 
the test fluid. In both Nos. 9 and 10, the degree of coagulation in the 
prezone is abnormal; in No. 10, even the location of the maximum is shifted 
and the sum total is markedly decreased. 

Two controls for particle size and reproducibility of the test as a whole 
(turbidimetric determinations and use of a test fluid) are recommended. A 
gold sol having an abnormal particle size can be detected by turbidimetry. Such 
findings indicate the use of impure distilled water. The test fluid, however, 
shows in detail the type and degree of deviation from the standard reaction. 


OTHER TEST FLUIDS 


Before pools of normal sera were found to provide a satisfactory test fluid, 
the value of other types of fluid was studied as follows: 

1. Four cerebrospinal fluids of different protein patterns (types A, B, C, 
and D), preserved by adding equal amounts of glycerol, were used. If the pH 
and the sensitivity were correctly adjusted, reproducible results were obtained. 
It was difficult, however, to obtain four suitable fluids for the purpose, and when 
a satisfactory specimen was obtained, only a small amount was available. 

2. Use of cerebrospinal fluids from patients with paresis 6 is unsatisfactory. 
Only test fluids yielding a prezone curve, such as types B or C* can demonstrate 
that a false D (paretic) curve- has been obtained if the pH is too acid. 

3. Purified globulin fractions yield either plateau (D) or prezone (B or C) 
curves. Even if the pH of the milieu is maintained at 7.4, test fluids giving a 
plateau (paretic or type D) curve are inadequate. A solution of 20 mg. per 
100 ml. of gamma globulin was found to yield the same plateau or first-zone 
curve as a specimen of cerebrospinal fluid from a paretic. A plateau of 
complete coagulation was obtained with both, up to a final dilution of 1 :320. A 
solution of 10 mg. per 100 ml. of globulin gave a plateau of complete coagulation 
in a 1:160 dilution. A solution of 15 mg. per 100 ml., however, could not be 
differentiated by end-point titration from a solution of either 10 or 20 mg. per 
100 ml. Hence, test fluids that yield a plateau curve, besides being inadequate 
as a control of the pH. provide only a rough control in the quantitative adjust- 
ment or sensitivity. 


‘Classification of curves obtained in the colloidal gold test- A nhtain^ _ , 

cerebrospinal fluid; B. formerly designated as second zone or svnhllitic - r normal 

lWrd zone - ° r meningitic: D, formed debated a°s SVg 
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4. Edeslin, 7 widely used as a test fluid, yields a first-zone curve and in some 
respects is even inferior to gamma globulin. 

5. Pseudoglobulin obtained from normal horse scrum by repeated fraction- 
ation, between 33 and 45 per cent saturation with ammonium sulfate, produces 
a prezone curve. It provides a highly satisfactory control on quantitative and 
qualitative reproducibility of the gold reaction. Its preparation is somewhat 
complicated, however, and the reproducibility of the test fluid itself is unsatis- 
factory. 

SUMMARY 

A test fluid prepared from pools of normal sera for use as a control in the 
colloidal gold test is described. The fluid is simple to prepare and reproducible. 
The procedure recommended permits identical results to be obtained in different 
laboratories and is a stop forward in standardization of the gold reaction. 
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IN HONOR OF DR. HAL DOWNEY 


TV /r Y FRIEND, Professor Hal Downey, retired last June from active duty on 
M. the teaching faculty of the University of Minnesota. This event prompte 
former students and associates to dedicate this issue of the Jourxalof Labora- 
tory akd Clixical Medicixe to him as a mark of esteem and gratitude. T . 

asked me to join them in this token of respect. - . 

I am one of the few survivors of the old school of nonelnneal hemato ogy 
and had the privilege of working with Dr. Downey when he visited Europe m 
1911 with the intention of extending his earlier studies on the blood-forming 
organs of the lower vertebrates (Polyodon in particular) to mammals and man 
He went first to Pappenlieim in Berlin. But Pappenheim s more philosophica 
mind and mode of viewing morphological problems were not entirely to Downey s 
taste So he left Berlin and went to Strassburg to work in my laboratory. The 
equipment there was vers* poor and no technical assistance was available. We 
had only the simplest microscopical techniques with which to tackle the problem 
of the origin of the lymphocytes— which was our goal. 

When Downey left me, I gave up hematology and never returned to it. 
Downey, however, remained faithful to the subject. Acknowledging that the 
clue to* the lymphocyte problem, the relation between lymphoblasts and myelo- 
* blasts, is only approachable through experiment— that is, changing the normal 
environment* of the cells— he decided to study the blood cells under their 


pathological conditions. 

I do not feel qualified to praise Dr. Downey’s achievement in the field of 
clinical hematology" and mnst leave this to more competent persons. But I am 
very proud of having served Dr. Downey as a guide at the beginning of a 
career in which he has become one of the foremost hematologists of our age. 


— Franz Weidenreich. 


Tur. Joct-nai, or Eabokatoey and Clixical Medicine, June, 1947, Vol. 32, Xo. 6 
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AN EVALUATION 01'' ALTERATIONS PRODUCED IN LYMPHOID 
TISSUE BY PITUITARY-ADRENAL CORTICAL SECRETION 


Thomas F. Dougherty and Abraham White 
New Haven, Conn. 

T HE involvement of lymphoid tissue and of lymphocytes in numerous normal 
and pathologic processes is well recognized by pathologists and experi- 
mental investigators. However, the relation of the experimental and pathologic 
findings to the actual function of the lymphocyte has remained obscure. The 
normal physiologic control and function of this ubiquitous tissue has been 
largely speculative. Pcrla and Marmorston,’ in discussing lymphoid tissue, 
ask the following questions: “Why does the mammal possess so large and dif- 
fuse an organ (lymphoid tissue) ? What is the purpose of this mass of lymphoid 
tissue? Why are such large numbers of lymphocytes poured into t lie circulation 
daily, without causing a fluctuation in the lymphocytic count- of the blood? 
Where do the lymphocytes go? What is the function of the lymphocyte?” 

Drinker and Yoffcy* have stated that the only definitely known function of 
lymphoid tissue is the production of lymphocytes. Actually, the origin of the 
lymphocyte is still a matter of controversy among some histologists. The 
multipotcntialily of the lymphocyte has been demonstrated. 3 Lymphocytes may 
he sources of immature cells, which transform to specialized cellular forms when 
the necessity arises, or a reservoir of potential macrophages. However, these 
roles are potentialities of the lymphocyte; the normal functions of the cell 
morphologically identified as a lymphocyte have not been elucidated. 

The constancy in the size of the lymphoid tissue and in the numbers of 
circulating lymphocytes suggest the possibility that the rate of growth of 
lymphocytes and their entry into the circulation may lie under endocrine control. 
It is not unlikely that these processes may be intimately related also to factors 
concerned with the peripheral disposition of lymphocytes. Addison noted an 
increase in lymphoid tissue in his original description of the disease which bears 
his name (quoted by Grollman 5 ). Conversely, numerous investigators have 
found that the secretions of the adrenal cortex have a regulatory effect on the 
size of the thymus. 0 " 12 This paper includes some of the data obtained in studies 
initiated to investigate the hypothesis that pituitary adrcnotrophic hormone 
(adrenotrophin), by its action on the adrenal cortex, influences the size, struc- 
ture, and function of lymphoid tissue. 


EXPERIMENTAL OBSERVATIONS 


Pituitary -Adrenal Cortical Control of Lymphoid Tissue Weight . — The daily 
subcutaneous injection of 1 mg. of adrenotrophin 13 in 0.5 e.e. aqueous solution 


From the Departments of Anatomy and Physiological Chemistry. Vale University. 

The data reported in this paper have been obtained in studies aided by grants from the 
Jostah Macy, Jr?, Foundation and the Fluid Research Fund of Yale University School of 
Medicine. 


584 



ADRENAL CORTICAL SECRETION AND LYMPHOID TISSUE 


585 


into normal CBA mice, 60 to SO days old, resulted in a significant decrease in the 
weight of lymphoid tissue. This decrease was observed as early as fifteen hours 
following injection and persisted throughout the fifteen-day period during which 
the mice were treated 14 (Figs. 1 and 2). The thymus remained smaller than 
other lymphoid structures during the period of study. Although the spleen 
actually increased in weight during the fifteen days of hormone administration, 
this increase was due to the accumulation of large numbers of degenerating 
lymphocytes and to an extensive edema. The Malpighian corpuscles were mark- 
edly decreased in size. The histologie changes in these tissues will be discussed 
later. Adrenotrophin has now been reported to produce similar weight changes 
in lymphoid organs of the rat. 13 

Adrenalectomized mice maintained for eight days by daily, subcutaneous 
injections of 0.025 mg. desoxyeortieosterone acetate in oil (Schering), showed 
marked hyperplasia of all the lymphoid organs studied (Figs. 1 and 2). The 
alterations in lymphoid tissue following adrenalectomy were not influenced by 
desoxyeortieosterone acetate since the maintenance dose of this steroid produced 
no effect on the weight or histology of lymphoid tissue in noimal or adrenalec- 
tomized mice. 16 ’ 17 

Pituitary Control of Adrenal Size and Cholesterol Content. — Repeated daily 
injections of adrenotrophie hormone resulted in the expected increase in weight 
of the adrenals (Fig. 2). The cholesterol content of the adrenals of hormone- 
treated mice varied during the fifteen-day period, depending on the particular 
day the glands were obtained. Whereas a single injection of hormone produces 
an acute decrease in adrenal cholesterol within a few hours after administration 15 
(Fig. 3), repeated daily injections increase the adrenal cholesterol to values 
above normal. 19 

Pituitary-Adrenal Cortical Control of the Numbers of Circulating Lympho- 
cytes. — In the fifteen-day experiments previously described animals were sac- 
rificed in groups at intervals of three days. All of these mice were lulled ap- 
proximately twenty-four hours after the last injection of adrenotrophie hor- 
mone. In addition to weighing the tissues, red and white blood cell counts and 
differential counts were made. Total hemoglobin and whole blood specific gravity 
were also determined. The data are summarized in Table I. - The number of 
circulating lymphocytes in the adrenotrophie hormone-treated mice was sig- 
nificantly lower throughout the fifteen-day period. 20 

Similar studies have been conducted on adrenalectomized mice maintained 
on daily injections of 0.025 mg. desoxyeortieosterone acetate over an eight- 
day period and on adrenalectomized rats given 0.7 per cent sodium chloride and 
0.3 per cent sodium bicarbonate as drinking fluid. These data are presented in 
Tables I and II. In adrenalectomized mice and rats the number of lymphoevtes 
increased significantly. 20 In the rats there was a significant lymphocytosis at six 
days following adrenalectomy, whereas mice had a lymphocytosis twenty-four 
hours after operation. Furthermore, the specific gravity of the whole blood of 
adrenalectomized mice maintained with desoxyeortieosterone did not indicate 
a hemoconcentration sufficient to account for the increased number of Ivmnho- 
cytcs (Table I). The number of circulating lymphocytes in adrenalectomized 
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EFFECT OF ADR0NOTROPIC HORMONE INJECTION AND 
ADRENALECTOMY ON TISSUE WEIGHTS OF THE MOUSE 

Fig-. 1. — The columns represent weights of Paired lymph nodes, adrenals, and testes of 
mice, 60 to SO days old, of the CBA strain (Strong), The control group represents thirty 
mice, and there were twenty-tire mice in each of the experimental series. The ndrenotropmc 
hormone-injected mice were treated dally with 1.0 mg. of hormone for fifteen days; the 
adrenalectomized mice were sacrificed one week after adrenalectomy. 



EFFECT OF ADRENOT ROP/C HORMONE INJECTION AND OF ADRENALECTOMY 
ON TISSUE WEIGHTS OF THE MOUSE 


Fig. 2 Same as Fig. 1. 
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•Values in this tablo nro means and standard errors. 
fP values as compared to controls, 
tTwenty-soven animals. 

SEIi;ht animals. 
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HOURS AFTER INJECTION OF 1.0 MG. ADRENOTROPIC HORMONE 


EFFECT OF ADRENOTROPIC HORMONE ON THE TOTAL 
ADRENAL CHOLESTEROL OF NORMAL MICE 

Fig. 3. 



HOURS AFTER INJECTION OF 1.0 MG. OF ADRENOTROPIC HORMONE 

EFFECT OF ADRENOTROPIC HORMONE ON BLOOD ELEMENTS 
OF NORMAL MICE 

Pig. 4. — Alterations produced in total leucocyte, lymphocyte, and polymorphonuclear cells 
in blood of normal mice receiving at zero time a single subcutaneous Injection of 1.0 mg. of 
pituitary adrenotrophic hormone. The averages at each successive time interval are for groups 
of 99, 3, 3, 7, 7, 7, 6, 7. and 7 animals. 




HOURS AFTER INJECTION OF 5 0 MG. OF ADRENOTROPIC HORMONE 


EFFECT OF ADRENOTROPIC HORMONE ON 
BLOOD ELEMENTS OF NORMAL RATS 

Fig. 5 — Alterations produced in total leucocyte, lymphocj te, and polymorphonuclear cells 
in blood counts o£ normal rats reeen ing at zero time 5 0 mg. of adrenotrophic hormone sub- 
cutaneously. The a\ erases at each successive time interval are for groups of -12, 12, 12, 8, 
and 12 animals 



HOURS AFTER INJECTION OF 10.0 MG. OF ADRENOTROPIC HORMONE 

EFFECT OF ADRENOTROPIC HORMONE ON BLOOD ELEMENTS 
OF NORMAL RABBITS 


cells S^bloSd-^^J.rnoWfSbllS ™ , ‘ C g UC at C ^ro V&To^m^f 
LTand’TammaS- T ” C a ' oraRC ' at " ch *•««* mtcnal are for ^oulToTlS. l i. 
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rats provides further evidence tliat tiie increase in lymphocyte counts in the 
operated mice is not due to henioconeent ration, since the adrenalectomized rats 
had an approximately normal blood volume and yet showed a lymphocytosis 
(Table II). 

Significance of Lymphocyte Counts as an Index of Adrenal Cortical Ac- 
tivity . — The slight, but significant, lymphopenia in mice twenty-four hours 
after the previous injection of adrenotrophin suggested that the numbers of 
circulating lymphocytes might be an index of the level of adrenal cortical ac- 
tivity. On the basis of the adrenal cholesterol analyses shown in Fig. 3, max- 
imum adrenal cortical activity oecuiTed at six hours following a single injec- 
tion of adrenotrophic hormone. Therefore, the blood of mice, rats, rabbits, 
and dogs was studied at intervals shortly following subcutaneous injection of 
this hormone. 



HOURS AFTER (EJECTION OF 1.0 MG. OF 
ADRENOTROPIC HORMONE. 

EFFECT OF ADRENOTROPIC HORMONE ON THE WHITE 
BLOOD CELL COUNTS OF NORMAL ANDOF ADRENALECTOMIZED 
MICE 

Pig. 7. — Alterations produced In the leucocytes of adrenalectomized mice receiving at zero 
time 1.0 mg', of adrenotrophic hormone subcutaneously. The lower chart for normal animals 
is reproduced for comparison. The averages represent sixty control animals at zero time anu 
five at each successive interval. 

A single subcutaneous injection of 1.0 mg. of adrenotrophin in mice pro- 
duced a precipitous decline in the numbers of circulating lymphocytes which 
was evident within one hour and reached its lowest point within nine hours 18 
(Fig. 4). Following this time, the numbers of blood lymphocytes rapidly in- 
creased and at twenty-four hours after hormone administration had returned 
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almost to normal. The lymphopenic response also was observed in rats injected 
with 5 mg. of adrenotrophie hormone (Fig. 5) and in dogs given 10 mg. of the 
hormone. In rabbits receiving 10 mg. of adrenotrophin the numbers of lympho- 
cytes again decreased very rapidly, reaching their lowest value within three 
hours, and did not return to normal levels as rapidly as in the other species 

(Fig. 6). . 

The lymphopenic response produced by adrenotrophie hormone is dependent 
upon the mediation of the adrenal cortex. The hormone has no effect on blood 
lymphocytes in adrenalectomized animals (Fig. 7). Further, the specific hor- 
monal action of adrenotrophin is seen from the fact that two other pure proteins, 
prolactin 21 and serum gamma globulin (human), had no effect on blood 
lymphocyte levels. 



HOURS AFTER INJECTION OF 0.5 CC OF CORTICAL EXTRACT 

Fig. 8. — Effect of subcutaneous injection of 0.5 c.c. aqueous adrenal cortical extract on 
the leucocyte coun's of normal and adrenalectomized mice. There are eight animate a t each 
interval in the unoperated series and six animals at each interval m the adrenalectomized 
group. 

Lymphopenic Response Produced by Various Adrenal Cortical Prepara- 
tions . — The role of the adrenal cortex as a mediator in the lymphopenic effect 
•of adrenotrophie hormone led to a study of various adrenal cortical hormone 
preparations. It was of considerable interest to determine which adrenal cor- 
tical steroids might be primarily responsible for the lymphopenia. Single in- 
jections of aqueous adrenal cortical extract (Wilson) or of adrenal cortical 
steroids in oil (Upjohn) produced lymphopenic responses in normal and 
adrenalectomized mice and rats 16 (Fig. 8 and Table III). These same adrenal 
cortical preparations were also effective in rabbits and in man. Corticosterone 
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and compound E (Kendall) produced lymphopenia in adrenalectomized mice 
(Table III). On the other hand, desoxycorl ieosf crone acetate, in the doses used, 
did not produce lymphopenia in either normal or adrenalectomized mice 
(Table III). This lymphopenic effect of adrenotropin and of certain adrenal 
cortical preparations has now been confirmed by oilier investigators in rats , 12 ’ 23 
dogs , 24 and human beings . 22 * 20 


Table m. Average Alteration's in Blood Constitutents Following Single, Subcu- 
taneous Injections or Adrenal Cortical Steroids in Normal and in 
Adrenalectomized Mice 


NUMBER 

PREPARATION AND OF 
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DOSE 

(MG.) 
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9 
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3,189 
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3 
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9 
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0 
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3 
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9 
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3 
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0 
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2,077 
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3 
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tomized mice G 


G 
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G 


9 
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3 


24 
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Pituitary -Adrenal Cortical Mediation of the Lymphopenia Induced by 
Stresses. — A wide variety of physical, chemical, and physiologic stresses have 
long been known to produce a lymphopenic effect. The literature pertaining 
to this subject will be discussed subsequently. It was considered possible that 
some of these stresses might cause a lymphopenia as a result of pituitary- 
adrenal cortical stimulation. Data have been obtained confirming this hy- 
pothesis. The following types of stresses have been studied : a single injection 
of arsenite, benzene, histamine, pitressin, or typhoid vaccine; exposure to cold ; 
and inanition. When exposed to any of these stresses, normal mice or rats re- 
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sponded with a lymphopenia, whereas adrenalectomized mice or rats showed 
no decrease in lymphocyte counts. Moreover, neither pitressin nor benzene in- 
duced lymphopenia in hypophysectomized rats. Some of these findings are 

shown in Figs. 9 and 10. 

Alterations Seen in Numbers of Polymorphonuclear Leucocytes. The term 
polymorphonuclear leucocyte is used here as a matter of convenience. The seg- 
mented forms should probably be referred to as heterophils in the mouse and 
the rat and as pseudoeosinophils in the rabbit. Other polymorphonuclear forms 
such as the basophil and the eosinophil are not grouped separately since they 
were few in number. 



EFFECT OF BENZENE ON WHITE CELL COUNTS 
OF NORMAL AND HYPOPHYSECTOMIZED RATS 


Fig. 9 Effect of subcutaneous injection of 125 nig. benzene on the leucocyte counts of 

normal and hypophysectomized rats. Averages represent four animals at each interval in the 
hypophysectomized series and six animals in the normal series. 


A slight but definite increase in the number of polymorphonuclear leucocytes 
was found in the mice given repeated infections of adrenotrophic hormone. It 
is questionable whether this increase was specifically related to the injection of 
the hormone, since a single injection pf many agents, including adrenotrophin, 
produces an increase in circulating polymorphonuclear leucocytes when admin- 
istered to either normal, adrenalectomized, or hypophysectomized animals (Figs. 
7 to 10). The number of polymorphonuclear cells was lower, but not signifi- 
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cantly so, in the adrenalectomized mice. These cells were, however, increased 
in number in the adrenalectomized rats. In view of the fact that the poly- 
morphonuelears did not increase in the blood of adrcnalcetomized mice, in spite 
of the hemoconeentration, it would seem that there was an actual suppression 
in the production or delivery of polymorphonueiears. A possible role of the 
adrenal cortex in the regulation of blood polymorphonuclear cells is suggested 
also by the work of Corey and Britton 27 who found a markedly decreased number 
of these cells in adrcnalcetomized cats. Pertinent discussion of this point has 
been presented previously . 18 




EFFECT OF PITRESSIN ON THE WHITE BLOOD CELL 
COUNTS OF NORMAL AND OF ADRENALECTOMIZED MICE 

V 

Fig. 10.-— -Alterations in numbers of leucocytes of adrenalectomized and normal mice fol- 
lowing the subcutaneous injection of 2.0 units of pitressin. The control values are averages 
of ninety-nine mice in the unoperated group and forty-two in the adrenalectomized series. 
The values at each successive time interval were obtained on groups of six animals. 

Pituitary-Adrenal Cortical Control of the Numbers of Circulating Erythro- 
cytes . — Repeated injections of adrenotrophic hormone into normal mice resulted 
in a slight, but significant, polycythemia . 20 On the other hand, adrenalectomized 
mice, showing some degree of hemoconeentration despite daily injections of 
desoxyeortieosterone acetate, had normal numbers of erythrocytes. Further, 
the significant decrease of red cells in adrenalectomized rats maintained with 
a normal whole blood specific gravity is additional evidence that pituitary- 
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adrenal cortical secretion exerts an influence over the numbers of circulating 
erythrocytes. The values for hemoglobin concentrations support these con- 
clusions (Tables I and II). 

In mice and rats given single injections of adrenotrophin, an initial in- 
crease in both hemoglobin concentration and red cell count was observed three 
hours after injection. IS Thereafter, these constituents of the blood gradually 
declined, and twenty-four hours after hormone injection the red cells and hemo- 
globin concentrations were distinctly lower than normal. The specific gravity 
of the whole blood was not significantly altered during the twenty-four-hour 
period of study, although at the twenty-fourth hour there was evidence of a 
slight liemodilution. 

Adrenal cortical preparations which produced a lymphopenia increased 
red cell counts and hemoglobin concentrations in a manner similar to that de- 
scribed for adrenotrophic hormone. 

Histologic Changes in Lymphoid Tissue Produced by Adrenal Cortical 
Secretion . — The marked lymphopenia observed shortly following the injection 
of adrenotrophic or adrenal cortical hormones, or following a variety of stresses 
known to augment pituitary-adrenal eortical secretion, raised the problem of 
the mechanism inducing this lymphopenia. Several possibilities suggested them- 
selves : failure of delivery of lymphocytes to the circulation, failure of lympho- 
cyte production, or increased rate of peripheral removal of lymphocytes. The 
basis for the lymphopenia was sought in a detailed study of the lymphoid tissues 
following hormone administration. 

In all the lymphoid tissues studied, that is, thymus, lymph nodes, spleen, 
and Peyer’s patches, a single injection of adrenotrophic or of adrenal cortical 
hormones resulted in early dissolution of medium-sized and small lymphocytes 
within the lymphoid tissues. The dissolution of lymphocytes was accompanied 
by a marked edema. The term dissolution of lymphocytes has been used in the 
sense of a disintegration characterized by karyorrhexis pycnosis, or by a shed- 
ding of the cytoplasm of the cell . 16 - 17 Downey and IVeidenreich 28 have shown 
that under normal conditions lymphocytes may bud off portions of their cyto- 
plasm. All of these alterations may be seen in the lymphoid tissues at the 
time of dissolution of lymphocytes. Certainly, the pycnosis and the disintegra- 
tion of the nuclei of the lymphocytes result in death of these cells. However, 
many of the cells have markedly shrunken nuclei which have lost their normal 
chromatin distribution and have assumed various bizarre shapes. Although 
the cytoplasm of many of these cells has been lost, it is not to be construed that 
these cells are necessarily nonliving. It is possible that cells of this type might 
regenerate cytoplasm and again become normal lymphocytes. 

In addition to the alterations in individual lymphocytes, there was an in- 
creased development of immature plasma cells similar to the cells described bv 
Rohr"'* or the “acute splenic tumor cell” of Rich, Lewis, and Wintrobe ." 0 In- 
vestigations in our laboratory have demonstrated ’ 1 that the increase in these cells 
occurs within the first few hours following hormone injection in rabbits It 
has also been observed that not only is there an increased number of so-called 
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immature plasma cells, but that many smaller lymphocytes may develop baso- 
philic cytoplasm, thus giving to these cells the superficial appearance of plasma 
cells. 

The dissolution of lymphocytes is maximal between one and six hours after 
hormone injection in both mice and rabbits. This is then followed by a removal 
of cellular debris by macrophages. These macrophages arc numerous in all of 
the lymphoid organs studied and contained large amounts of nuclear debris. 
Concomitant with the dissolution of lymphocytes, early alterations in fixed 
reticulum cells are evident. These changes consist in an increase in the amount 
and structure' of cytoplasm of the histiocytes. Although these cells were derived 
from fixed reticulum cells, they arc not highly active in removal of the vast 
amount of nuclear debris. 

Within six to nine hours after administration of either adrenotrophic or 
adrenal cortical hormones, most of the nuclear fragments scattered about in 
the ljonphoid tissues had been phagocytized, and the tissues in most of the 
animals at this time showed little evidence of further lymphocyte dissolution. 
During this period and subsequently the edema subsided and there was evident 
a beginning return to normal lymphoid structure. The period of recovery was 
characterized by differentiation of lymphocytes from reticulum cells and re- 
sumption of mitosis in lymphocytes. Within twenty-four hours after hormone 
injection, the ljonphoid structures, with the exception of the thymus, contained 
normal numbers of lymphocytes. These described changes in ljonphoid struc- 
tures as a result of increased concentration of circulating adrenal cortical hor- 
mone have been confirmed by Yoffejo 23 

The high degree of specificity of the acute action of adrenal cortical 
steroids on the ljonphoej r tes of animals is seen from the fact that hone marrow 
elements other than ljonphocytcs showed no evidence of degeneration. Tims, 
lymphocytes represent an important site of action of certain adrenal cortical 
steroids. 

Examination of other tissues such as the lung showed that the Ijunphopenia 
was not due to an accumulation of the ljTnphocjd.es in any of the large capillary 
beds. None of the other tissues examined were edematous. 

Adrenotrophic hormone injected into adrenaleetomizcd mice had no effect 
on ljonphoid tissue. Adrenal cortical extracts (aqueous or oil), corticosterone, 
or compound E when injected into adrenaleetomizcd mice produced histologic 
alterations indistinguishable from those seen after administration of these 
preparations to normal animals. On the other hand, desoxjmorlicosterone acetate 
injection into normal or adrenaleetomizcd mice had no effect on ljmvphoid tissue 
structure in the doses employed (0.025 to 2.5 mg.). Recently, it has been re- 
ported 32 that large doses of desoxj'corticosterone acetate produced an atrophy 
of the thymus, but not of other lymphoid structures, in adrenaleetomized rats. 

A more detailed description of the histologic alterations resulting from in- 
creased concentrations of circulating adrenal cortical steroids has been pub- 
lished. 17 Any one of the nonspecific stimuli studied, and mentioned previously 
in. connection with alterations in numbers of blood lymphocytes, induced altera- 
tions in lymphoid tissue in normal mice similar to those described for adreno- 
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trophic hormone or for the effective adrenal cortical preparations. However, 
these same stimuli, in the degree employed, had no effect on the lymphoid tissue 
of adrenaleetomized mice. 

Adrenal Cortical Control of Release of Blood Globulin From Lympho- 
cytes . — The dissolution of lymphocytes observed following injection of adreno- 
tropliie or adrenal cortical hormones suggested that a portion of the released 
cytoplasmic nitrogen could enter the metabolic pool and participate in physio- 
logic processes involving nitrogen. A portion of the nitrogen released by lympho- 
cyte dissolution was sought in the serum proteins. Since lymphoid tissue has 
been suggested as a site of antibody production (for a review of the literature 
see Perla and Marmorston 1 ), examination of the globulin fraction of the serum 
was of particular interest. 

The daily injection of 1 mg. of adrenotrophie hormone into normal mice 
for fifteen days produced a statistically significant increase in the total serum 
proteins. On the other hand, adrenalectomy in the mouse was followed by a 
significant decrease in the level of total serum proteins. This decrease was even 
more significant when considered in the light of the slight degree of hemoeon- 
centration which occurred in the adrenaleetomized mice despite the daily ad- 
ministration of small amounts of desoxycorticosterone acetate. A single injec- 
tion of 3.0 mg. of adrenotrophin into rats resulted in a significant increase in 
the total serum proteins at three-hour and six-hour periods after hormone in- 
jection at which the sera were studied. At twenty-four hours after hormone, 
the level of serum proteins had returned to normal values. 16 - 33 - 34 

The injection of either adrenotrophie hormone or adrenal cortical steroids 
into normal rabbits produced a significant increase in the total globulin content 
of the serum during the three to twenty-four hour period that the animals were 
studied. Electrophoretic patterns revealed that the increase in globulin was 
a result of rises in both the beta and gamma globulin components of the rabbits’ 
sera. 33 - 34 The albumin and the alpha globulin fractions were unaltered. These 
data assume added significance in the light of the demonstration that washed 
lymphocytes from the lymphoid tissue of normal rabbits contain a protein 
which has an electrophoretic mobility identical with that of the normal gamma 
globulin of rabbits’ blood. 33 - 34 Kass, 33 working with human lymphoid tissue, 
has confirmed the presence in lymphocytes of a protein immunologically identi- 
cal with normal serum gamma globulin. 

A second component of lymphocyte extracts is probably identical with the 
beta globulin of rabbits’ blood. It is, therefore, established that normal lympho- 
cytes contain at least one, and possibly two, proteins which are indistinguishable 
from certain of the normal globulins of the blood, and that these proteins are 
released from lymphocytes to the circulation under circumstances of augmented 
pituitary-adrenal cortical secretion. 34 ' 36 

Adrenal Cortical Control of the Release of Antibodies From Lymphocytes.— 
The demonstrated release of globulin from lymphocytes by adrenotrophie and 
adrenal cortical hormones suggested that these hormones' might stimulate an 
increased production of antibodies in immunized animals. The dailv admin- 
istration of adrenal cortical extract to mice, rats, and rabbits beine immunized 
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with a variety of antigens produced a higher level of antibody in the sera of 
those animals injected with hormone as compared to the sera of animals 
receiving antigen alone. 37 ’ 38 

Because antibodies have been demonstrated in lymphocytes, 39 * 40 augmented 
dissolution of these cells by adrenal cortical steroids would be expected to in- 
crease titer. In hyperimmunized rabbits a single injection of adrenal cortical 
extract (aqueous or oil), or of adrenotrophie hormone, resulted within six hours 
in a marked rise in antibodies in the blood. 37 * 38 The maximum effect was ob- 
served at nine hours, following which time the titers gradually returned ap- 
proximately to their previous levels. The data establish that higher titers of 
antibody appear in the immunized animal at a time after hormone injection 
when the levels of normal serum globulins are increased in nonimmunized an- 
imals. Serum protein alterations arc maximum at the time that the greatest 
amount of lymphocyte dissolution is occurring and when the most striking 
lymphopenia is present in the blood. Extcntion of these experiments indicates 
that the anamnestic response is probably due to the pituitary-adrenal cortical 
control of the release of antibody from lymphocytes. 3 ® This hypothesis would 
explain why various nonspecific agents produce an anamnestic response 41 and 
would correlate this response with the simultaneously occurring lymphopenia. 

SIGNIFICANCE OF RESULTS 

The acute, absolute lymphopenia observed within a few hours after ad- 
ministration of adrenotrophie hormone is the peripheral manifestation of a 
sudden release of hormones of the adrenal cortex. This is evidenced by depiction 
of adrenal cholesterol and sudanophilie material shortly after adrenotrophie 
hormone injection. In addition, the ljunphopenia reflects the marked lympho- 
cyte dissolution occurring concomitantly in lymphoid structures and is, there- 
fore, a result of the failure of delivery of normal numbers of lymphocytes to the 
circulation. Support for this point of view has been obtained in the experi- 
ments of Reinhardt and Li 23 who observed a 50 per cent decline in the numbers 
of lymphocytes in the thoracic duct lymph of the rat within thirty minutes fol- 
lowing injection of adrenotrophie hormone. It should be noted that peripheral 
factors may also be concerned in the removal of lymphocytes, thus contributing 
to the lymphopenia. 42 

The lymphopenia and augmented serum globulin levels occur at a time when 
there is maximum dissolution of lymphocytes in the lymphoid structures 
(six to nine hours). Following tliis time, restoration of normal lymphoid struc- 
ture is evident, lymphocyte dissolution ceases, and blood lymphocytes and 
serum protein values begin to return to normal. At this time there is also a 
beginning restoration of the adrenal lipids. Within a relatively few hours, 
therefore, profound physiologic alterations occur as a consequence of a single 
stimulation of the adrenal cortex and the effects of adrenal cortical steroids on 
the structure and function of lymphoid tissue. The rate of these physiologic 
processes is normally under pituitary-adrenal cortical control. This conclusion 
is further supported by the fact that in adrenalectomized animals there is a 
lymphocytosis, 20 * 34 a diminished rate of lymphocyte dissolution, 43 and a lower 
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than normal total serum protein level . 16 ’ 33 It should be emphasized that the 
endocrine mechanism is concerned with regulation of the rates of the processes 
which have been discussed. It is not to be construed, however, that these physi- 
ologic processes cease in the absence of the pituitary or the adrenals. In this 
respect the physiologic reactions influencing lymphoid tissue structure and 
function resemble other endoerine-eontrolled phenomena. 

Inasmuch as a variety of unrelated stimuli are known to augment pituitary- 
adrenal cortical secretion, it might be expected that single exposures of an animal 
to any one of these stimuli would initiate and reproduce the sequence of altera- 
tions which have been described previously. Thus, shortly after the initiation of 
an infection there is adrenal cortical stimulation, 19 ’ 44 " 46 an absolute lympho- 
penia/ 7 ’ 4S lymphocyte dissolution and retieulo-endothelial activation , 43 ' 49 and 
an increase in the serum globulins . 50 ' 54 A single injection of a variety of toxic 
chemical agents, such as, arsenic, benzene, antimony, formaldehyde, colchicine, 
and foreign proteins, activates the adrenal cortex , 19 ’ 43 induces a lympho- 
penia , 55 ' 59 lymphocytic degeneration , 7 - 43 ’ c0 ' 63 and augmented serum globulin 
levels 43 - B4 ' 60 Anesthetics also produce a portion of this sequence of events . 67 ’ 68 
Radioactive agents, such as, x-rays, radium, and thorium X, are also effective 
in causing these alterations. 42 - 69 ' 76 Environmental stresses, such as, cold, heat, 
inanition, trauma, and anoxia, have been shown to reproduce one or more of the 
series of events under discussion. 7 ’ 19 ’ 43 > 77 ' S4 Finally, physiologic agents nor- 
mally present in the organism, such as, insulin, epinephrine, histamine, pitres- 
sin. and thyroid hormone, may, when administered or -when present in excess, 
augment adrenal cortical activity , 19 ’ 43 induce a lymphopenia, 43 ’ 55 ’ 57 ’ S5 ' S7 cause 
lymphoid tissue dissolution, 7 ’ 10 ’ 43> 57 and in some instances cause an increase 
in serum globulins. 43 ’ ss 

Most of the many kinds of stimuli previously mentioned have been shown 
to cause adrenal cortical activation, as demonstrated by histologic or chemical 
study of the adrenal. Moreover, some of these stimuli are without effect on 
lymphoid tissue in adrenalectomized animals. 10 ’ 17 ’ 42 ’ 43 > 62 ’ SJ - 89 The activation 
of the adrenal cortex is dependent upon the secretion of pituitary adrenotrophie 
hormone, since certain of these so-called nonspecific stimuli fail to produce any 
alterations in lymphoid tissue physiology in hypophysectomized animals. It is 
suggested that a variety of nonspecific influences which have been known for 
many years to affect lymphoid tissue may be exerting their action through 
pituitary-adrenal cortical activation. 

Many nonspecific stresses may. when applied in large amounts or in erreat 
degree, affect lymphoid tissue without hormonal intervention. Thus, it has 
been shown that high concentrations of benzene will destroy lymphocytes in 
vitro” The concentration of benzene required, however, was considerably 
higher than that which could be obtained in the living organism without pro- 
ducing death. Therefore, the dissolution of lymphocytes following benzene 
injection could not be accounted for on the basis of a direct action of the chem- 
ical on lymphocytes. However, the concentration of benzene which is required 
to produce lymphocyte dissolution in vivo is considerablv less than that which 
mil produce similar results in vitro. It is recognized 'that agents less toxic 
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systeinically than benzene may Lave a direct destructive action on lymphocytes 
when administered to experimental animals. Agents of this type which have 
been shown to be effective in causing thymic involution in adrenalectomized 
animals when given in large, nonphvsiologic doses are desoxycortieosterone, 
testosterone, estrogens, and diethylstilbestcrol. 10 ' s -' 1,0 It should be emphasized 
that most of the data obtained with the use of nonspecific stimuli in relation 
to lymphoid tissue physiology support the hypothesis that pituitary-adrenal 
cortical mediation is involved. 

A striking example of a stimulus which may exhibit cither a direct or an 
adrenal coi’tical-mediated effect on lymphoid tissue may be seen from studies 
with x-rays. 70 - 01 The long-recognized effect of x-rays on lymphoid tissue is, 
in the ease of large doses, a direct aetion on lymphoid tissue, while in small 
doses, the lymphoeytolytie effect of radiation is dependent on pituitary-adrenal 
cortical mediation. 42 - 80 

In 1937, Selye 7 described certain responses, such as, depletion of adrenal 
cortical lipids, thymic atrophy, gastric hemorrhage, and clouding of the cornea, 
in experimental animals exposed to a variety of stresses. These reactions were 
grouped into a syndrome which was termed the “alarm reaction.” Selye also 
noted that repeated exposure to increasing degrees of stress produced an in- 
creased degree of resistance against the stress; this phenomenon was called 
the “adaptation syndrome.” The role of the adrenal cortex in the “alarm re- 
action” was suggested by Selye to be one of protection against histamine which 
was liberated in augmented amounts during the “alarm reaction.” The in- 
volution of lymphoid tissue in the stressed animal has now been demonstrated 
to be due to the augmented secretion of pituitary adrenotrophic hormone. 39 As 
a result, there occurs an increased release of the steroid hormones of the adrenal 
cortex, which produce an atrophy of lymphoid tissue. 1 '• 1!i - 18 This atrophy is a 
consequence of the dissolution of lymphocytes which was described previously 

The extensive literature on the role of lymphoid tissue in resistance led us 
to suggest 33 that the pituitary-adrenal cortical control of lymphoid tissue struc- 
ture and function integrated the role of the adrenal cortex and the lymphocyte 
in resistance. One important manifestation of this relationship is the augmented 
release of antibody from lymphocytes in circumstances of stress. 39 - 42 The 
manner in which various factors play a role in resistance and adaptation is not 
well understood except in the case of the immune globulins. 

Although many of the nonspecific stimuli which have been discussed pro- 
duce an acute lymphopenia, the blood picture may change subsequently to one of 
lymphocytosis. Acute lymphocyte dissolution and lymphopenia are shortly 
followed by restoration of normal lymphocyte numbers in lymphoid structures. 
The duration of the lymphopenia may be dependent upon the degree to which 
the adrenal steroids are released, the period over which this accelerated release 
continues, and the rate of operation of processes concerned with the formation 
of lymphocytes. Various nonspecific stimuli do not affect the pituitary-adrenal 
cortical mechanism to the same degree, and, therefore, several types of physi- 
ologic manifestations of adrenal cortical activation may be seen. 10 In this eon- 
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nection particular attention must be paid to the role of inanition in effecting 
involution of lymphoid tissue. Caloric restriction is a potent activator .of 
pituitary-adrenal cortical secretion . 19 The effects of inanition on lymphoid tissue 
have been shown to be mediated primarily by this endocrine mechanism . 84 In 
addition, dietaiy intake will control the supply of materials from which neu 
lymphoid tissue can be formed. It is particularly important to evaluate the 
inanition factor in nutrition studies designed to elucidate the role of a specific 
dietary constituent in the growth of lymphoid tissue. 

Lymphocyte dissolution may be one of the physiologic stimuli which calls 
into play factors concerned with the synthesis of lymphocytes. These factors 
as yet have not been studied adequately. The numbers of circulating lympho- 
cytes in the blood at any tune must be a reflection of the balance obtaining among 
lymphocyte production, lymphocyte dissolution, and peripheral removal of 
lymphocytes. When the acute effects of the sudden release of adrenal cortical 
steroids have subsided, the mechanisms concerned with lymphocyte production 
may manifest themselves to an exaggerated degree. Therefore, the blood pic- 
ture may alter from lymphopenia to lymphocytosis. The initial lymphopenia 
produced by most of the nonspecific agents which have been referred to in the 
previous paragraphs produce lymphocyte dissolution. Therefore, this acute 
lymphopenia is due to failure of delivery of lymphocytes to the circulation. 
The subsequent enhanced production of lymphocytes would explain the high 
level of lymphocytes, following an immediate lymphopenia, which occurs fol- 
lowing insulin 87 or epinephrine injection ,* 6 after low doses of x-rays , 73 and the 
lymphocytosis in the recovery phase of acute infectious diseases . 92 ’ 93 Blood 
lymphocyte pictures in disease may be better understood when interpreted in the 
light of the demonstrated function of lymphoid tissue and its peripheral man- 
ifestation, the numbers of circulating lymphocytes. 

Many of the same stimuli which have been previously cited as augmentors 
of pituitary -adrenal cortical secretion, of lymphoid tissue dissolution, of the 
degree of lymphopenia, and of serum protein levels are also known to increase 
antibody titers in immunized animals . 1 ’ 41 This enhancement of titer by non- 
specific stimuli is known as the anamnestic reaction. These relationships sug- 
gested that the anamnestic response was dependent upon the ability of these 
agents to increase adrenal cortical hormone secretion. Data obtained 30 ’ 89 
establish clearly that an enhancement of antibody titer occurred when adrenal 
cortical preparations were administered to previously immunized animals hav- 
ing no circulating antibody. Adrenotrophic hormone was highly active in the 
normal but not in the adrenalectomized animal. Certain toxic agents potas- 
sium arsenite, benzene, and low doses of x-rays produced the anamnestic re- 
action in normal animals. These agents were without effect in the absence of 
the adrenals. All of the adrenalectomized animals had demonstrable antibodies 
in extracts of lymphocytes from their lymphoid tissue. The pituitary-adrenal 
cortical mechanism is essential for the release of antibodies from Ivmphoeytes 
except under those conditions in which there is a direct effect of the toxic agent 
on lymphocytes, such. as high dose of x-rays in adrenalectomized animals . 42 ’ 59 
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The role of the adrenal cortex in controlling the rate of release of lympho- 
cyte constituents correlates the functions of the adrenal and of the lymphocyte 
in resistance. The participation of the adrenal cortex is dependent upon its 
stimulation by pituitary adrenotrophie hormone. 

CONCLUDING REMARKS 

In the opening statements of this presentation, attention was called to the 
paucity of knowledge concerning the fate and function of the lymphocyte and 
the physiologic control of lymphoid tissue. One of the fates of the lymphocyte 
elements is a dissolution of many of these cells in the lymphoid structures. 
This dissolution often results in the disintegration and removal of the struc- 
tural material of these cells. Some lymphocytes may shed portions of their cyto- 
plasm into the surrounding lymph without death of the residual nuclei; under 
these circumstances, regeneration of normal amounts of cytoplasm may follow. 
The cytoplasm yielded to the lymph by the lymphocyte contains gamma globulin 
and, in the immunized animal, antibody. Gamma globulin is found within 
lymphoid structures, is present in lymphocytes, and its rate of release from 
these cells is under control of pituitary-adrenal cortical secretion. As a conse- 
quence of this hormonal control of the rate of lymphocyte dissolution, the num- 
bers of lymphocytes in the blood and in lymphoid tissues is influenced by the 
degree of adrenal cortical activity. 
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PURPURA FOLLOWING ESTROGEN THERAPY, AYITII PARTICULAR 
REFERENCE TO HYPERSENSITIVITY TO (DIETHYL) 
STILBESTROL AND AVI Til A NOTE ON THE 
POSSIBLE RELATIONSHIP OF PURPURA 
TO ENDOGENOUS ESTROGENS 

C. J. Watson, A. L. Schultz, and II. M. Wikopp 
Minneapolis, Minn. 

T HE literature indicates that the administration of estrogenic substances, 
and particularly stilbestrol, while at times productive of nausea and vomit- 
ing, does not cause serious toxicity in human beings. Thus, Shorr and co- 
workers, 1 Davis, 2 Davis and Boynton, 3 and MaeBryde and associates 4 made 
careful observations of the blood in large series of women receiving 1 to 5 mg. 
of stilbesterol daily over long periods of time; they failed to find any significant 
changes in the blood or any evidence of a hemorrhagic tendency. The study 
of Karnaky 5 seems even more convincing in this respect. lie gave remarkably 
large doses of stilbestrol to 136 women and eighty-six children. The adults 
received as much as 500 mg. at a single dose, 250 mg. once or twice weekly, or 
100 mg. daily. The majority of the children were given 1 to 5 mg. daily; eight, 
however, received 10 to 25 mg. per day or every other day for periods of one 
to eight months. ICarnaky relied on the sedimentation rate and complete blood 
counts to detect toxic effects. None were observed, and he therefore concluded 
that stilbestrol is entirely safe. Nevertheless, certain cases have been reported 
in the literature which indicate that occasional individuals may exhibit an 
idiosyncrasy or sensitivity to stilbestrol or other estrogenic substances, with 
resultant injury of the liver or hone marrow. Loftis c reported the case of a 
44-year-old white woman who developed purpura over the lower extremities 
and bleeding from the gums while receiving weekly injections of an estrogen. 
The purpura disappeared within three weeks after the drug was stopped. 
Repeated trials with varying dosages always caused recurrence of purpura. 
Laboratory studies, including platelet counts, revealed nothing abnormal. A 
bone marrow examination was ’not reported. Chevalier and Umdenstock 7 ob- 
served a ease of fatal myelophthisis following injections of large amounts of 
estradiol benzoate. This patient had received estradiol repeatedly over a period 
of ten years because of recurrent pruritus vulvae. The last course consisted 
of twenty injections of 10 mg. each in a two-week period. Shortly thereafter, 
the patient developed a profound anemia, leucopenia of 800 cells per cubic 
millimeter with 30 per cent neutrophiles, and an outspoken purpura with 56,000 
platelets per cubic millimeter. Herbst s observed purpura in two men receiving 
estradiol propionate for cancer of the prostate. There was no reduction of 
platelets in either case, and it was stated that the purpura was controlled by 
administration of calcium gluconate. 

From the Department of Medicine, University of Minnesota Hospital. 
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Instances of probable liepatotoxic effect of stilbestrol in human beings have 
been reported by Elias and Scliwimmer 9 and Seligman. 10 The former case is 
of special interest in that the authors were able to demonstrate a distinct allergy 
to stilbestrol in their patient. They believed that the hepatocellular impair- 
ment was allergic in. character. Jaundice was of relatively short duration and 
recovery was apparently complete, 

A considerable literature has accumulated with respect to the effect of 
stilbestrol and other estrogens on the blood and blood-forming organs and the 
liver, in animal experiments. It is evident from these studies that there is a 
distinct difference in the sensitivity of different species. Arnold 11 showed that 
daily intramuscular injections of 4 to 10 mg. of stilbestrol in dogs commonly 
produced severe aplastic anemia and thrombocytopenic purpura. Tyslowitz 
and Dingemanse 12 found that dogs tolerated 1 mg. of estradiol or stilbestrol 
daily during a period of nine months without exhibiting any significant changes 
in the blood, but if given 5 mg. of either estrogen daily, a prompt fall in all 
blood elements occurred within one to three weeks after the injections were 
begun. The erythrocyte count and hemoglobin fell rapidly before any evidence 
of hemorrhage was noted. The platelets then dropped to very low levels and 
severe purpura occurred. The leucocytes showed an initial rise followed by a 
marked decrease in the number of granulocytes. Bone marrow studies in these 
dogs revealed a marked hyperplasia involving all of the cellular elements. 
These investigators 12 concluded that the estrogen caused a primary injury to 
the bone marrow followed by changes in the peripheral blood. Their results 
were confirmed by MacBryde and co-workers 4 and Crafts. 13 Castrodale and 
associates 14 compared the effect of stilbestrol and estradiol in dogs, using both 
parenteral and oral routes of administration, and found that thrombocytopenia 
and hemorrhage occurred sooner and that the survival time was shorter in those 
animals receiving estradiol. The onset of the blood changes and of purpura 
was delayed in the animals receiving the estrogen orally, but the severity was 
just as great after their appearance. They also noted that the bone marrow 
initially showed an increase of the myeloid elements with decreased areas of 
erythropoiesis, followed by a generalized hypoplasia. The megakaryocytes were 
markedly decreased early in the course of the experiment. The effect of stil- 
bestrol in rats is evidently much less marked. A mild decrease in platelets 
early in the course of experiments in which large amounts of stilbestrol were 
injected was observed by von Haam and co-workers, 19 but there was no purpura 
nor any significant change in the leucocytes. The rat bone marrows, however, 
were markedly hyperplastic. Page and associates 10 implanted pellets of stil- 
bestrol subcutaneously in rats and failed to notice any subsequent chan-res in 
the blood or bone marrow. Jacobson 17 injected relatively large doses of estradiol 
in white mice and found a moderate decrease in hemoglobin and red blood cells 
in the peripheral blood. He noted that the bone marrow of the mice showed 
a marked replacement, of the marrow spaces by endostial new hone formation 
the remaining areas of active marrow being hyperplastic. Crafts 13 and Tvs' 
Jowilz and Hartman 18 were unable to produce any significant changes in the 
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blood oi' bone marrow of Rhesus monkeys, in spite of the administration of 
large amounts of estradiol or slilbestrol. 

The effects of estrogens on the liver in animals has not been as extensively 
studied, Castrodalc and associates 54 noted fatty metamorphosis and focal 
necrosis in the livers of many of their series of dogs receiving relatively large 
amounts of slilbestrol or estradiol, either orally or parenlerally. Roberts and 
co-workers 15 later reported that large doses of estrone or estradiol benzoate 
produced changes in the liver, bone marrow, and peripheral blood of dogs, 
which were indistinguishable from those produced by stilbestrol. Hepatic 
changes consisted of fatty metamoiT>hosis and hydropic degeneration. 

It should bo emphasized that in all of the experimental work which has 
been mentioned, the amounts of estrogenic substance necessaiy to produce 
evidence of injury were greatly in excess of the therapeutic dose in human 
beings. The purpose of the present report is to describe five cases in which 
purpura was first noted following estrogenic therapy. Four of these were in 
women, one was in a man. The latter individual also exhibited marked evidence 
of hepatic functional impairment. 


CASE REPORTS 

Case 1.* — E. S., a 53-year-old housewife, was first admitted to the University Hospital 
in March, 1943, because of weakness, menorrhagia, and purpura. 

The patient had noted the onset of the menopause in the fall of 1936; it was charac- 
terized by hot flashes, increasing nervousness, weakness, and cessation of menses. In 193i 
she consulted a local physician who gave her several intramuscular injections of nmniotin in 
oil. She had little improvement of the symptoms and in June, 1939, consulted another phy- 
sician. At this time intensive estrogen therapy was begun, and from June, 1939, until March, 
1943, she received many intramuscular injections of estrone and estradiol. It has not been 
possible to determine the exact amount. In September, 1941, in addition, oral stilbestrol 
therapy was commenced. The patient received from 1 to 1.5 mg. of stilbestrol daily until 
March, 1943. In June, 1942, the patient was seen by the physician because of an episode 
of uterine bleeding which lasted three days. At this time she also complained of bruising 
very easily. The hemoglobin was found to be SO per cent; the red blood cells were 4,000,000 
per cubic millimeter; the leucocytes, 2,400 per cubic millimeter; and the platelets, 15,000 
per cubic millimeter. Bleeding time by the Duko method was 15 minutes. Tho patient was 
treated with several blood transfusions, vitamin K, liver extract, and pectin, but moderate 
uterine bleeding lasted three to four days and recurred regularly each month. She continued 
to bruise easily on slight trauma. 

In December, 1942, the patient first noticed petechiac over the legs, forearms, and chest. 
In February, 1943, there was a profuse uterine hemorrhage, and she was admitted to a private 
hospital. The examination of the blood at this time showed the hemoglobin to be 60 per 
cent; the red blood cells were 3,000,000 por cubic millimeter; tho leucocytes, 2,900 per cubic 
millimeter; and the platelets, S,700 per cubic millimeter. During this period of hospital- 
ization the patient was given several blood transfusions and five deep x-ray treatments to 
the ovaries. She was discharged after nine hospital days. Uterine bleeding stopped on 
March 15, 1943, after four week's of continuous rather severe hemorrhago, but the purpura 
persisted, and on March 25, 1943, she was admitted to the University of Minnesota Hospital. 
It should be noted that the patient had continued to take stilbestrol up to this time. 

The past history revealed nothing of significance. The catamenia bad been entirely 
normal prior to the menopause, and there was no previous indication of a hemorrhagic 
tendency. 


•This case was studied through the courtesy of Dr. H. W. Quist, Minneapolis, Minn. 
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Physical examination revealed numerous peteeliiae over the body and several large 
ecchymoses over the patient’s legs, chest, and forearms. The spleen was barely palpable on 
deep inspiration. There were no other findings of significance. 

The hemoglobin was 10.S grams per 100 c.c.; the leucocytes were 2,000 per cubic 
millimeter; the reticulocytes, 1.5 per cent; and the platelets, 160,000 per cubic millimeter. 
The bleeding time by the Duke method was 42 minutes; the prothrombin time was normal. 
The cephalin-cholesterol flocculation test was 3 plus at 24 hours. A sternal bone marrow 
puncture revealed generalized hypoplasia of all the cellular elements of the bone marrow. 
Megakaryocytes were very scarce and showed degenerative changes. 

All estrogenic therapy was stopped. The patient was given several blood transfusions, 
and was discharged in relatively good condition. It is noteworthy that she was complaining 
rather severely of hot flashes and that she wished very much to take additional stillbestrol 
for relief. She was advised strongly not to do this. 

The purpura gradually disappeared, and the patient was relatively free of hemorrhages 
so far as can be determined from April, 1943, until July, 1944, when peteeliiae and ecchymoses 
again appeared over the legs, arms, and chest. It may be noted, however, that the platelets 
were repeatedly found to be reduced during this interval: 2,200 on April 16, 1943; 38,000 on 
Aug. 24, 1943; 6,400 on Oct. IS, 1943; and 14S,OG0 on Feb. 10, 1944. The uterine bleeding 
did not recur. In September, 1944, she was given twelve roentgen treatments of ten minutes 
each to the ovaries, a total of 3,474 r. ; the purpura persisted, however, and the patient 
was readmitted to the University Hospital in December, 1944. Physical examination at this 
time was essentially negative except for marked purpura over the legs, forearms, and chest. 
The hemoglobin was 11.5 grams; the leucocytes were 2,050 per cubic millimeter with 62 
per cent neutroplules. The platelets were 62,000 per cubic millimeter. The prothrombin 
time was again normal and cephalin-cholesterol flocculation test at this time was negative. 
The bleeding time was markedly increased. Several sternal bone marrow punctures were 
attempted, but no marrow could be aspirated. After four days in the hospital, the patient 
was discharged and has been followed in the Out-patient Clinic until the present time. She 
has persisted in having purpura of moderate degree, and the platelets have varied on a num- 
ber of occasions between 30,000 and 120,000 per cubic millimeter. The leucocytes have 
varied between 1,800 and 3,100 with 50 to 65 per cent neutrophiles. The hemoglobin ranges 
between 10.5 and 12.5 grams per 100 c.c., and the red blood cells range between 3.8 and 
4.5 million per cubic millimeter. Trial of various substances has been made, including re- 
fined liver extracts by intramuscular injection, whole desiccated liver by mouth and "folic 
acid by injection in amounts ranging up to 50 mg. per day. Hone of 'these has had any 
demonstrable effect. 

This patient, then, has a chronic thrombocytopenia purpura and leucopenia, which is 
remarkably stable at a level permitting a reasonable degree of activity but which’ neverthe- 
less, interferes with her life to a considerable extent and threatens at any time to become 
more severe. 


Case 2.— Y. T., a 53-year-old housewife, was admitted to the Hniversitr Hospital in 
December, 1944, because of purpura over the arms, legs, and chest. 

The patient had the onset of the menopause in January, 1942, when the menses became 
irregular and profuse and she began to have increased nervousness, weakness, and hot flashes 
In May, 1942, she had an episode of severe menorrhagia. Hysterectomy and bilateral' sal- 
pingo-oophorectomy were performed at a private hospital, and at this time, May, 1949 oral 
stilbestrol therapy of one tablet daily was begun and continued until November’ 1944 ' In 
November, after two and onc-lialf years of continuous stilbestrol therapy, the patient" first 
noticed peteeliiae and ecchymoses over the arms, legs, and chest. These* ’perriried and she 
entered the University of Minnesota Hospital on Dec. 13, 1944. The past hiriorv revealed 
nothing of significance other than a mild arthritis of the cervical spine for which intravenous 
injections of streptococcus vaccine were given during October and November 1944 This 
will be considered ngoin in the following. * 3 

The physical examination revealed nothing of significance ntw _ 

and several ecchymoses over the legs, arms, and clmsf W3n - V PC{Cchiac 
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The hemoglobin was 10.3 grams; (he red blood cells were 1,000,000 per cubic millimeter; 
tho leucocytes, 5,250 with 57 per cent neuirophilcs; and the platelets, 70,000 per cubic 
millimeter. The cuff tost was negative. The bleeding time by tho Duke method was 
16 minutes. A platelet count performed one week later was 00,000 per cubic millimeter. 
Stilbestrol therapy was stopped when the patient entered the hospital. The purpura rapidly 
improved, and after three days she was discharged to the Outpatient Clinic where she has 
been followed to the present time. Within two weeks from the time of discharge the 
petechine had entirely disappeared. On Dec. 20, 10-11, the platelet count was ISO, 000 per 
cubic millimeter; on Jan. 2, 1945, 210,000; and on March 14, 1045, ISO, 000. The sternal 
bone marrow obtained during the hospital admission revealed a marked hyperplasia involving 
chiefly' the granulocytes. The megakaryocytes were also increased in number. The brom- 
sulfalein test (5 mg. per kilo at 45 minutes) was negative but tho ccphalin-cholcstcrol floc- 
culation test was 3 plus in 4S hours. The urine urobilinogen was normal. 

There was no recurrence of purpura until March 1, 1047. Shortly before this, the 
patient had taken bcnzestrol ■<> because of persistent hot flashes. The onset of purpura was 
noted three days after the bcnzestrol was started. Tho drug was discontinued at once and 
after four days tho purpura began to disappear. By March 25, it was no longer evident. 
On March 11 when it was still widespread, the platelets numbered 165,000 per cubic milli- 
meter and the cuff test was strongly positive. 

Streptococcus vaccine therapy was resumed in 1945 and has been continued irregularly 
until the present time. There has been no evidence of any recurrence of the purpura except 
on the one occasion following bcnzestrol. Thus, it appears improbable that the vaccine had 
any relation to the thrombocytopenia. 


Case 3/ — S. G., a 23-year-old housewife, had been well except for irregularity of tho 
menstrual periods. The interval had always been greater than thirty days, and since her 
marriage in 1943, the periods were even more irregular, there having been not more than 
eight or ten periods in the two years. On Feb. 15, 1045, because of not having had a 
period since October, 1944, the patient consulted a physician who gave her c.c. benzestrol. 10 
This dose was repeated on Feb. 21 and 22 and on March 0. On April 4, sho was given 2.5 
mg. of dimenformin benzoate, and on April 5, 12.5 mg. of trigestin. One week later men- 
struation commenced and lasted for five days. Two days after termination of tho period a 
“rash broke out all over her body.’’ Sho noticed that it was worse on the legs and hands 
but that it was present everywhere to at least a slight degree. Sho also noted a few 
bruises on various parts of the body. 

The past history did not reveal anything of significance. The family history was of 
interest in that a sister died at the age of 23 of leuccmia. The patient has two brothers 
and one sister living and well. Her parents are also well. 

She has had occasional headaches, for which she takes a tablet composed of accto- 
phenetidine, aspirin, and caffeine. She has taken one of these about every two weeks since 
October, 1944. 

The physical examination revealed nothing other than a diffuse purpura. Multiple 
petechiae were present with increasing frequency toward the distal portions of the extremities, 
most marked on the lower legs and ankles. However, there were a few on the face, chest, 
abdomen, arms, hands, and thighs. Tho liver and spleen were not palpable. 

The hemoglobin was 13.7 grams; the red cells were 4,150,000; the leucocytes, 7,200 
per cubic millimeter with Cl per cent neutrophiles ; the platelets, 12,100; the bleeding time 
by the Duke method 24 minutes. A repeat platelet count was 20,000; the prothrombin was 
100 per cent of normal. On April 25, there was no evidence of further spread of the purpura, 
but the platelets were only 11,000. On June 6, the platelet count was 13,200, the bleeding 
time 23 minutes. The bone marrow obtained by sternal puncture was said to reveal nothing 
abnormal. On July 27, 1945, the platelet count was 33,000, and on August 9, 40,000. At 
this time the purpura had almost entirely disappeared. On November 13, a few new petechiae 


•This case is reported through the courtesy of Dr. J. Garrott Allen of the Department of 
Surgery and the Metallurgical Laboratory, University of Chicago. 
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were observed. The irregular menstruation with long intervals between the periods has con- 
tinued. 'The platelet count on Nor. 13, 1945, was 12,000. On Jan. 2, 1946, the patient was 
seen because of recurrence of peteehiae in moderate number, especially on the legs. The 
patient was last observed on Feb. 16, 1946. At this time the hemoglobin was 10.9 grams; 
the red blood cells were 3,SS0,000; the leucocytes, 5,7 00 with 62 per cent neutrophiles ; the 
platelets, 15,500. Only a few petecliiae were noted. 


Case 4.* — SI. C. was a 79-year-old retired businessman. In 1939, at the time of 
transurethral Teseetion, it was found that the patient had a carcinoma of the prostate. 
Stilbestrol was commenced on July 3, 1942, 0.5 mg. daily. From FTov. 17, 1943, until 
shortly - before admission to the hospital , he took, somewhat intermittently, 3 mg, daily. 
The breasts had become distinctly enlarged. From time to time during this period the 
patient had received small amounts of sulfadiazine because of a urinary tract infection. 
He had not, however, received any sulfadiazine for three months prior to death and for 
one month prior to the first appearance of purpura. Ecchymoses first became evident on tbe 
extremities and neck about Feb. 25, 1946. Because of increasing purpura with some very 
large ecchymoses, particularly over the abdomen, the patient was admitted to the hospital 
on March 10, 1946. The hemorrhages were in the form of large ecchymoses and even con- 
siderable extravasations of blood under the skin. One massive extravasation was noted over 
the lower abdomen extending down into the pubic area and including the scrotum, also down 
onto the thighs. There were numerous ecchymoses elsewhere but small peteehiae were very 
rare. There was no jaundice at the time of admission. The liver and spleen were not 
palpable, and there was no Iymphadenopatliy. There were no evidences of metastases to 
the bones. (X-rays of spine and pelvis were negative.) The platelet count was 40,000 
on the day following admission. On the next day it was found to be 70,000. The pro- 
thrombin time was 17 per cent of normal. The serum albumin was 2.6 grams per cent; 
tbe serum globulin, 2.3. The cephalin-cholesterol flocculation test was 3 plus in 24 hours. 
The urine urobilinogen was 42 mg. in 24 hours (normally not above 3.5 mg.). The 
later course in the hospital was characterized by retinal hemorrhages, hemoptysis, and gas- 
trointestinal bleeding, in addition to further bleeding into the skin. Coincident with trans- 
fusions and vitamin K, the prothrombin time came up to SO per cent of normal, following 
which there was a temporary cessation of hemorrhages. Later, however, in spite of con- 
tinued vitamin K administration, the prothrombin time dropped to 30 per cent and the 
generalized hemorrhagic tendency recurred. During the last six weeks in the hospital, the 
platelet count gradually rose to 150,000, but the bleeding persisted. An additional feature 
of interest that was not explained was a marked hypocalcemia with tetany. The serum 
calcium was 6.8, and on frequent occasions there was manifest tetany requiring injection of 
calcium. Death was believed to be due to anemia and exhaustion. Slight jaundice was 
observed in the last ten days of life. There was no evidence of steatorrhea. 

Necropsy in this case revealed very little. The prostate was small and rather soft 
but exhibited definite adenocarcinoma microscopically. The liver was described as beino- 
“granular and firm,” but not enlarged. Microscopically the sections of the liver revealed 
nothing other than mild passive congestion. The bone marrow was not examined. 


Case 5.f— H. G. was a 45-year-old housewife. Menstruation first became irremrlar in 
February, 1042. There was no period in May, 1942, and again from Jnlv to October 
although during this interval one brief period of rather profuse bleeding for two hours’ 
occurred. In January, 1943, the patient was ovcremottonal, had swelling of the hand* tin- 
gling of the skin, chills, sweats, and hot flashes. She was given 0.5 mg. of stilbe=trol dailv 
for one week, together with nembutal, Vi grain three times daily. She was seen two weeks 
later, at which time the nervousness and exhaustion, and also the hot fiariie* and sweat* 
were considerably improved. Stilbestrol in an amount of 0.5 mg. dailv wn* continued f or 
orwweek. From tins time on the stilbestrol was given intermittentlv in the «ame do=e for 


eO R e »Srnr eB "** 

^ Vas FU, ‘ 5]Cd throu?h t,,c courtcs Y <* »r. Henry L. Ulrich. Minneapolis. Minn. 
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a period of four months. In August, 3914, when the patient was next seen, perspiration 
was marked and there were frequent dizzy spells, particularly on waking up in the morn- 
ing. Stilbestrol was resumed in a dose of 0.2 mg. daily. She was not seen again until 
March, 19-15. The same dose, namely, 0.2 mg., was prescribed again. The patient was 
also given calcium lactate, 5 grains three times a day, and 3 /_> grain of nembutal three times 
daily. She was next seen in June, 1915, and stilbestrol was given again, 0.2 mg. daily. 
In August she was given 2,000 units of estrone hypodermically. This dose was repeated in 
November, 1945, the stilbestrol being taken intermittently in the interval. Bleeding was 
first noted in June, 1940. This wns from the gums and uterus. From this time on there 
has been recurrent uterine bleeding, also intermittent hemorrhage from the gums and nose, 
and purpura of the skin. Numerous petechiae and ecchymoses have been noted on a number 
of occasions. 

The physical examination revealed nothing of significance in other respects. The 
spleen and liver were not palpable and there was no lymphadenopathy. 

Blood examination on June 0, 1940, revealed the following: Hemoglobin SO per cent, 
red blood cells 4,420,000, leucocytes, 2,700, 49 per cent ncutrophiles, 30 per cent lymphocytes, 
11 per cent monocytes, 2 per cent cosinophiles, and 3 per cent bnsophilos, On Sept. 24, 1940, 
the hemoglobin was 14.5 grams; the platelet count, 321,000 per cubic millimeter; the bleed- 
ing time, 5 minutes, 2 seconds (Duke method) ; the cuff test, markedly positive, 45 petechiae 
in a circle 1 inch in diameter on the forearm; the prothrombin time by the Quick method, 
12.7 seconds (control, 12.4). Since this initial study, frequent platelet counts, bleeding 
times, and cuff tests have been carried out with essentially the same findings, regardless 
of the degree of purpura exhibited by the patient at the particular time. So far as is 
known she has not received any estrogen therapy since June, 1940. The purpura has not 
been alarming up to the present time, and the patient has been able to continue her activities 
on a limited scale. 

STUDIES OF SKIN SENSITIVITY TO KSTHOGKXJC SUBSTANCES 

Three of the previously described patients (Cases 1, 2, and 5) were avail- 
able for skin tests to determine possible sensitivity to estrone and stilbestrol. 
Twenty-five individuals, either normal or suffering from various diseases, served 
as controls. Sixteen of these were tested for sensitivity to estrone, the remainder 
to stilbestrol. In each instance the lest consisted of injecting intradermally 
0.1 c.c. of a 0.2 per cent suspension in physiological saline. The same amount 
of the vehicle alone was injected in the opposite arm as a control. Observations 
of reactions were made at 30 minutes, 1 and 4 hours, and 24 hours, as noted 
in the following. The results of the tests are given in Table I. It is seen that 
Cases 1 and 2 exhibited distinct skin sensitivity to stilbestrol, while Cases 2 
and 5 were sensitive to estrone. In none of these three cases was there any 
sensitivity to the vehicle. The reactions in each instance were of erythematous 
type, only slightly raised and without definite wlicaling. Their appearance 
suggested the presence of an active capillary or arteriolar hyperemia without 
transudation. Two of the control cases exhibited sensitivity to the estrone 
solution and one of these was positive to the solution of stilbestrol, but both 
showed equally positive reactions to the vehicle, so they cannot be classified as 
positive to the estrogens. Thus, it is evident that the only positive reactors 
among the twenty-eight individuals were the three with purpura, Cases 1, 2, 
and 5 of the present series. So far as could be determined from the records 
of the control individuals none had at any time received estrogen therapy. 

Prausnitz-Kiistner passive transfer was attempted in Cases 2 and 5 with 
estrone and in Cases 1 and 2 with stilbestrol, but this was uniformly negative. 



Table I. Skin Sensitivity to Stilbestkol and Estrone 
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Tims, it is questionable whether the skin reactions winch were noted were due 
to circulating antibody. Precipitin tests were not carried out due to the in- 
solubility of stilbestrol and estrone in water. The nature of these skin reactions 
is not understood but it seems likely thnt their significance is fundamentally 
related to the clinical manifestations in these cases, especially in view of the 
relatively large number of negative controls. The possibility of a specific tissue 
sensitivity is considered. 


DISCUSSION 

While the eases described in the foregoing cannot be accepted as proving 
a causal relationship between stilbestrol or other estrogenic substances and 
purpura, they do, nevertheless, suggest that such a relationship may at times 
exist, and they point to the need of greater conservatism in the administration 
of these substances. They also indicate the desirability of frequent observations 
with respect to the possible appearance of a hemorrhagic tendency in patients 
receiving continued estrogenic therapy. It is believed justified, in view of the 
present results of the skin sensitivity studies, to skin test patients in advance 
of the prescribing of estrogenic substances. In this connection, however, we 
recognize that the sensitivity shown by the present cases may have been acquired 
rather than inherent. In any event the appearance of signs of hone marrow 
or capillary injury, or of hepatic functional impairment, would appear to 
warrant discontinuance of estrogen therapy and the application of skin tests 
to determine possible sensitivity to estrogenic substances. It is clear that a rela- 
tionship in these cases would have to be regarded as an idiosyncrasy or hyper- 
sensitivity, possibly analogous to the occasional case of neutropenia or agran- 
ulocytosis which follows amidopyrine, or the thrombocytopenic purpura at 
times seen following sedormid therapy, and concerning which a number of 
papers have appeared in the literature. Evidence as to Ihe usually' innocuous 
character of stilbestrol was cited at the outset. The onset of purpura following 
the exhibition of stilbestrol and its disappearance and reappearance after dis- 
continuance and readministration, as in Case 2 of the present series and in the 
case reported by Loftis, 0 lend further support to the belief in a causal relation- 
ship. The regular production of thrombocytopenic purpura in dogs with 
amounts of stilbestrol larger than those commonly used in human therapy is 
quite compatible with tlic concept that the occasional cases of purpura noted 
in human beings after stilbestrol therapy represent idiosyncrasies or hyper- 
sensitivity to the drug. The possibility cannot be excluded that the purpura 
in Case 3 was related to the occasional ingestion of acetophenetidin. 

It is also of interest that a number of papers have called attention to the 
association of purpura with menstruation. 21 ' 14 - 2C - 28 ' 30 In these studies it was 
at times noted that the platelet counts were normal between the periods, only 
to decline at the beginning of eacli menstruation and until the onset of purpura. 
With the cessation of menstruation, the platelet counts returned to normal and 
the purpura disappeared. Nagy 22 reported two eases of thrombocytopenic 
purpura in which irradiation of the ovaries was followed by an increase of 
platelets with disappearance of purpura and menorrhagia. For these instances, 
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Nagy suggested the term “purpura dysovarica.” As a matter of fact, it was 
chiefly because of Nagy’s report that radiation was given to the ovaries in Case 
1 of the present series. No apparent benefit was noted, but it is quite likely 
that the bone marrow injury in this instance was exogenous while it would 
appear to have been endogenous in Nagy’s cases. In this connection, attention 
may be called to a ease reported by Leschke and Witlkowcr. 24 A 23-year-old 
woman had had severe menorrhagia since onset of the menses at the age of 11. 
When the patient reached the age of 22, the platelets were found to be 3700 
per cubic millimeter. The surgeon removed the uterus and a cystic right ovary. 
This was followed by prompt cessation of the hemorrhagic tendency, and for 
two years there was no difficulty, after which time, however, the purpura 
recurred. 

The relative frequency of thrombocytopenic purpura in women after pu- 
berty has been stressed repeatedly. 20 - 23 Purpura is relatively common during 
pregnancy and has often constituted a severe complication. A number of the 
cases collected from the literature by Rush move 2 7 exhibited purpura only during 
pregnancy, and some of them had a recurrence of purpux'a in subsequent preg- 
nancies. On the other hand, Evans and Perry 23 observed a ease in which a 
thrombocytopenic purpura disappeared entirely during pregnancy, only to 
reappear after delivery. 

There is disagreement as to the platelet counts of normal women during 
their menstrual cycles, Genell 31 and Polde 32 having reported a noticeable de- 
crease in the platelet count at the beginning of each period and Damashok 33 
having found just the opposite. David 23 emphasized the occurrence of hemor- 
rhages and of positive Rumpel-Leede (capillary fragility) tests during men- 
struation. This question obviously deserves further study. 

The possibility of sensitivity to endogenous estrogen, as suggested by the 
foregoing, is supported in some measure by the fact that two of the eases in 
the present series exhibited skin sensitivity to estrone, a natural estrogenic 
substance. One might assume that in certain individuals, a tissue, perhaps a 
capillary sensitivity, if not inherent, becomes established as times goes on. 
Evidence is lacking as to the nature of this sensitivity and the manner in which 
it might operate to produce purpura. The concept of sensitivity to endogenous 
estrogen has been elaborated by Zondek 34 - 35 under the general appellation of 
“endocrine allergy.” Zondek has demonstrated skin sensitivity to natural 
estrogens in a variety of pathologic states and has shown that desensitization 
is frequently beneficial. 

The possibility of hepatotoxie effect of stilbestrol is suggested both by the 
animal experiments and the human cases previously mentioned. 2 - 10 In Case 2 
of the present group the eephalin-eholestrol flocculation test was positive in 
association with the thrombocytopenic purpura and negative after discontinu- 
ance of stilbestrol and disappearance of the purpura. The possibility exists 
however, that there was a mild liver injury secondary to the purpura and 
unrelated to the stilbestrol. Case 4 of the present series was of particular 
interest because of the association of a severe hemorrhagic state with throm- 
bocytopenia and hypoprothrombinemia, together with other evidence of liver 
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functional impairment following long continued use of stilbestrol for carcinoma 
of the prostate. The autopsy findings in this ease did not indicate that the 
hemorrhagic state was related either to the carcinoma or to any demonstrable 
liver disease of ordinary type. 

SUMMARY AND CONCLUSIONS 

1. Five eases are reported in which purpura followed the administration 
of stilbestrol or other estrogenic substances. Four of these were in women 
being treated for menopausal symptoms or amenorrhea; one was in an elderly 
man with carcinoma of the prostate, without evidence of metastascs. 

2. In four of these cases the estrogen therapy, mainly stilbestrol, had been 
given for long periods, ranging from two and onc-half to seven years. In one 
of these four, however, there were long intervals during a total of three years, 
in which none was given. In the fifth ease estrogens were given parcnterally, 
intermittently over a two-month period. 

3. The purpose of reporting these five cases is simply to call attention to 
the possibility of a causal relationship between stilbestrol and other estrogens 
and purpura. Evidence of hypersensitivity to stilbestrol or estrone or both, 
•was manifested in each of the three cases available for skin testing, although 
absent in twenty-five control individuals. Circulating antibody could not be 
demonstrated by passive transfer. Nevertheless, the possibility must be con- 
sidered that hypersensitivity to exogenous or endogenous estrogens may at 
times constitute the major factor in the production of purpura. 

4. The literature relating to estrogenic substances is discussed from the 
following standpoints : (a) The reported cases of supposed toxic effect in human 
beings, in which abnormalities related to the liver or blood were noted; (b) 
the experimental production of purpura and hepatic injury in animals by means 
of their administration; and (c) the question of effect of endogenous estrogen 
in the production of purpura. 
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ESSENTIAL THROMBOCYTOPENIC PURPURA 

Autopsy Findings in Thirty-Six Cases 

Ambrose J. Hem-zoo, Pji.D., M.D. 

Minneapolis, Mixx. 

T HE files of the pathology department of the University of Minnesota con- 
tain the records of over 51, COO autopsies. Most of the patients with pur- 
pura listed are secondary types following such diseases as leukemia, meningo- 
eoceic sepsis, bacterial endocarditis, scarlet fever, measles. Some of them are 
examples of drug idiosyncrasies. After eliminating these cases, there remained 
thirty-six that belonged to the essential or idiopathic group. 'Wiseman, Doan, 
and Wilson 1 and Wintrobc- have given rigid criteria for the definition of essen- 
tial thrombocytopenic purpura from the clinical and anatomical viewpoint. 

The average age of these thirty-six patients was 30.5 years. Women pre- 
dominated, twenty-four to twelve men. This confirms the findings in the litera- 
ture that essential thrombocytopenic purpura is primarily a disease of young 
people and that the women show a marked preponderance. It is possible that 
the physiologic decrease in the number of platelets during menstruation may 
be a pi-edisposing factor for the development of the signs of purpura in women 
when associated with other causative factors that decrease the platelet level. 
Hormones may be another factor. The average platelet count in these eases 
was 55,000 per cubic millimeter. The bleeding times varied from ten minutes 
to four houis, the coagulation time from three to eight minutes. 

The gross findings at autopsy, apart from the hemorrhages that have re- 
sulted in the death of the patient, are meager. The body may have the anemic 
appearance that follows profuse or prolonged hemorrhage. The degree of 
anemia may he very severe. The hemorrhages may he so widespread that it 
is difficult to consider any part of the body as the principal site of the bleeding. 
There were twelve such cases in the total number of thirty-six. In twelve of 
these death was due to intracranial hemorrhages. Unconsciousness and death 
may occur within a short time after the onset of acute purpura. Most of the 
hemorrhages were located beneath the dura mater and were diffusely scattered 
over the surfaces of the brain. At times it was difficult to decide whether the 
hemorrhage was extrinsic or intrinsic to the arachnoid membrane. The fact 
that some of the hemorrhages had the appearance of a subdural hematoma with 
a tendency towards organization of the clot to the inner surface of the dura 
would tend to show that most of the hemorrhages are subdural rather than 
subarachnoid in origin. Occasionally intracerebral hemorrhages may occur 
with or without an associated subdural hemorrhage. The intracerebral and 
intracerebellar hemorrhage may vary from petechiae lo massive hemorrhages. 
Once the diagnosis of essential thrombocytopenic purpura is established the 

From the Department of Pathology of the University of Minnesota Medical School and the 
Minneapolis General Hospital. 
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risk of death from fatal hemorrhage is pro!) ably higher than the operative 
mortality of a splenectomy in the hands of capable surgeons. 

In two cases bleeding from the gastrointestinal tract predominated. The 
hemorrhages varied from massive eeehymosis to petechiae involving the mucosa, 
walls, and serosa of the stomach, intestine, and colon. In one case the principal 
bleeding was from the urinary tract. The bleeding was largely from the mucosa 
of the renal pelvis and bladder. Large perirenal hematomas were not uncommon 
in other cases. Nine patients continued to suffer from widespread hemorrhages 
following splenectomies. In one patient, who died after a splenectomy, an 
accessory spleen that weighed 12 grams 3 was found at autopsy. 

The earlier investigators centered their interest largely upon the spleen. 
The normal adult spleen weighs approximately 150 grams. The average weight 
of twenty spleens in patients over 20 years of age in this series was 232 grams. 
The smallest weighed 103 grams and the largest 365 grams. It is seen that the 
spleen is only slightly enlarged and is not palpable. Pemberton 4 in a series of 
fifty-seven splenectomies for thrombocytopenic purpura found the average 
weight of the spleen to be 201.25 grams. However, he included in this series 
a spleen which weighed 700 grams in a 10-year-old child. 

The histologic findings in the spleen are negligible. The majority of spleens 
had a fairly normal histologic structure. The Malpighian corpuscles are prom- 
inent as observed commonly in young people. The sinuses of the pulp are fre- 
quently filled and distended with small groups of red blood cells. Small collec- 
tions of neutrophiles are fairly common. However, this is not sufficient to 
speak of a true splenitis. Slight fibrosis of the pulp was observed in one case. 
Nickerson and Sunderland 5 in five patients with essential thrombocytopenic 
purpura attached importance to the finding of megakaryocytes in the sinuses 
of the pulp. Megakaryocytes are occasionally seen in the sinuses of the pulp. 
The bone marrow in these patients usually contained large numbers of similar 
cells. Younger forms of megakaryocytes are difficult to distinguish from large 
reticulum cells of the splenic sinuses in the usual hematoxylin and eosin prep- 
arations. The lack of other signs of myeloid metaplasia in the spleen would 
indicate that these megakaryocytes are embolic from the bone marrow. Kaznel- 
son 6 reported finding phagocytosis of the platelets by the reticulo-endothelial 
cells of the splenic sinuses. Others have failed to find this phenomenon. It is 
extremely difficult to study phagocytosis of platelets in paraffin sections. The 
study of smears from the splenic vein at time of operation and imprints of the 
spleen before fixation would be a distinct aid in this direction. One can con- 
clude that the spleen shows no gross or microscopic changes which are charac- 
teristic of thrombocytopenic purpura. 

In recent years, the value of bone marrow studies in essential thrombo- 
cytopenic purpura has been widely recognized. Post-mortem autolysis and em- 
balming usually restrict bone marrow studies at autopsy to paraffin sections of 
fixed and decalcified material. Hence, one is at a disadvantage in studying 
minute cellular detail as compared to fresh material in the living patient 
stamed with some modification of the Komanowsky stain. Unfortunatelv in 
these thirty -six patients, the hone marrow was examined in only ten. Sections 
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were available for study in eight of the ten. In the patients not available for 
study, the bone marrow was described as negative for leukemia and normal 
megakaryocytes. In the remaining eight, three died following splenectomy. 
These three patients showed a marked reduction in the number of megakaryo- 
cytes in the marrow. Wo are rapidly beginning to realize that in any patient 
with thrombocytopenic purpura, where the marrow shows a marked decrease 
in number of megakaryocytes, the patient is likely to receive little benefit from 
a splenectomy. This is well illustrated by the following case in this series. 

A woman, 22 years of age, gave a history of bleeding from gums, vagina, and skin 
purpura beginning in February of 1942. lied blood count on admission to the hospital was 
1,200,000 cells per cubic millimeter; hemoglobin, 23 per cent (Sahli) ; leukocyte count, 7,700 
cells per cubic millimeter with 09 per cent ncutrophiles; platelet count, 55,000 per cubic 
millimeter; bleeding time, over 10 minutes; and coagulation time, 4 minutes. Three bone 
marrow aspirations showed an nbscnco of megakaryocytes and no evidence of leukemia. The 
patient was given six blood transfusions. On Feb. 2S, 1912, a splenectomy was dono as a 
possible lifesaving procedure. The platelet count rose but declined on the second post- 
operative day with a return of purpuric bleeding. The patient died on the fifth post- 
operative day from generalized purpura. The hone marrow at autopsy showed an absence 
of megakaryocytes. 

The bone marrow in the five patients not operated upon showed a marked 
increase in the number of megakaryocytes with the presence of many immature 
megakaryocytes. Every high power microscopic field had from one to several 
large megakaryocytes. The degree of platelet production on the part of mega- 
karyocytes could not be determined in the fixed tissue. These marrows other- 
wise appeared relatively normal except for a compensatory normoblastic 
erytliroid hyperplasia and myeloid hyperplasia compatible with a chronic bleed- 
ing state. Eosinophilia was not noted. Tiie question arises as to whether one 
should restrict the definition of essential thrombocytopenic purpura to only 
those cases that show a marked increase in number of megakaryocytes in the 
hone marrow together with the presence of immature megakaxyocytes. How- 
ever, some investigators, as Rosenthal, 7 refer to one type of idiopathic thrombo- 
cytopenic purpura where megakaryocytes are reduced in number. One would 
expect poor results from splenectomies in these cases. 

We are still ignorant as to the nature of the capillary defect and relation- 
ship of the spleen, platelets, and capillaries in this disease. The large number’s 
of megakaryocytes in the bone marrow would tend to show, as emphasized by 
Limarzi and Schleicher 8 and Dameshek and Miller,® that the lack of platelets 
is the result of a splenic depressing factor that interferes with the proper 
maturation of the megakaryocytes in the hone marrow. 

CONCLUSIONS 

1. The post-mortem findings of thirty-six patients with essential thrombo- 
cytopenic purpura are recorded. 

2. The average weight of the spleen in twenty adults was 232 grams. There 
were no characteristic histologic findings. 

3. Apart from the widespread hemorrhages, the presence of increased num- 
ber of megakaryocytes in the hone marrow is the most constant post-mortem 
finding in essential thrombocytopenic purpura. 
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EXPERIENCE "WITH PTEROYLGLUTAMIC (SYNTHETIC FOLIC) 
ACID IN THE TREATMENT OF PERNICIOUS ANEMIA 


Byron E. Hall, M.D., and Charles n. Watkins, M.D. 
Rochester, Minn. 


T nE synthesis of a compound known to have a specific stimulating effect on 
hematopoiesis in man and in certain laboratory animals was announced in 
August, 1945, by a group of sixteen investigators. 1 This substance, synthetic 
folic acid, was found to be identical with the Lactobacillus casci factor previ- 
ously derived in pure form from liver. 2 Extracts containing a substance or 
substances essential to the growth of Lactobacillus casci (and Streptococcus 
lactis I?) have been obtained from sources 3 ' 0 other than liver, namely, kidney, 
yeast, and the green leaves of many plants, notably spinach. As yet it is not 
known, however, whether the active principle in these extracts is identical with 
the synthetic compound or with the factor derived from liver.* 5 Spies and 
associates 7 considered synthetic folic acid to be a part of the vitamin B complex. 
The formula and the method of synthesis of the hepatic L. casci factor were 
published in May, 1946; “pteroylglutamic acid” was suggested as a name for 
this compound. 8 

In recent months reports have been published on the therapeutic effective- 
ness of pteroylglutamic (synthetic folic) acid in certain macrocytic anemias. 
The rationale of use of this substance in the treatment of anemias of the 
macrocytic type was based on the experimental work of Wills and associates 2 ' 10 
in England and of Day and co-workers 11 ' 14 in this country. These workers 
produced a dietaiy deficiency in monkeys characterized by macrocytic anemia, 
leukopenia, diarrhea, and oral lesions (necrosis and ulceration of the gums), 
a syndrome not unlike that of sprue in man. Day and co-workers postulated 
that the deficiency was due to an unknown substance for which the term “vita- 
min M” was proposed. Subsequently, the same group of investigators demon- 
strated that deficiency of vitamin M in monkeys could be treated successfully 
with a highly purified L . casci factor. 14 ’ 15 

The similarities of the sprue syndrome in man to the manifestations of 
deficiency of vitamin M in monkeys led two groups of investigators, Spies and 
associates and Darby and co-workers, to study the effect of the synthetic com- 
pound in patients with sprue. 7 ’ 10 ' 22 Clinical improvement characterized by 
disappearance of the glossitis, regeneration of lingual papillae, subsidence of 
diarrhea, and gain in weight was noted. Concomitantly, a marked hematologic 
response manifested by reticuloeytosis and a rise in values for hemoglobin and 
erythrocytes was observed. 

Studies on the therapeutic value of pteroylglutamic acid in other types of 
macrocytic anemia — addisonian pernicious anemia, pernicious anemia of preg- 
nancy, nutritional macrocytic anemia, and macrocytic anemia of infancy — now 
have been reported also. 7 ’ la ' 23 ' 2S Vilter and associates 10 and Moore and eo- 


Fron. the Division of Medicine, Mayo Clinic. 

Read before the Minnesota Society of Internal Medicine, Oct. 21, 1948. 

The nterovlglu’amic (synthetic folic) acid emplcyed in this study was furnished by Dr. 
Stanton M. Hardy, of the Dederle Laboratories, Inc., Pearl R ver. N. Y. 

•Rpfprence to vitamin Be and allied substances has been omitted, since evidence indicates 
ptthniieh related, they probably are not identical with p’eroylglu’amlc acid. The physio- 
logic action of vitamin Be on hematopoiesis, however, appears to be similar to that of pteroyl- 
glutamic acid. 
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workers 13 reported simultaneously in December 1 , 3 945, on the effect of pteroyl- 
glutamic acid in addisonian pernicious anemia in relapse. To the results 
observed in tlie seven cases reported by these investigators, Doan and asso- 
ciates 24 ’ 20 have added their observations in four eases, Kaufmann and Sch wager-' 
in two eases, Amill and Wright 28 in six cases, and Goldsmith 29 in four cases, 
making a total of twenty-three cases of pernicious anemia in relapse on which 
published data concerning the effects of pteroylglutamie acid therapy are avail- 
able. In these twenty-three cases the administration of pteroylglutamie acid, 
orally or parenterally, resulted in a reticulocyte response, an increase in values 
for hemoglobin and erythrocytes, and clinical improvement. Although studies 
on tlie effects of this form of therapy on the bone marrow of patients who had 
pernicious anemia in relapse have been made in several of the reported eases, 
detailed studies are available in only two instances. 24 ’ 20 In these eases the 
megaloblastic marrow of pernicious anemia in relapse was converted to a mar- 
row which approaches normal from the tenth to the fourteenth day of treatment. 

It is the purpose of this paper to record our observations on the effects of 
pteroylglutamie acid therapy in fourteen patients with classical addisonian 
pernicious anemia in relapse. We wish to emphasize particularly the changes 
observed in the bone marrow after the administration of this substance and 
the failure of the synthetic compound to relieve or prevent the development 
of gastrointestinal and neurologic manifestations of the disease. 


MATERIAL AND METHODS 

la nine of the fourteen cases included in this study the condition in question was seen 
for the first time, the diagnosis having been made just prior to treatment with pteroylglutamie 
acid. In the remaining five cases (Patients 1, 2, 3, 7, and 14) a sensitivity to liver extracts 
previously administered parenterally had developed in two (Patients 7 and 14), and the 
patients were in severe relapse at tlie time of their admission to tlie Mayo Clinic. Two 
others (Patients 2 and 3) in this group of five had been informed one year and three years 
previously that they had pernicious anemia, but they had neglected liver therapy over periods 
of many months. The fifth (Patient 1) had received a single intramuscular injection of 
liver extract one week before admission because his physician told him that he was anemic 
although the diagnosis of pernicious anemia apparently had not been established. Eight 
of the fourteen patients were women and six were men. Their ages ranged from 4S to 72 
years. Six of tlie fourteen patients were hospitalized during the first four to six weeks of 
treatment and were given a routine hospital diet. Tlie remaining eight patients were seen 
daily or even- second day in the clinic and were maintained on diets of an average protein 
content (70 Grn.). 

During the first two weeks of treatment erythrocyte and reticulocyte counts were made 
daily; subsequently, such counts were made even- second or third day. Reticulocvte per- 
centages were obtained by counting 1,000 cells on dry films stained 'with brilliant cresyl 
blue and counterstained with Wright’s stain (Griibler). The Sheard-Sanford photelometer 
was used for tlie determination of values for hemoglobin, and a Ha den erythrocytometer was 
employed for the determination of average erythrocyte diameters. Sternal puncture was 
performed in twelve of the fourteen cases prior to the institution of therapy and was re 
peated at intervals in each case, so that in the aggregate at least one puncture was nor 
formed for eacli day from tlie second to the tenth day of treatment. Both the oral ronto 
and the parenteral route of administration of pteroylglutamie acid were employed 




Hematologic Response . — The quantity of pterovMutamie aoid aj - • 
tcred. the route of administration, and the hematologic response in respectTo 
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each of tlic fourteen patients is shown in Table I. Peaks of the increase in 
reticulocytes occurred from the fifth to the fourteenth day after the institution 
of therapy, and the increases varied fivm PC to 17.fi per cent. These values, 
in general, are somewhat lower than those reported by other observers and are 
less than the reticulocyte peaks observed after liver therapy among patients 
who had pernicious anemia in similar states of relapse. 

Although treatment with pteroylgl utamic acid resulted in an increase in 
values for erythrocytes and hemoglobin in all eases, the rapidity of the increase 
was variable. In some cases the response appeared to be as rapid as that usually 
observed with liver therapy (Fig. 3 ), but in other cases it was decidedly delayed 
(Fig. 2). In three patients the values for erythrocytes did not increase above 
3,500,000 cells per cubic millimeter of blood, despite daily doses of 35 to 20 mg. 
over periods as long as eleven weeks (Patients 2, 9, and 13). In these three 
patients normal blood values subsequently were induced with liver therapy. 
Recession in the degree of macrocvtosis occurred in all eases, but a return to 
essentially normal cell diameters was observed in only three instances (Patients 
4, 11, and 14). 

Leukocyte counts of less than 5,000 cells per cubic millimeter were observed 
in six of the fourteen patients prior to treatment with pteroylglutamic acid. 
Treatment resulted in an increase in the number of leukocytes to normal in 
two cases (Patients 1 and 7), an increase with persistence of a subnormal value 
in two (Patients S and 14), and a decrease in two (Patients 2 and 12). Platelet 
determinations made prior to treatment with pteroylglutamic acid revealed 
thrombocytopenia in four of seven patients. After treatment, an increase in 
platelet values occurred in all four patients. 

In the twelve patients for whom sternal puncture was performed megalo- 
blastic regeneration in the bone marrow was found prior to treatment with folic 
acid. Treatment resulted in a rapid conversion to a normoblastic marrow, the 
conversion being essentially complete in seven to ten days. The changes ob- 
served are illustrated in material aspirated serially in a typical instance (Figs. 
3 to 5). 

Clinical Observations . — Although evaluation of subjective symptoms is 
more difficult than analysis of objective data, the impression was gained that 
in pernicious anemia in relapse treatment with pteroylglutamic acid resulted 
in less pronounced and less rapid subjective improvement than that commonly 
observed after the institution of liver thcrap 3 r . With the exception of two cases 
in which the hematologic response to pteroylglutamic acid therap 3 r was rapid, 
weakness persisted longer and the restoration of a sense of well-being, which 
often occurs with startling rapidity after the administration of liver extract, 
either was significantly delayed or did not occur. 

The results of treatment with pteroylglutamic acid over periods of many 
months on the glossitis and neural manifestations of pernicious anemia are 
summarized in Table II. Of seven patients who had glossitis, six improved 
under treatment; however, the improvement of four of these was slower than 
that observed with liver therap}', since one to three and a half months of therapy 
with acid were required for restoration of a normal tongue. Three of the six 
patients experienced recurrence of glossitis at a later date; in two of tliem 
(Patients 2 and 7) satisfactory hematologic remission was not induced, but in 




Days 


Fig. 1. — A satisfactory erythrocytic response (Patient It) to pterorlglutamic acid t heron v 
m permcious anemia in relapse. The increase in values for eryThrocnes and hem 0 "lobin was 
rapid, and the reticulocyte response appeared to be either maximal or very nearlv maximal 
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the third (Patient S) the hlood picture was essentially normal at the time of 
recurrence of the glossitis except for persistence of a slight degree of macrocj - 
tosis. The one (Patient 9) who obtained no abatement of the glossitis was 
treated with pteroylglutamic acid for only twenty-four days. Although therapj 
apparently failed hi this instance, the period of observation was too short to 
permit the formation of conclusions. 



Fie- 5a and 6. — a. Same case as concerned in Figs. 3 and 4. showing specimen of sternal 
bone marrow eight days after institution of pteroylglutamic acid therapy depicting active 
normoblastic regeneration ; a few scattered megaioblasts could stti! be found at this “ta^e 
(XG50) ; b. specimen of sternal marrow thirty-four days after the institution of p'erovi 
glutamic acid therapy, showing resumption of active mvelopoiesis as well as less intensive 
normoblastic regeneration (X650). 

Of the ten patients who had paresthesia in the extremities, eight improved, 
but the improvement of four patients was temporary. It is of interest that 
paresthesia recurred within two to four months after the institution of therapy 
at a time when three of the four patients no longer were anemic (Patients i 

atei interest is the observation that in two patients 
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Tabu: II. Effect of Administration of PteroyTiQiaitamic Acid on fii.os.sms and Xeurai, 
- Manifestations in Pernicious Anemia* 




instances observed 




i AFTER TREATMENT 


SIGN on SYMPTOM 

BEFORE 

TREATMENT 

IMPROVED, 

NO 

RECURRENCE 

IMPROVED 

TKMFO- 

RARII.Y, 

RECURRENCE 

UNIMPROVED 
OR WORSE 

FIRST APPEAR- 
ANCE DURING 
TREATMENT 

Glossitis 

7 

.*! 

:t 

li 

0 

Paresthesia 

10 

-1 

•i 

o 

O 

Subacute combine! de- 
generation of tlie 
spinal cord 

o 

0 

0 

21 

3 

Total 

10 

7 

7 

O 



•Based on the study of fourteen patients. 
•Short period of observation. 


who had not had paresthesia prior to treatment, this symptom developed five 
months after treatment had been started (Patients 3 and G). 

The condition of two patients who had peripheral neuropathy and early 
signs of subacute combined degeneration of the spinal cord (Patients 3 and 10) 
did not improve during five or six weeks of treatment. The size of the dose of 
pteroylglutamie acid administered to one of these patients was five limes greater 
(100 mg. daily) than that administered to the other, but during the short 
period the patient receiving the larger dose was under observation before treat- 
ment with liver extract was begun, the neural manifestations of the disease 
were not altered. Of particular significance was the development of early but 
definite signs of subacute combined degeneration of Ihc spinal cord in three 
patients who had not had involvement of the central nervous system prior to 
treatment with pteroylglutamie acid (Patients 3, 7, and 8). Two, however, 
had paresthesia in the extremities which abated temporarily after treatment 
and then recurred two to four months later. Signs of involvement of the spinal 
cord in these cases were loss of sense of vibration and sense of position in the 
lower limbs, slight incoordination, presence of the Romberg sign, slight but 
definite ataxia, and, in one patient, the bilateral presence of the Babinski great 
toe sign. The neural manifestations developed within two to five months after 
treatment with pteroylglutamie acid had begun. In one case (Patient S) they 
developed at a time when the number of erythrocytes was normal, although a 
slight degree of maerocytosis persisted. In another (Patient 3), in which the 
patient who had not had symptoms or signs of involvement of the nervous 
system prior to treatment with pteroylglutamie acid, a satisfactory hematologic 
remission was not induced, as manifested by persistence of maerocytosis and 
a value for erythrocytes that did not increase above 4,000,000 cells per cubic 
millimeter of blood, except on one occasion. One ease (Patient 7) is of special 
interest because the erythrocyte count increased from 1,150,500 to 4,000,000 
cells per cubic millimeter over a period of four months and then decreased to 
3,210,000 cells per cubic millimeter in the next five weeks (Pig. 6). During 
the period of decrease in number of erythrocytes and with the patient receiving 
a daily maintenance dose of 15 mg. of pteroylglutamie acid by mouth, glossitis 
and paresthesia in the extremities recurred and signs of subacute combined 
degeneration of the spinal cord developed. Inquiry into the diets of three 
patients revealed essentially normal diets in two (Patients 3 and 8), but the 
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diet ill one (Patient 7) was low in protein. In the latter instance the patient 
estimated that she had not received in excess of a half pound of animal protein 
weekly for a period of two months prior to the development of glossitis and 
the symptoms of involvement of the nervous system. She attributed the low 
intake of protein to the meat shortage prevailing during the summer of 1946. 



Days 


Fig. 6. — Diminution of the number of erythrocytes per cubic millimeter of blood in a 
patient with pernicious anemia receding orally a daily dose of 15 ms. of pterovlglutamic acid 
after an apparently satisfactory initial response to such therapy. In this case (Patient 7) 
relapse was due to cessation of li\er therapy, many months prior to the patient’s admission 
because of sensitnitv to iner extracts The presenting symptoms were glossitis and 
paresthesia in the lower extremities, but the signs of combined systemic disease were absent. 
During the first two months of treatment the glossitis and paresthesia abated but then re- 
curred and became moderately se\ere during the last few weeks of treatment During the 
period of the decrease in erythrocr tes. the early signs of subacute combined degeneration of 
the spinal cord dei eloped Desensitization of the patient to li\ er extract administered par- 
enterally then was carried out, and intensive liver therapy subsequently resulted in restitution 
or normal blood yalues and symptomatic improi ement. 


COMMENT 

Pterovlglutamic acid appears to be an essential nutrient for man, for vari- 
ous laboratory animals, and for certain microorganisms. An important phys- 
iologic property is the stimulating effect, of the aeid on hematopoiesis, which 
is most pronounced in certain, but not all, types of macrocytic anemia in man 
characterized by megaloblastic regeneration in the bone marrow. In this type 
of anemia, including addisonian pernicious anemia, the administration of the 
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synthetic compound results in the prompt conversion of a pathologic megalo- 
blastic form of erythropoiesis to a normal normoblastic form of ervthropoiesis. 
Concomitant with the changes observed in the bone marrow, a hematologic 
response occurs, characterized by reticuloeytosis and an increase in values for 
hemoglobin and erythrocytes. An increase in the number of leukocytes and 
platelets also occurs in most eases in which leukopenia and thrombocytopenia 
are found prior to treatment. 

Although the foregoing remarks on the hematopoietic-stimulating effect of 
pteroylglutamie acid applied, in general, to all cases of patients with pernicious 
anemia in our series, considerable variation in the rate of hematologic improve- 
ment occurred. Only three of fourteen patients who had pernicious anemia 
in relapse treated with pteroylglutamie acid showed an erythrocyte response 
comparable to that which occurs after liver therapy. In the remaining eleven 
cases the rate of increase of erythrocytes was significantly slower than the 
expected response to treatment with liver extract. In four cases normal values 
for erythrocytes were not attained after eight to ten weeks of treatment. Sub- 
sequent intensive liver therapy, however, resulted in the restitution of normal 
blood values in these four eases. It is of interest to note also that in the major- 
ity of our eases the reticulocyte responses to treatment with pteroylglutamie 
acid were lower than the standard maximal reticulocyte responses that have 
been established for various erythrocyte levels after the intramuscular admin- 
istration of liver extract. 30 '" 2 

Clinical improvement after pteroylglutamie acid therapy, as well as the 
hematologic response, was found to be variable in patients who had pernicious 
anemia in relapse, and often it was slower than the response observed with 
liver therapy. In a significant proportion of cases glossitis and neurologic 
manifestations of the disease either failed to abate or recurred after temporary 
abatement. Of greater significance was the development of signs of subacute 
combined degeneration of the spinal cord in three of the fourteen patients 
treated with pteroylglutamie acid in doses of 10.0 to 15.0 mg. administered 
daily by mouth for periods of two to five months.® These observations suggest 
that the ph.vsiologic action of pteroylglutamie acid on the alimentary tract and 
nervous system in pernicious anemia is not identical with that of the anti- 
pernicious anemia factor contained in liver, even though the action on the hone 
marrow is similar. 

Although pteroylglutamie acid has antianemic proper-ties, it is probable 
that this factor and the antipernicious anemia factor contained in liver are 
not the same. The quantity of pteroylglutamie acid contained in liver extracts 
is small. Clark 33 reported that various commercial liver extracts contain 0.25 
to 0.5 mierograms of the L. casci factor per U.S.P. unit. Thus, a patient re- 
ceiving 150 units of the antipernicious anemia factor in liver extract (10 c.c.) 
during the first ten days of treatment would receive only 5.5 micrograms of 
pteroylglutamie acid. Doses required for hemopoietic response are considerably 
larger. In our study the minimal amount of pteroylglutamie acid administered 


•Since this par - ■■ ‘t*-:-, Vi’*.--. Vilter, and Spies, at the annual meeting of the Cen- 
tral Society of Clinic 1 .: ■■ X ■■ - 1946. reported the development of combined system- 
ic disease in four 1 'is anemia after five to efcrht months of treatment 

rJith nferovlsrlutamic acid. The administration of 50 to 500 mg. of the L. casei factor for ten 
Tn fnrtv da vs did not result in subjective or objective improvement. We have learned also, in 
a personal communication, that L. Meyer of New Vork City previously had reported similar 
observations. 
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to tlie patient during the first ten days of treatment was 50,000 micrograms. 
However, hemopoietic responses have been obtained with as little as 20,000 
micrograms during the first ten days of therapy.- 1 * * 4 

It is obvious that the discovery and synthesis of pteroylglutamic acid are 
important advances in the fields of nutrition and hematology. The observation 
that this substance does not prevent the development of glossitis and neural 
manifestations in pernicious anemia, even after the induction of hematologic 
remission, in no way detracts from the significance of the demonstration that 
deficiency of a substance of known chemical composition profoundly inhibits 
erythrocytic maturation, and possibly the maturation of other elements, in the 
bone marrow. Although present evidence indicates that pteroylglutamic acid 
should not be employed as a form of replacement or substitution therapy in 
pernicious anemia, whether in relapse or remission, data concerning the useful- 
ness of tills agent in the treatment of other types of macrocytic anemia related 
to pernicious anemia are accumulating rapidly. In our experience pteroyl- 
glutamic acid therapy has been found to be particularly effective in the treat- 
ment of nutritional macrocytic anemia and macrocytic anemia of infancy. 

SUMMARY AND CONCLUSIONS 

Fourteen patients who had addisonian pernicious anemia in relapse were 
treated with pteroylglutamic (synthetic folic) acid over periods from twenty- 
four days to nine months. The most striking effect of tills form of therapy 
was observed in the bone marrow, erythropoiesis rapidly changing from a 
megaloblastic to a normoblastic type. However, considerable variation in the 
rate of erythrocytic regeneration was encountered, and in certain instances 
normal blood values were not obtained after several months of treatment with 
pteroylglutamic acid in doses generally thought to be relatively large. 

Symptomatic improvement also was variable. Treatment resulted in abate- 
ment of glossitis and peripheral neuropathy in most cases, but recurrence was 
common among persons maintained solely on this form of therapy for a period 
of months. Moreover, peripheral neuropathy and subacute combined degenera- 
tion of the spinal cord developed as new manifestations in a significant propor- 
tion of cases two to five months after treatment -was begun. In the light of 
these observations it is obvious that pteroylglutamic acid does not prevent the 
occurrence of degenerative disease of the peripheral nerves and spinal cord in 
pernicious anemia and that the use of this form of therapy as a substitute for 
extracts of liver or gastric mucosa subjects patients to the hazards of progres- 
sion or development of the neural manifestations of the disease. On the other 
hand, pteroylglutamic acid has been found to be an effective therapeutic arnrnt 
in certain macrocytic anemias related to pernicious anemia, a subject not con- 
sidered in the present paper. 
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THE EFFECT OF SYNTHETIC LACTOBACILLUS CASEI 
FACTOR ON THE BLOOD CHANGES INDUCED 
BY GASTRECTOMY IN THE RAT 

George M. Higgixs, Ph.D., c Rochester, Mixx., Dwight J. Ixgle, Pn.D.,f 
Kalamazoo, Mich., and Olive R. Joxesox,? Rochester, Mixx. 

O NE of the newest members of the group of water-soluble B vitamins is 
folic acid (synthetic Lactobacillus casci factor). The recognition of its 
function in the animal organism and its final synthesis 1 were the result of widely 
independent investigations in several laboratories extending over a period of 
fifteeen years or more. Factors foimd essential for the growth of microorgan- 
isms (L. casci and Streptococcus lactis R) and factors found essential for the 
nutrition of the chick (B e ) and of the monkey (vitamin M) may prove to have 
common physiologic significance. 

Snell and Peterson 2 in 1940 found that a yeast extract and a solubilized 
liver fraction were good sources of a growth factor essential for L. casei. 
Mitchell and associates 3 in 1941 first used the term “folic acid” to describe a 
factor which they obtained from spinach and which is essential for the growth 
of Str. lactis R. Liver, yeast, and other substances proved to be rich sources 
of this factor. Hogan and Parrott 4 in 1939 used the tern “vitamin B c ” to 
designate a dietary factor, obtained from a water-soluble extract of liver, which 
prevented macrocytic hyperehromic anemia in chicks. Pfiffner and co-workers 5 
in 1943 isolated a crystalline compound from liver, and Campbell and associates® 
in 1944 showed that this compound would prevent nutritional macrocytic 
anemia in chicks. The designation of Hogan and Parrott (vitamin B c ) was 
retained. The term “vitamin M” was employed by Day and associates 7 in 
1938 to designate that factor in yeast and in liver which protected monkeys 
from fatal dietary eytopenia. In 1945 Day and co-workers 3 expressed the belief 
that L. casei factor is identical with vitamin M. 

On the recognition that substances so widely scattered in nature are essen- 
tial growth factors and possess antianemic potencies, numerous reports of the 
influence of liver and yeast concentrates, known to contain L. casei factor, were 
reported. Experimental anemia was induced in various ways. Spicer and 
associates 9 in 1942 reported that the leukopenia induced in rats by sulfonamide 
drugs could be prevented with liver extracts containing this factor. Komber" 
and associates 10 in 1943 were able to correct severe granulocytopenia. Bv means 
of a folic acid concentrate Ransone and Elvehjem 11 in 1943 increased the 
leukocyte production in rats given sulfasuxidine. Likewise. Axelrod and co- 
workers 12 in 1943 corrected experimental leukopenia with a norite eluate factor 
or with whole liver. Higgins 13 in 1944 reported that a vitamin B c concentrate 
had a marked antianemic effect on rats given promin. 

•T>lvision of Experimental Medicine. Mayo Foundation, 
t Research Laboratories, The Upjohn Company. 

$ Research Assistant, Mayo Foundation. 


635 



636 


HIGGINS, INGLE, AND JONESON 


After tbc isolation of vitamin B c by Pfiffner and associates 5 in 1943 and 
of the L. casci factor by Hutchings and co-workers 14 in 1944, additional studies 
using purified products were reported. Using crystalline folic acid, Daft and 
Sebrell 15 in 1943 reported the correction of experimental granulocytopenia. 
Mallory and associates 10 in 1944 increased granulocyte percentages in rats made 
leukopenic with succinylsulfathiazole. Spontaneous granulocytopenia observed 
in a small percentage of rats fed purified diets was corrected by the L. casci 
factor (ICornberg and co-workers 17 in 1945). Likewise, L. casci factor was 
found by Kornberg and eo-workers 18 in 1944 to have a preventive as well as 
corrective action on induced hemorrhagic anemia. Granulocytopenia induced 
by thiourea, when thyroxin or powdered thyroid was given simultaneously, was 
found by Daft and associates 10 in 194G to bc corrected by crystalline L. casci 
factor. But neutropenia induced by the injection of benzol, a bone marrow 
depressant, 'was not corrected by folic acid, according to Platt and co-workers 70 
in 1946. The neutropenia following administration of sulfonamide compounds 
was considered to be due to a decrease of the number of coliform organisms 
which presumably synthesize the L. casci factor in the lower part of the in- 
testinal tract. Exogenous folic acid thus was able to correct the induced 
neutropenia. 

The extensive literature covering the reports of studies on the effects of 
L. casci factor on various cases of clinical anemia was reviewed by Berry and 
Spies 21 in 1946. Synthetic L. casci factor appeared to exert striking antianemic 
effects on the several types of macrocytic anemia and was found effective in 
inducing remissions in some cases of pernicious anemia. Goldsmith, 22 reporting 
late in 1946 her study of five patients who had severe anemia, stated that there 
was improvement in their physical condition as well as in their hematologic 
status on the administration of L. casci factor. Bothell and collaborators 23 in 
1946 stated that therapeutic effects were not obtained when the B c conjugate 
was given to a gastreetomized patient, but an equivalent amount of folic acid 
incited a significant hematologic response. 

Experimental gastrectomy has been shown to induce marked hematologic 
changes in some species of animals. The literature is extensive, and space does 
not permit a comprehensive review of the available reports. Briefly, the total 
removal of the stomach from rats (Jung, 21 1933; Maison and associates, 25 1933; 
Bussabarger and Jung, 20 1936; and Ivy, 27 1940) induced changes of body weight 
and severe hematologic changes including marked microcytosis. Large amounts 
of ferric ammonium citrate did not alter the weight curve but did improve the 
blood picture strikingly. A complete return to normal levels was difficult to 
attain with iron alone, but the administration of a concentrate of a liver protein 
with iron was reported to correct the hematologic dyscrasia. It was obvious 
that the stomach is an essential organ for the maintenance of health in the rat, 
but blood findings in any way resembling those of pernicious anemia did not 
ensue on its removal. 

Since synthetic L. casci factor has been shown to be corrective for certain 
clinical anemias, and since it has been shown to be effective in controlling cer- 
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tain nutritional anemias and other experimental anemias thought to be induced 
by altering intestinal flora by various drugs, a study was made of its effective- 
ness in correcting the blood changes incident to the removal of the stomach. 


EXPERIMENTAL PROCEDURES 

Healthy adult male rats of the Sprague-Dawley strain Mere selected. Gastrectomy was 
performed with the rats under ether anesthesia, the esophagus being joined to the duodenum 
by an end-to-side anastomosis. Sixteen animals were gastrectomized ; eight were not sub- 
mitted to operation and served as the control group. All animals, both control and test, 
were provided a purified diet consisting of (54 per cent sucrose, 24 per cent vitamin-free 
casein (Labco brand), G per cent corn oil, 2 per cent cod-liver oil, and a 4 per cent salt 
mixture ATo. 2, U.S.P. XH. Adequate amounts of thiamine, riboflavin, pyridoxine, niacin, 
calcium pantothenate, choline, inositol, and parn-amino-benzoic acid were supplied. "Water 
was provided ad libitum. All animals were maintained in metal cages, on metal screen 
three mesh to an inch, three animals to a cage. The average food intake was recorded daily 
for three two-week periods: immediately after operation, two months after operation, and 
seven months after operation. Animals were weighed at intervals of two weeks. 

Samples of blood, always obtained from the hearts of both control and test animals, 
were examined at three weeks, six weeks, three months, and five months after gastrectomy. 
Shortly after the five-month sampling, 200 micTOgrams of synthetic L. casei factor' were 
given to each control and test animal by stomach tube. Seventy-two hours later the blood 
was again examined and data were assembled. 

Two weeks later when the effects of the previous administration were presumably gone, 
the animals were fed the purified diet to which L. casei factor was added at a level of 100 
micrograms per gram. After fourteen days on this dietary regimen the blood was again 
sampled and the data were assembled. 

The purified diet, without the L. casci supplement, was again provided to the animals. 
After an interval of time sufficient to free the animals of the orally administered vitamin, 
all gastrectomized rats were given, each day for fourteen days, 400 micrograms of h. casei 
factor, intraperitoneally. At the end of this time the blood was again sampled and corre- 
sponding data were assembled. 

RESULTS 


All animals withstood the immediate postoperative period reasonablv well. 
Three died of obstruction at the site of the anastomosis within the first two 
weeks. Three died as a result of hemopericardium occasioned by heart punc- 
ture, and four died during the summer for reasons presumably unrelated to 
the study. In cases of obstruction an abseess usually developed at the site of 
anastomosis, and the body weight of the animal dropped rapidly. Only the six 
gastrectomized animals which survived the initial five-month period and were 
without obvious pathologic defects were used in the computation of the fol- 
lowing data. 

A. Food Intake.— In the initial period, soon after gastrectomy, control 
animals ate on the average 15.1 Gm. (63.4 calories) of the diet per dav. while 
the gastrectomized animals took 12.7 6m. (52.3 calories) per day. Two months 
later, the nongastrectomized control animals were eating 10.7 ' Gm. (44.9 cal- 
ories), while the gastrectomized animals were eating approximately an eqnal 
amount. 10.3 Gm. (43.2 calories) per day. This period of measuring the food 
intake was in midsummer, and it is our belief that the decline in the amount 
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consumed by the controls may have been owing to the higher temperatures 
and to the increased humidity levels of the season. Seven months after the 
operation, the control animals were eating on the average 31.7 Gm. (49.3 
calories), while the gastrectomized animals were taking 8.9 Gm. (37.4 calories) 
daily. Although the food intake appeared to be quite satisfactory, only slightly 
less being consumed by the gastrectomized animals than by their controls; yet, 
the gastrectomized animals appeared undernourished, their coats were rough 
and unkempt, and all showed marked evidence of nutritional deficiencies. 

B. Body Weights. — The average weight of the eight nongastreetomized 
control animals at the beginning of the experiment was 320 grams; that of the 
sixteen gastrectomized animals, constituting the test group, was 310 grams. 
The body weight data of the test group given in Table I were obtained from 
the six gastrectomized animals which bad survived for five months and which 
were continuously free of any obvious pathologic defect. 

Table J. Boev Weights i.v Grams 


COXTr.OI, TEST 


Preoperative 

320 

310 

Postoperative 



One week 

337 

200 

Two weeks 

332 

303 

One month 

301 

31 S 

Two months 

3S0 

324 

Five months 

372 

230 

Seven months 

335 

207 


It is obvious from these data that the gastrectomized animals lost weight 
for a brief period and then increased it slightly for two months after the opera- 
tion. Their weight then fell rapidly, a third of their preoperative weight having 
been lost at seven months. This loss may be owing to the fact that their food 
intake at this period was also nearly a third less than the amounts consumed 
daily during the early period after gastrectomy. 

C. Effect on the Blood of a Singh Oral Administration of Synthetic L. 
Casei Factor. — Data assembled from the heart bloods of normal and gastree- 
tomized rats, five months after operation, before, and seventy-two hours after 
giving 200 micrograms of L. casei factor by moutli are condensed in Tables II 


Table II. Blood Data Five Months After Gastrectomy 


' 

1 

j 

| ANIMALS ; 

erythro- 

cytes 

( MILLIONS 
PER 

ERYTHRO- 
CYTES 
(VOLUME 
IN CUBIC 
MICRONS) j 

HEMOGLO- 
BIN ((151. 
PER 100 
C.C.) 

| leuko- 
cytes 

(THOU- 
! RANDS 

PER G.MW.) 

f RETICULO- 
CYTES 
(PER 
CENT) 

Control 

4 

Before Giving L. casei Factor 

7.90 + 0.2* 53.4 + 2.5 14.3 ± 0.5 

11.8 ±1.1 

1.3 ±0.1 

Gastrectomized 

6 

S.90 + 0.1 

3S.9 + 1.3 

■ 9.0 + 0.S 

10.7 + 1.5 

4.1 + 0.4 

Seventv-Two Sours After Giving 200 Micrograms of Synthetic L. 

casei Factor Orally to 

Control 

Control and Gastrectoimsed Animals 

4 8.00 ± 0.3 46.4 ± 2.2 13.7 + 0.2 

9.S + 0.7 

3.6 + 0.0 

Gastrectomized 

0 

9.30 + 0.2 

35.5 + 0.5 

8.6 + 0.7 

10.S + 1.2 

6.4 ± 0.7 


•Probable error of the mean. 
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Table III. Blood Data Five Months After Gastrectomy 



l 

Differential distribution {per cent) 


TOTAL 

xeutro- 





GRANULOCYTES 



i 


| > 



neutrophils 


1 (THOU- 
SANDS 

1 PEF.C.MM.) 

’ 

LYMPHO' j 
COTES 

SlOSO- j 
j COTES 1 

EOSINO-j 

1 ehils 1 

j BASQ~ j 
1 PHILS ! 

arrEfco-j 

COTES 1 

3rErA3rrE- 

LOCVTES 

; , 

[mature 

Control 

00.0 ±3.9* 

Before Giving L. casei Factor 

0.5 3.5 0.4 3.7 

± 0.5 ± 0.6 4.2 ± 0.9 

27.7 

±2.7 

4.2 ±0.5 

Gastrec- 

tomized 

47.C ± 1.5 

0.6 

0.6 

0 

6.2 

±0.5 

2.S ± 0.6 

42.2 
± 2.2 

5.6 ±0.9 

Seventy-Tiro Hours After Giving S00 Mierograms of Synthetic L. casei Factor Orally 

Control 

53.6 ±3.9 

3.7 

3.5 
± 0.5 

0.2 

9.0 

± o.s 

2.0 ± 0.4 

30.0 

±2.8 

3.4 ± 0.1 

Gastrec- 

tomized 

44.3 ± 2.0 

0.5 

0.1 

0 

11.2 

±0.7 

3.6 ±0.0 

40.3 

±2.5 

5.8 ± 0.5 


‘Probable error of the mean . 


and III. Healtliy gastreetoraized animals nevei’ had low total erythrocyte 
counts. The mean of the data obtained from thirteen animals three weeks after 
operation was S, 550, 000 ± 200,000 cells per cubic millimeter of blood. At that 
time their erythrocyte volumes and their hemoglobin levels did not differ from 
those values found in the nongastreetomized control animals. At five months, 
however, there was significant microcytosis and the amount of hemoglobin in 
grains per 100 c.c. of blood was greatly reduced. 

A single administration of L. casei factor was without significant effect on 
the total erythrocyte count, the erythrocyte volumes, the grams of hemoglobin, 
or the total leukocyte count. * Slightly significant elevations, however, were 
obtained in the reticulocyte percentages. In the data on leukocytes we observed 
some increase of the percentages of myelocytes in the blood of both control and 
test animals, but the total number of neutrophilic leukocytes was not increased. 
The conclusion was indicated that a single oral administration of the factor, 
in the amounts given, was without significant effect on the blood, seventy-two 
hours later. 

D. Effect on the Blood of Including Synthetic L. Cusci Factor in the Diet, 
at a Level of 100 Micrograms Per Gram. — Data assembled before placing ani- 
mals on the diet, supplemented by L. casei factor, and those assembled after 
feeding this diet for two weeks are condensed in Tables IV and V. Although 
control animals took an average of 1,160 mierograms of the factor daily and 
test animals took an average of 920 mierograms daily, significant changes were 
not observed in the total number of erythrocytes per cubic millimeter, the 
volumes of erythrocytes, or the hemoglobin levels in gastrectomized animals. 
Again, there was a significant increase in the reticulocyte percentages in the 
test series. Although the percentage of lymphocytes in the blood of test animals 
dropped from 61.6 to 30.7. the total number of lymphocytes remained unchanged 
as a result of taking large amounts of the factor for fourteen davs. 

A marked increase, however, occurred in the percentage and in the total 
number of immature and mature neutrophilic granulocytes? These increments 
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Table JY. Blood Data 


■ "j 

. . - ( 

i 

ANIMALS 

1.KYUIEO- 

CYTES 

(MILLIONS 

run c.mm.) 

kuyviiro- j 

■VIES | 

(VOLUME 

IN CUBIC 
MICRONS) 

HEMOOI.O- 
BIN (CM. 
PEI! 100 
C.C.) 

LF.UKO- 

evrrs 

| (THOU- 

SANDS 
[ PER C.MM.) 

l RLTICELO- 
1 CYTES (PER 

cent) 

Control 

Piior to Giving Synthetic L. 

o s.-t:; ± 0 . 3 * no..") + 02 

casei Factor 
11.4 + 0.2 

8.0 + 0.0 

2.3 ±0.3 

Gastrcc- 

tomized 

5 

S.46 ± 0.2 

30.9 ±1.7 

0.0 ± 0.3 

5.2 + 0.7 

3.2 ± 0.3 

Two Weeks Later 

: Synthetic L. casei Factor in Diet at Level of 100 Micrograms per Gram; 

Average Daily Intake: 

Controls. J ,100 Minorjra jus and Gash cctomiccd A^rsois, 

Control 

3 

920 

S.53 + 0.1 

Micrograms 
50,4 + 3.S 

15.1 + 0.0 

O.S + 1.3 

1.0 ±0.1 

Gastiec- 

tomized 

5 

7.02 + 0.5 

39.3 + O.S 

7.3 + 0.0 

10.S ± 3.2 

5.0 ± 0.7 


•Piobable error oC the mean. 


Table V. Blood Data 


! 


DIFFERENTIAL DISTRIBUTION (PER CENT) 

total 

neutro- 



1 

I 

i 


CRANUEOCYTES 

! 






NEUTROPHILS 

phils 


LYMPHO- 
CYTES j 

| MONO 
| CYTES 

EOSI.NO- 

[ Phils ! 

BASO- 

PHILS 

MYELO- 

CYTES 

META- 
MYELO- 
CYTES MATURE 

(thou- 
sands per 
C.MM.) 


Prior to Giving Synthetic L. ease! 

FVtrfor in. Diet 


Control 

Gnstrcc- 

00.0 
+ 0.3 ‘ 

1.5 
+ 0.1 

*> o 
«»«•» 

+ 0.1 

1.0 
+ 0.1 

1.0 
+ 0.1 

2.0 21.0 + 4.8 

± 0.2 

2.4 ± 0.7 

tomized 

01.0 
+ 3.1 

O.S 

0 

0 

3.4 
+ 0.2 

1.2 133.0 ±3.1 

±0.1 

1.9 t 0.2 


Two Weeks Later; Synthetic L. casei Factor in Fid at Level of 100 Microgiams per Giam; 


Avciagc Daily Intake: Controls, 1,100 Micrograms and Gastrcctomiscd Animals, 

900 Micrograms 


Conti ol 

Gastrcc- 

30.0 
+ 0.4 

0 

3.5 

±0.1 

0 

7.5 
+ 1.0 

+ 0.9 

35.5 + 2.1 

4.0 ± 0.0 

tomized 

30.7 

±1.7 

0 

1.0 
+ 0.1 

0 

lo.n 

±0.4 

4 0 
+ 1.1 

53.7 + 2.3 

7.2 + 0.7 


"Probable crior of the mean. 


Table VI. Blood Data After Giving Synthetic h. casei Factor (400 Micrograms) 
Inti: aperito neally Daily for Fourteen Days to Gastrectomized Animals 


ERYTHROCYTES 1 
(MILLIONS PER 1 
C.MM.) 

ERYTHROCYTES I 
(VOLUMES IN ! 

CUBIC MICRONS) j 

HEMOGLOBIN 
(CM. PER 

1 00 C.C.) 

LEUKOCYTES 

(THOUSANDS 

PER C.MM.) 

RETICULOCYTES 

(PER cent) 

S.30 + 0.3 r 

3S.3 + 1.0 

7.0 ± O.S 

14.5 + 1.3 

0.1 + 1.2 


lympho 

cytes 



! 

mono- 1 

CYTES 

GRANULOCYTES | 

I eosino- 1 

| PHILS 

| BASO- ! 
| PHILS 

j NEUTROPHILS ] 

MYELO- 1 
CYTES ; 

META- 

MYELO- 

CYTES 

I MATURE 


21.0 

± 2.1 


0.2 


2.0 
+ 0.1 


40.6 
+ 4.4 


♦Probable error of the mean. 


TOTAL 

NEUTROPHILS 
(THOUSANDS 
PER C.MM.) 


11.1 
+ 1.1 


22.0 

+ 3.4 


7.0 

+ 1.0 
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were more marked in test animals than in the controls. Percentages of mye- 
locytes increased from 3.4 to 10.0 ; of metamyelocytes, from 1.2 to 4.0 ; and of 
mature granulocytes, from 33.0 to 53.7. Thus, as a result of providing the 
L. casei factor in the diet for fourteen days, myeloid stimulation produced an 
absolute increase of total circulating neutrophilic granulocytes from 1,900 to 
7,200 per cubic millimeter of blood. 

E. Effect on the Blood of Gastrectomized Bats of Injecting 400 Micrograms 
of Synthetic L. Casei Factor Intraperitoneally Daily for Fourteen Days . — 
Since me mished to avoid the risk of losing valuable animals, data on the blood 
mere not assembled prior to the intraperitoneal injections of L. casei factor. 
Tmo -weeks had elapsed, however, since the conclusion of the preceding experi- 
ment; so that me had reason to believe that the blood picture had reverted to 
levels previously recorded. The data assembled after fourteen daily injections 
are condensed in Table VI. 

Parenteral administration of the factor mas -without effect on the total 
erythrocyte count, the size of erythrocytes, or the grams of hemoglobin per 100 
e.c. of blood. There mas a slightly greater increase in the percentage of retic- 
ulocytes and a considerably greater increase in the total number of leukocytes 
than occurred when more than twice the amount of the factor mas taken with 
the diet for the same length of time. Again, the total number of lymphocytes 
per cubic millimeter of blood remained unchanged as a result of these daily 
injections. However, the percentages of myelocytes and metamyelocytes mere 
both significantly higher, and the total number of neutrophilic granulocytes per 
cubic millimeter of blood increased from the previous level of 1,900 to 11,100. 

It seems obvious from our data that neither the oral nor the parenteral 
administration of synthetic L. casei factor to gastrectomized rats produced a 
significant effect on the total erythrocyte count, the volumes of erythrocytes, or 
the grams of hemoglobin per 100 e.c. of blood. It had a decided effect, how- 
ever, on the myeloid series of leukocytes and its prolonged administration (tmo 
weeks) either parenterally or orally resulted in a marked increase of the num- 
bers of immature and mature neutrophilic granulocytes in the circulating blood. 

SUMMARY 

A study is reported of the effects on the blood changes induced by gastrec- 
tomy in white rats, of giving synthetic L. casei factor. Sixteen adult male 
rats mere gastrectomized. Of these, six survived for five months and mere used 
as test animals. All mere without obvious signs of any' gross pathologic changes 
as a result of the surgical intervention, but all showed evidence of malnutrition', 
manifested by progressive loss of weight, and by their rough and discolored 
coats. Eight nongastreetomized rats served as controls. 

Five months after gastrectomy, the total erythrocyte counts mere normal 
the hemoglobin levels mere reduced, and marked microcytosis had developed! 
Seventy -tmo hours after a single administration of synthetic L. casei factor (200 
micrograms) , a slight but significant elevation of the percentage of retieulocvtes 
mas obtained, but there mere no changes in the total erythrocyte counts the 
volumes of erythrocytes, the hemoglobin levels, or the total leukocyte counts 
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When L. casci factor was added to the purified diet, at a level of 100 micro- 
grams per gram, and fed to gastrectomizcd rats for fourteen days, changes did 
not occur in the total numbers of erythrocytes, the volumes of erythrocytes, or 
the levels of hemoglobin. Slightly significant increases occurred in the per- 
centages of reticulocytes and markedly significant increases occurred in the 
total numbers of leukocytes. This increase of the number of leukocytes was 
due entirely to a myeloid stimulation, for the numbers of lymphocytes remained 
unchanged. There was a marked increase of the total number of circulating 
myelocytes, metamyelocytes, and mature neutrophilic granulocytes. 

When L. casci factor was injected intrapcritoneally daily for fourteen days 
in amounts equivalent to 400 micrograms, a marked myeloid stimulation like- 
wise occurred. Of the total leukocytes present, 22.6 per cent were myelocytes, 
7.0 per cent were metamyelocytes, and 46.6 per cent were mature neutrophilic 
granulocytes. Thus, of the total number of ch’culating leukocytes, 76.2 per 
cent were neutrophilic granulocytes. The parenteral administration of the 
factor was more effective than providing the factor in the diet. 
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PERNICIOUS ANEMIA AND SUSCEPTIBILITY TO 
GASTRIC NEOPLASMS 


JIexry S. Kaplan, M.D., New Haven, Conn., axi> Leo G. Higler, M.D., 

Minneapolis, Minx. 

W ITHIN the past fifteen years, increasing attention lias been drawn to the 
coexistence of pernicious anemia and epithelial tumors of the stomach. 
That this association is more than accidental has been demonstrated by a number 
of large-scale statistical studies of both post-mortem and living cases. Never- 
theless, clinical recognition of this fact has been limited and efforts at utilization 
of pernicious anemia as an “indicator” for the detection of gastric carcinoma 
in its early stages have been all too few. For this reason, it was thought worth- 
while to review the evidence on this subject anew and to discuss its significance 
in gastric cancer detection programs. 


STATISTICAL CONSIDERATIONS 


The numerous individual ease reports of coexisting addisoninn anemia and 
gastric cancer have been collected by Cotti, 10 Kaplan and Rigler, 23 and others. 
These have little or no statistical value and will be omitted from this discussion. 
Similarly, reports of multiple cases of this type have been published by 
Jenner, :c Strandell, 51 Cotti, 19 Murphy and Howard,' 11 and others. In most of 
these the anemia had been present for years before the appearance of the gastric 
tumor, the longest interval being seventeen years in the case cited by Miller. 38 
This observation was confirmed by Doehring and Eusterman, 15 who found that 
the average duration of pernicious anemia prior to the onset of symptoms 
attributable to the gastric cancer was S.7 years in their series. 

Comparison of the reports from the Mayo Clinic over a period of twenty- 
five years reveals a distinct increase in the incidence of gastric cancer in patients 
with pernicious anemia. In the first publication by Giffin and Bowler, 17 only 
one gastric carcinoma and four other malignant tumors were noted in a series 
of 628 cases. In the period from 1925 to 1930, Conner and Birkcland 0 found 
twenty cases of cancer of the stomach among 65S patients with pernicious anemia. 
Washburn and Rozendaal 02 collected eleven more such cases in the next three- 
year period. Finally, Doehring and Eusterman 13 reported seventeen additional 
cases in a series of 1,014 patients with pernicious anemia studied from 1935 to 
1939. The greatly increased life expectancy of individuals with addisonian 
anemia since the introduction of liver therapy is generally offered as an explana- 
tion for this apparent increase in gastric cancer morbidity among them. 

Not .only cancer but adenomatous polyps of the stomach have frequently 
been reported in association with pernicious anemia. 12 - 1D - 02 Velde 00 found six 
such eases (14 per cent) in a series of forty-two patients with pernicious anemia, 
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as contrasted with an incidence of 0.71 per cent in a control series of 1,271 
patients with other diseases. Such observations assume added significance when 
the apparently preeancerous nature of gastric polyps is considered. In 1930, 
Miller and' associates 30 reported eight personal cases and twenty-four others 
from the literature in which adenomatous gastric polyps had developed into frank 
carcinomas. Stewart 53 found carcinoma associated with thirteen of forty-seven 
gastric polyps, and several other observations of similar character have since 
appeared . 33 ’ 35 ’ 44 Accordingly, the demonstration of a gastric polyp in associa- 
tion with pernicious anemia may be considered to approach in significance the 
demonstration of carcinoma per se. 

These case reports, even in large series, are merely suggestive of a relation- 
ship between the two diseases. A statistical approach is essential to determine 
whether the frequency with which they are associated is greater than can reason- 
ably be expected on the basis of chance alone. Several studies of this type have 
appeared, all of which have revealed a frequency of coexistence significantly 
greater than would have been predicted by probability. 

Rambaeh 43 encountered 641 eases of gastric carcinoma and fifty of pernicious 
anemia in a series of 11,849 post-mortem examinations. In eleven cases the 
two diseases were present together, an incidence roughly five times greater than 
that due merely to chance. Jenner 26 noted five gastric carcinomas, four benign 
gastric tumors, and only one extragastric malignant neoplasm in a series of 
seventy-six autopsied eases of pernicious anemia. Brown 5 studied 151 cases of 
pernicious anemia in a total of 18,200 post-mortem examinations; twelve of 
these (8 per cent) had gastric polyps and one had a carcinoma of the stomach. 
The incidence of gastric polyps in the other autopsies is given as 0.003 per cent, 
which must be an error. However, even when the generally reported autopsy 
incidence of 0.5 per cent is used for comparison, the number of polyps in the 
pernicious anemia series is still significantly high. 

In addition to the cases found at necropsy, some statistical studies on the 
morbidity of coexistent pernicious anemia and tumors of the stomach have 
appeared. Jenner 26 discovered eight cases of gastric cancer in 1S1 patients 
with pernicious anemia. He computed the expected morbidity of gastric cancer 
per decade among the living population of Amsterdam and found that the actual 
frequency in his ’pernicious anemia series was twelve times that in the “normal” 
population of comparable age. Yan der Sande 50 similarly calculated morbidity 
statistics and likewise concluded that the two diseases were associated more 
often than chance alone would decree. Cotti 10 compiled all of the published case 
reports in which pernicious anemia had been associated with a malignant tumor 
and found that the stomach was the primary site in ninety-three of 107 cases or 
S6 per cent of the entire series. Since cancer of the stomach represents onlv 
about 20 to 40 per cent of all cancers in the general living population, the 
marked predilection for this organ in patients with pernicious anemia is another 
link in the chain of corroboratory evidence. 

In an attempt to eliminate certain possible sources of error in previous 
publications on the subject, Kaplan and Rigid" 5 studied all cases of pernicious 
anemia, carcinoma of the stomach, and carcinoma of the colon, cecum, and rectum 
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recorded in .a series of 43,021 consecutive autopsies performed by the Depart- 
ment of Pathology of the University of Minnesota. When corrections were 
applied for error's in the recorded diagnosis of pernicious anemia, an estimated 
total of 293 cases of this disease were available for study. Of these, thirty- 
six also had carcinoma of the stomach, seven had gastric polyps, and four had 
earcinojna of the colon, rectum, or cecum. Statistical analysis revealed that 
only twelve cases of carcinoma of the stomach would have been expected. The 
probability that the observed number was due to chance alone was less than 
one in one billion. It is apparent, therefore, from all of the foregoing evidence, 
that some etiologic relationship must exist between pernicious anemia and 
gastric epithelial tumors. 


THEORETIC CONSIDERATIONS 

The precise nature of this relationship, however, is still far from clear. On 
a purely hypothetic basis at least three possibilities can be enumerated: (1) 
Pernicious anemia directly produces a precancerous state in the stomach; (2) 
gastric cancer causes pernicious anemia; and (3) the two diseases arc linked 
through a precursor or manifestation common to both. 

It seems very unlikely that pernicious anemia is a direct cause of gastric 
tumors, although conclusive proof to this effect is lacking. That the disease is 
often in remission at the time when the cancer appears is a common observation, 
and Dyke and Harvey 13 observed several patients in whom adequate anti- 
pernicious anemia therapy for a number of years did not prevent the develop- 
ment of gastric carcinoma. The incidence of gastric cancer does not appear to be 
elevated in patients with other types of anemia, which suggests that anemia 
per se is not an important etiologic factor. 

If cancer of the stomach were caused by exogenous agents in the diet, acting 
while in direct contact with the gastric mucosa, then the observation by Jacobson 
and Palmer 23 of prolonged gastric emptying time in patients with pernicious 
anemia in relapse might throw some light on the association of the two diseases. 
Although Roffo 4 ® has reported the induction of gastric tumors in rats fed heated 
fats or cholesterol, Kirby 2 ® and others have been unable to corroborate these 
results, and gastric carcinogens in the human diet are still hypothetic. 

Cayer and associates® studied vitamin levels in patients ’ with pernicious 
anemia and found that the levels of nicotinic acid, riboflavin, and thiamin were 
all significantly reduced. Although vitamins play a selective and important 
role in the experimental induction of liver cancer, their possible relation to 
gastric cancer development is entirely unknown. 

Likewise, the possibility that gastric cancer causes pernicious anemia can 
be quickly disposed of by recalling that in many instances where the two have 
been associated, the latter disease was present for a number of years prior to 
the appearance of the neoplasm. Because of the frequent occurrence, in patients 
with gastric cancer, of macrocytic anemias superficially resembling pernicious 
anemia, some confusion on this point appears to have existed in former years. 

In a recent hematologic survey of 127 patients with gastric cancer, Oppen- 
heim and co-workers 42 found a state of anemia in seventy-eight, or 64 per cent. 
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The anemia was macrocytic in twenty-five cases, normocvtic in thirty-five, and 
microcytic in eighteen. Leukopenia was absent in all but one, sternal marrow 
studies did not show failure of maturation and the other characteristic features 
of pernicious anemia, free hydrochloric acid was often present in the gastric 
secretions, and a typical reticulocyte response to intramuscular liver extract 
could not be elicited in some of these cases. Inasmuch as evidence of extensive 
hepatic insufficiency had previously been found in many patients with carcinoma 
of the stomach . 3 these authors were inclined to attribute the macrocytic anemias 
observed in their series to hepatic damage. No instance of true pernicious anemia 
was encountered in this study, a fact which seems at variance with the evidence 
previously presented. However, the incidence of pernicious anemia in other 
large series of gastric cancers, though significantly elevated, has still been only a 
few per cent. Moreover, in a number of personally observed cases, patients with 
treated pernicious anemia in remission developed microcytic anemias due to 
chronic hemorrhage following the appearance of their gastric cancers. In such 
eases the existence of an underhung pernicious anemia would have been com- 
pletely masked except for the previous history. It is obvious, therefore, that in 
the series reported by Oppenheim and associates 42 the few cases of pernicious 
anemia that might ordinarily have been expected could well have been absent 
on a chance basis alone or obscured by the development of some complication 
such as chronic blood loss. 


It is, of course, theoretically possible for a diffusely infiltrating cancer to 
destroy the entire gastric mucosa responsible for the formation of “intrinsic 
factor” and thus produce “secondary” pernicious anemia. Until recently, the 
absence of this complication in subtotally gastrectomized patients 23 was difficult 
to reconcile with the demonstration by Meulengracht 36 that the pyloric portion 
of the sheep stomach was the site of formation of intrinsic factor. This dis- 
crepancy has been resolved by the work of Pox and Castle , 16 who found that the 
human stomach differs from that of the sheep by the fact that the intrinsic factor 
is elaborated in the fundie rather than in the pyloric portion. Thus, gastrectomy 
would have to be total, including the entire cardia, in order to produce pernicious 
anemia as a sequel. In a recent review article, Bethell and co-workers 2 expressed 
the opinion that all patients surviving total gastrectomy for any prolonged 
period of time will develop pernicious anemia. Similarly, extensive cancers of 
the fundus and cardia of the stomach might conceivably cause secondarv 
pernicious anemia, but such instances must be quite rare. 

It is apparent, therefore, that the majority of cases in which the two 
diseases coexist must lie explained in some other way. A number of features 
common to both conditions immediately come to mind as possible links between 
them. These factors include achlorhydria and achylia, atrophic gastritis, and 
heredity. A hypothetic diagram representing the possible relationships has 
been published by Rigler and associates . 45 


Haring 10 suggested that the functional deficiency of the gastric mucosa 
which results in achlorhydria and achylia also acts as a stimulus to proliferation 
and finally to neoplasia, in a manner analogous to the development of goiter and 
adenomas of the thyroid in iodine deficiency states. However, the frequenev of 
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achlorhydria is far greater than that of gastric carcinoma, indicating that it is 
certainly not a dominant etiologie factor. Bloomfield and Polland 3 closely 
followed a group of forty-three apparently healthy individuals with persistent 
histamine-refractory anacidity for a number of years and observed neither 
gastric cancer nor pernicious anemia in any member of the group. 

Gastritis has been considered an etiologie precursor of pernicious 
anemia. 14 ’ 33 However, Magnus and Unglcy 34 carefully studied the stomachs 
of patients with pernicious anemia and found no inflammatory changes. Simple 
atrophy of the mucosa in the gastric fundus and corpus was the only consistent 
abnormality. It has been reported that on serial gasfroscopic examination, the 
atrophy and “gastritis” seen in patients with pernicious anemia in relapse 
often disappears after adequate liver therapy . 27 It is not likely that an essential 
etiologie factor in a disease would disappear in this manner. Moreover, 
Moschcowitz 40 has pointed out that achlorhydria and achylia frequently exist for 
years in the absence of atrophic gastritis, the latter appearing only after the 
other manifestations of pernicious anemia become apparent. Thus, the weight 
of evidence would indicate that gastritis is not necessarily a causative factor 
in pernicious anemia. 

The alternative possibility that gastritis is a prccancerous lesion has been 
expounded for years by Konjetzny 31 and others. The frequent demonstration 
of gastritis in cancerous stomachs naturally suggests a causal relationship, and 
Warren and Meissner 01 have pointed out the histologic similarity between the 
severe epithelial changes in some cases of gastritis and the morphologic appear- 
ance of known prccancerous lesions elsewhere. Torgerson 38 studied the distribu- 
tion of gastric cancers in unselccted cases an d in patients with associated 
pernicious anemia and found that the proportion of tumors arising in the fundus 
was distinctly higher in the latter group. Because of the known tendency of 
mucosal atrophy in pernicious anemia to affect the fundus and corpus more than 
the pylorus, he felt that this distribution of tumors argued for the precancerous 
nature of atrophic gastritis. However, such evidence is only circumstantial; the 
careful studies of Ilebbol 20 and Guiss and Stewart 13 have failed to demonstrate 
that gastritis is more common in cancerous stomachs than in those of other 
individuals of comparable age. Thus, although we cannot refute the possibility 
that chronic gastritis leads to gastric cancer, present evidence lends little or no 
support to this view. 

The observation of familial - tendencies in both pernicious anemia and 
gastric cancer indicates that common constitutional or hereditary factors may 
link the etiologies of the two diseases. Conner 8 first demonstrated the high 
incidence of achlorhydria in relatives of patients with pernicious anemia. 
Schwartz 50 reported that IS per cent of a series of patients with pernicious 
anemia also had relatives with the disease. Among the numerous individual 
case reports in which pernicious anemia appeared in more than one generation 
of the same family are those of Faber and Gram 15 and MacLachlan and Kline . 33 
The evidence for a familial component in the etiology of pernicious anemia has 
been summarized and discussed at length by Meulengracht 37 and by Mosch- 
eowitz . 40 
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Pernicious anemia and gastric eanccr have been reported separately or to- 
gether in several members and in more than one generation of many families. 
The cases of Borovanska-Felldova 4 and Thiele- 7 are particularly striking examples 
of this type. Zancan,® 3 in a geneaologic study of seventy-four patients with 
pernicious anemia, found evidence of nine carcinomas among their blood rela- 
tives, of which six arose in the stomach. He traced a parallel series of rela- 
tives of patients with gastric cancer and found that their incidence of gastric 
cancer was actually lower than that of the group related to patients with 
pernicious anemia. While such observations are not statistically conclusive, 
present evidence, though inadequate, favors the thesis that the two diseases are 
linked through common hereditary influences.' 

Ivy - 4 recently suggested that a study of blood groups in patients with 
these coexisting diseases and in their blood relatives might yield further informa- 
tion along these lines. In his opinion, the fact that the gastric mucosa is a 
known storage site for the blood group-specific agglutinins may even have a 
direct bearing on the incidence of gastric cancer. 

One additional hypothesis remains to be discussed. The increasing number 
of ease reports of coexisting pernicious anemia and gastric cancer since the 
advent of liver therapy was attributed by Saltzman 4S to the longer survival 
period of patients with pernicious anemia, a view that has been generally 
accepted. However, Teufl 50 rejected this explanation and speculated that liver 
extract itself might contain a weak carcinogenic agent which on prolonged 
administration could lead to cancer in susceptible individuals. This rather 
startling suggestion finds some experimental support in the work of Kleinenberg 
and associates, 30 Steiner, 52 and several others who have shown that certain frac- 
tions of the livers of both cancerous and noncancerous individuals, when injected 
into mice or rats, will elicit malignant neoplasms at the site of injection in a 
small percentage of animals. It has been demonstrated by Strong and co- 
workers 55 that animals genetically selected for resistance to the local effects of 
a carcinogen may exhibit secondary susceptibility to the same agent at a 
remote site. In the light of such evidence, the possible carcinogenicity of 
therapeutic liver extracts may well deserve further study. 

THE EARLY- DETECTION OF GASTRIC CANCER 

Recent advances in surgery have made possible the salvage of at least 25 
per cent of patients with early, operable cancer of the stomach. [Refinements in 
gastroscopic and roentgenologic technique have greatly improved the accuraey 
of diagnosis of such lesions. Were it not for the fact that early gastric cancer 
is generally asymptomatic, a considerable proportion of patients now dyin" 
of this condition could be saved. Thus, the chief problem in gastric cancer is 
becoming, more and more, its detection on a practical scale in asymptomatic 
individuals. 

The most obvious way to attack this problem is to examine routinely, by 
roentgenologic or gastroscopic methods or both, all patients in the gastric 
cancer-bearing age. However, morbidity statistics compiled bv Collins and 
associates 7 indicate that at any one time only three individuals per 1,000 in the 


650 


KAI'LAN’ A Nil lilGLl-Ili 


living population over 40 years of age would he likely 1o have a carcinoma of 
the stomach. On 1 he basis of these figures, any mass survey in which no 
selection of patients was employed would entail an enormous expenditure of 
time, effort, and money with a very small yield of tumors. This prediction 
has been confirmed by the work of St. John and co-workers.' 17 These investiga- 
tors, using a rapid fluoroscopic technique, examined over 2,400 asymptomatic 
individuals past 50 years of age and discovered only two carcinomas and one 
lymphosarcoma of the stomach. More recently, Dailey and Miller” studied 500 
apparently healthy men 45 years of age or over and encountered no malignant 
tumors of the stomach. Such results emphasize the necessity of selecting patients 
for routine periodic examinations of the stomach on the basis of some pre- 
existing disease, symptom, or other criterion with which the occurrence of 
gastric cancer can be shown to be associated more frequently than in the general 
population. 

To date, the only known indicator of this type is pernicious anemia. Two 
yeai-s ago, Riglcr and associates 4 ' presented the results of serial roentgenologic 
and gastroseopic examinations in a series of patients with this disease. At that 
time. 211 patients had been examined one or more times; of these, seventeen (S.O 
per cent) were found to have carcinoma of the stomach, and fifteen (7.1 per 
cent) had benign polyps. Since then, forty-eight new cases of pernicious anemia 
have been examined at the University of Minnesota, yielding one additional 
gastric cancer and two individuals with benign polyps. The summarized data 
are given in Table T. Comparison of these results with the morbidity, previously 
cited, of gastric cancer in unselected cases of comparable age reveals clearly the 
striking “concentration” of carcinomas of the stomach in patients with 
pernicious anemia. 
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tot.u. tumors 

OF STOMACH 

room 

25!) 

is rr.,<>%) 

’7 

35 ( 13.57- ) 


Although no large-scale program of gastric cancer detection has yet been 
established at New Haven Hospital, even a casual survey of patients with 
pernicious anemia followed for a reasonable period of time reveals that several 
have developed polyps, and carcinomas are known to have appeared in at least 
two such patients, one of whom is alive and well almost two years after gastrec- 
tomy. 

Unfortunately, patients with pernicious anemia represent a very small 
fraction of those susceptible to gastric cancer. Other indicators must be de- 
termined by careful clinical studies on large groups of variously categorized 
patients. A large-scale investigation of this type is now in progress at the 
University of Minnesota, the preliminary results of which were recently re- 
ported by State and Wangensteen. 51 Achlorhydria, chronic gastritis, gall 
bladder disease, and anemia have all been used as criteria for the selection of 
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patients in this study, and relatives of patients with gastric cancer are also 
being serially examined. It is to be hoped that the final data will permit the 
nationwide establishment of selective gastric detection programs from which 
a high yield of early tumors may confidently be expected. 


SUMMARY AND CONCLUSIONS 

1. Statistical analyses reveal that pernicious anemia and carcinoma of the 
stomach develop in the same individuals more often than would be expected on 
the basis of chance alone and must, therefore, be etiologically related. 

2. The evidence pertaining to the nature of this relationship is still incon- 
clusive but suggests that the two diseases are probably linked indirectly through 
the medium of some common factor. Among the possible factors to be con- 
sidered are hereditary or constitutional tendencies, achlorhydria, gastritis, and 
liver therapy. 

3. In contrast to the paucity of gastric tumors discovered in nonseleetive 
mass surveys, serial gastric examination of individuals with pernicious anemia 
has yielded a very high incidence of benign and malignant epithelial tumors of 
the stomach. 

4. It is suggested that a search for other conditions etiologically related to 
or associated with gastric cancer is a necessary prerequisite to the establishment 
of practical, selective mass surveys for the early detection of neoplasms of the 
stomach. 
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TIIE RADIOSENS ITIVITY OF ERYTHROBLASTS 


Margaret A. Bloom, M.S., and William Bloom, M.D. 
Chicago, III. 


A LTHOUGH it is generally agreed that the hone marrow may he made 
extremely aplastic as a result of irradiation, opinion has differed as to the 
relative sensitivities of the various cell lineages. The attention of most inves- 
tigators seems to have been directed to a study of the effect of irradiation on 
the granulocyte precursors. Ileinekc (1903, 1905), in his classical paper on 
the effects of x-rays on bone marrow, saw clearly the destruction of inyelocy- 
topoiesis but hardly considered the question of the effect of irradiation on 
erythropoiesis. However, the great numbers of degenerating lymphocytes which 
he described were probably degenerating crylhroblnsts. A number of inves- 
tigators, including Milehner and Mossc (1904). Aubertin and Bcaujurd (1905), 
and Jolly (1924), reported that ervthroblasts are more resistant than the other 
myeloid cells. Krause and Ziegler (1906), Lacassagne and Lavedan (1924), 
Ilalberstaedler and Simons (1933), and den Iloed, Lcvio, and Straub (193S) 
found that after heavier or repeated treatment, the erythroblasts also show 
evidence of injury. The divergent opinions on the relative radiosensitivity of 
erythroblasts arc reviewed by Selling and Osgood in Downey’s Handbook of 
Hematology (193S). More recently, in Shields Warren’s review (1942), 
Dunlap concludes: “Similarly, the erythropoietic tissue, according to the major- 
ity of observers, shows considerable initial radioresistance, but once it is dam- 
aged its ability to recover is limited.” 

Our own observations on the effect of radiation on the bone marrow of 
rabbits, rats, mice, and chickens have shown the erythropoietic cells to be among 
the most sensitive of all hematopoietic cells. The findings which have led us 
to this conclusion will be given briefly in tin’s report. A more detailed presen- 
tation will be found in Chapter VI of our report on the “ Ilistopathology of 
Irradiation From External and Internal Sources” in the Plutonium Project 
Reports. 

MATERIALS AND METHODS 


The effects on bone marrow of total body irradiation by single doses of x-rays, fast 
and slow neutrons, and of radiations from internal sources (strontium®#, barium 140 , 
lanthanum 110 , phosphorus 1 #, sodium# 1 , yttrium 01 , radium, and plutonium) were studied 
as part of the program of the Histology Group of the Health Division, Metallurgical Lab- 
oratory, University of Chicago. For most of the experiments the species used were mice and 
rats. In addition, a large number of chickens and rabbits were exposed to x-rays and two 
series of rabbits to fast neutrons. In general, the dosages used were the LD 50/30 days/ 
Lower doses also were used, these being decreased until morphologic changes were no 


From the Metallurgical Laboratory, University of Chicago, and the Argonne National 
Laboratory. . . 

This work was carried out under contract between the University of Chicago and the 
Manhattan District, Corps of Engineers. War Department. 

•The dose which kills SO per cent of the animals within thirty days. 
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longer found. For each experiment a group of animals of the same strain and comparable 
weight and age was irfadiated and sacrificed at predetermined intervals. Untreated controls 
were sacrificed at the same intervals. 

X-rays of 200 kvp were filtered with 0.5 mm. of copper and 1.0 mm. of aluminum 
(Hagen and Zirkle, 1046). The animals were held in plastic boxes and were rotated at 
least once during the course of the exposure. The distance varied somewhat with the size 
and number of animals treated at one time, but it was between <0 and 90 cm., giving from 
15 to 11 r per minute. 

Fast neutrons were primarily from the Clinton pile (Zirkle and Raper, 194G). Some 
rabbits were exposed to fast neutrons from the University of Chicago cyclotron (Hagen and 
Zirkle, 1946). 

Slow neutrons were given to mice in boron-lined lead boxes inserted in the Clinton pile 
tunnels (Zirkle and Raper, 1946). 

Internally administered /S and y emitters included sodium 24 , bariumim-ianthanum 140 , 
strontium sn , and phosphorus- 2 injected intraperitoneally, and yttrium 04 injected intravenously. 

Among a emitters, plutonium nitrate or citrate (Snyder and Finkle, 1946) was admin- 
istered intravenously to mice and rats, or intramuscularly to mice. Radium from which 
the radon had been blown off twenty-four hours earlier (Morris, Tompkins, and Finkle, 
1946) was given intraperitoneally to mice and rats. 

Femurs of rats and niice were opened at autopsy by shaving nearly to the midline with 
a sharp knife, and the entire hone then was fixed in Zenker-formol. To secure the bone 
marrow of rabbits and chickens, the bone was chipped from the shaft of the femur and 
a pencil of marrow was removed for fixation. The tissue was then embedded in nitrocellulose, 
sectioned, and stained with hennitoxylin-eosin-azure II. 


RESULTS 


Irradiation From External Sources . — Alter x-ir radiation the degenerative 
changes in the bone marrow were of similar type in the rabbit, mouse, rat, and 
chicken. With the LD 50/30 days, mitotic activity ceased and hematopoietic 
cells were destroyed, in every case erythroblasts before myelocytes. In the 
rabbit, as early as one-half hour after treatment, the erythroblasts were already 
reduced in number, and the remaining ones were predominantly late forms 
(normoblasts). Degeneration of hematopoietic cells continued at subsequent 
intervals, and by twenty-four hours erythroblasts had dropped to a minimum. 
Myelocytes, disappearing less rapidly and their destruction sometimes preceded 
by bizarre forms, reached a low point at 9 days. Megakaryocytes apparently 
suffered only occasional damage the first day, but by 2 days few were left. 
The debris was ingested by phagocytes, and the depleted marrow was replaced 
first by a gelatinous material and then by fat cells. Reticular cells were never 
found damaged. As the cells began to regenerate, there was an increase in 
mitotic figures, a preponderance of young forms of hematopoietic cells, and a 
diminution of fat cells. 


In rabbits exposed to 400 r of x-rays, erythropoiesis in the bone marrow 
was again affected earlier than granulocytopoiesis, the results differing f rom 
those following the higher dose only in degree of damage and in time" of its 
occurrence. Here fewer of the total number of cells were completely destroyed 
Dobing of the maturing erythroblasts occurred abnormally early and was 
excessive. Megamyelocytes appeared, rivaling the megakaryoevtcs in size 
These matured into giant granulocytes with 8 to 32 lobes to the nucleus and 
eventually degenerated in the marrow. 
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In rabbits exposed to 100 r of x-rays, the effects on the bone marrow were 
much less intense and less persistent than those which followed the 400 r dose. 
While mitosis stopped almost completely, it. had been resumed by 3 hours after 
treatment and continued through the 14-hour interval at a level slightly above 
that seen in controls. At S hours a number of abnormal mitoses were observed; 
there were also a few dead cells, mostly erythroblasts, occasional nuclei with 
clumped chromatin, and rare megamyeloeytes. From 14 hours through 21 days 
these marrows were no different from the controls. 

In mice exposed to 350 r of x-rays, well below the LD 50/30 days for this 
species, the general progression of damage and repair of hematopoietic cells 
was like that observed in the rabbits, again with depletion first most marked 
in the erythrocytic series, but with myelocytes involved later. Recovery was 
indicated at 5 days, and was further advanced at 9 and 14 days. 

In rats exposed to 600 r of x-rays, the LD 50/30 days, hematopoiesis, 
normally similar to that in mice, was almost completely eliminated by 2 days 
after treatment, the depleted areas filling with gelatinous or fatty marrow, but 
was nearly restored at the 31-day interval. At 3 hours erythroblasts were 
markedly reduced in number and there was considerable cellular debris. By 
14 hours erythroblasts were almost completely gone. Mvelocvtopoicsis dis- 
appeared rather more slowly but by 2 days was practically absent. Regenera- 
tion, observed at 9 days with the return of crythropoicsis, was increased at 14 
days with a preponderance of young forms. At subsequent intervals this func- 
tion appeared normal, except for a possibly significant retrogression in the 
21-day specimens. Myelocytopoiesis continued to be depressed until about 
31 days. 

The chicken bone marrow was affected by all doses from 25 to 1,000 r, the 
damage being roughly proportional to the size of the dose. Only 800 and 1,000 r 
resulted in the production of gelatinous marrow, and after these doses no per- 
manent regeneration was observed in the 9- and 4-day duration of these 
experiments. 

In 3 -week chicks exposed to S00 r, crythropoicsis was completely removed 
at 1 hour and granulocytopoiesis was. gone at 14 hours. Transient waves of 
regeneration were seen in the erythropoietic series at 2 to 14 hours and at 2 
to 5 days; in the granulocytic series the recovery attempts were observed at 
5 hours and again at 1 to 4 days. These recovery efforts were futile, however, 
and the marrow at 9 days was entirely aplastic. In the 11-week chickens two 
similar waves of regeneration were seen in the granulocytic series. 

The presence of lymphatic nodules in the chicken marrow made it possible, 
in the same organ, to compare damage to lymphocytes with the effects on eryth- 
roblasts and myelocytes. Also, since crythropoicsis is intravascular and mye- 
locytopoiesis is extravascular in the bone marrow of this species, it is less diffi- 
cult to differentiate between very early forms of these two cell lineages than 
in the mammalian marrow where the two processes are intermingled. 

Certain immature cells in the chick marrow proved more resistant to x-ray 
treatment than others. Most of the large lymphocytes of the lymphatic nodules 
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and the few stem cells among the myelocytes were intact at internals when the 
small lymphocytes were extensively damaged and the basophil erythroblasts 
had been totally destroyed. 

These differences in susceptibility among cell types were observed not. only 
in the 3-week chicks given 800 r, but also in the 11-week chicks given 800 r 
and in the 3-week chicks given 400 r. In the older birds the small lymphocytes 
in the lymphatic nodules were dead at 1 and 3 hours, but the large lymphocytes 
were intact. All the basophil erythroblasts were dead in the sinuses, while 
extravascularlv many normal myelocytes remained. Following 400 r in the 
younger chicks, the destruction was less severe but the differences in sensitivity 
were even eleai'er than after the higher dose. In the lymphatic tissue of the 
marrow, only some of the small lymphocytes were dead at Ve hour, and while 
the few hemoeytoblasts present with the myelocytes appeared to he nnaffected, 
all basophil erythroblasts inside the sinuses had been destroyed. 

The pattern of degeneration and subsequent recovery of the bone marrow 
of rabbits exposed to fast neutrons was strikingly similar to that observed after 
x-irradiation. Three hours after exposure to 117 n c the degeneration of eryth- 
roblasts was at its peak; 5 hours later the destruction was still prominent and 
quantities of debris were being pbagocytosed. The damage to myelocytes was 
not conspicuous until 17 hours and reached a maximum at 26 hours, occurring 
later than the damage to erythroblasts, as in the x-irradiated animals. Pro- 
gressive cellular depletion, the development of gelatinous marrow, and the 
eventual restoration of hematopoiesis followed. 

In the bone marrow of mice exposed to fast neutrons, hematopoietic cells 
were destroyed to a degree related to the size of the dose. Especially after the 
lowest dose used, 65 n, it was quite clear that erythroblasts were the first of 
the hematopoietic cells destroyed. 

Again, after exposure of mice to slow neutrons (400 arbitrary units), the 
same sequence of cellular destruction occurred. At the early intervals the bone 
marrow contained an increasing amount of debris and damaged hematopoietic 
cells, especially erythroblasts. By 12 hours myelocytes were fewer in number 
and groups of those present were pyknotic. The depletion increased up to 4 
days, with gelatinous marrow as well as greatly widened sinuses replacing the 
cellular marrow. At the height of depletion the marrow was aplastic, except 
for spindle cells, plasma cells, some granulocytes, and, in the shaft, a few groups 
of normoblasts. By 7 days regeneration was well advanced. The sinuses were 
now only slightly dilated, and granulocytes were markedly increased throughout 
the marrow, especially in the shaft. Relatively few erythroblasts were present. 
"Megakaryocytes were rare, except for an aggregation of them in one area just 
below the cartilage plate of one specimen. By 11 days there had been a great 
increase in hematopoiesis in the epiphysis and metaphysis, as well as in the 
shaft, with much more of it erythropoietic than before. At 2 weeks remmera- 
tion appeared to be complete. 
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Irradiation From Internal Sources . — When administered internally, certain 
radioactive isotopes, including some which are almost pure /? emitters and others 
which emit primarily « rays, affect hone marrow in much the same way, quali- 
tatively, as does irradiation from external sources, especially x-rays and neu- 
trons. Hematopoietic cells were destroyed, sinuses became dilated, and the 
depicted marrow became gelatinous. In contrast to the picture of sudden 
destruction and subsequent depiction of cells after x-irradiation, the depletion 
resulting from internal treatment occurred more gradually and was accom- 
panied by very little cellular debris, as there was ample time for its removal 
by phagocytosis before it accumulated in large amounts. Also the effects on 
the marrow persisted, their duration depending on the rate of decay of the 
agent. The order of destruction of hematopoietic cells was the same here as 
after external irradiation, erythroblasts before myelocytes and myelocytes 
before megakaryocytes. Free macrophages, reticular cells, and fat cells were 
radioresistant. These differences between the several cell strains in sensitivity 
to irradiation were obvious in mice treated with strontium 89 , barium H 0 -lantha- 
num 110 , phosphorus", sodium 24 , plutonium, and radium, and in rats after stron- 
tium 89 and yttrium 91 . The location and type of “particle” emitted by the 
isotope modified the extent but not the quality of the injury. Thus, the short- 
ranged a particles produced a relatively narrow rim of aplastic marrow around 
each trabecula in which they lodged. The much longer-ranged p particles 
produced much broader zones of damage; indeed, the marrow of the long bones 
of mice became comjfictcly aplastic after the deposition of fair amounts of the 
P emitting isotopes in bone. 


CONCLUSIONS 

In the bone marrow of mammals exposed to total body irradiation with 
x-rays and fast and slow neutrons, hematopoiesis is severely depressed, the 
degree of injury varying with the dose. The changes in the marrow cells 
after the injection of the radioactive isotopes, especially those that deposit iu 
bone, are much the same as after the radiations coming from external sources. 
In. all cases the erythropoietic cells are more susceptible to damage than the 
myelocytopoietie ones, and these in turn than the megakaryocytes. 

Similar findings were demonstrated in chickens exposed to x-rays. In these 
animals the intravascular position of crythropoiesis makes the recognition of 
these cells easy even in hematoxylin and eosin preparations. The erythroblasts 
are at least as radiosensitive as the smaller lymphocytes of the nodules which 
are common in ehicken marrow. The large lymphocytes are somewhat more 
resistant than the small ones. 

Fat cells, free macrophages, and reticular cells (including those lining the 
sinuses) seem to be completely radioresistant to the dosage of irradiation we 
used. 

These findings are in general agreement with the observations made by 
our group in comparing the relative radiosensitivity of the lymphatic versus 
myeloid cells of the spleen of rabbits and especially of mice and rats. 
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It is quite probable that those authors who described large numbers of 
degenerating lymphocytes in mammalian bone marrow after irradiation had 
confused these cells with degenerating erythroblasts. It may be that the extreme 
radiosensitivity of erythroblasts has often been overlooked because of the acute 
changes of the leucocytes in the peripheral blood, in contrast to the minor 
changes in the long-lived erythrocytes. 
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THE STRUCTURE OP THE GIANT CELLS IN 
TIIE BLOOD-FORMING ORGANS 

Captain John W. Reduce , 0 Medical Coups, Army or the United States 

INTRODUCTION 

N ORMALLY the blood-forming organs, particularly the bom* marrow, contain 
a few scattered giant cells or exceedingly large cells. The megakaryocytes, 
osteoclasts, and possibly the nniltinueleated plasma cells belong to this group 
and play a role in the physiologic processes of the various blood-forming organs 
in which they are found. Afore numerous and extremely variegated in structure 
are the giant atypical mononuclear cells and the polymorphonuclear and multi- 
nucleated giant cells frequently observed concomitant with or partaking in 
pathologic processes in the blood-forming organs. It is the purpose of this paper 
to make readily accessible brief morphologic descriptions and accompanying 
photomicrographs representations of both typical and atypical giant cells, much 
in the manner of an atlas in miniature. 

The material and records available at the Army Institute of Pathology and 
its associated Lymphatic Tumor Registry arc admirably suited to this purpose, 
comprising as they do numerous examples of all the common pathologic processes 
and most of the rarer ones. Furthermore, the diagnostic identification of the 
more controversial processes is usually a composite of the studies and opinions 
of many different pathologists representing diverse schools of thought and in- 
cluding specialists in the fields of hematology and hcmatopathology as well as 
general pathology. For example, only those cases were utilized in studying the 
giant cells in reticulum cell sarcoma of the lymph nodes in which the diagnosis 
of reticulum cell sarcoma was essentially agreed upon by all the consultants. 

In the preparation of this paper the author has made frequent use of 
Haythorn’s 1 exhaustive review of the literature on the giant cells with especial 
reference to the foreign body group. 

MATERIALS AND METHODS 

The material available comprised clinical records, autopsy or surgical 
protocols, and formalin-fixed tissues, with the addition, in many eases, of dry- 
fixed smears or impressions of the hematopoietic organs. All cases had been 
studied in hospitals. Paraffin sections were prepared from all formalin-fixed 
tissues and were stained with hematoxylin and eosin. In instances of disturb- 
ances in the metabolism of lipids, various fat stains were used. To meet the 
requirements of individual eases, Wilder's method for reticulum, MacCallum’s 
stain for bacteria, and Kinyoun ’s stain for acid-fast bacilli were employed. The 
dry-fixed smears and impressions were stained by the Romanowsky methods, 
Wright’s stain or, preferably, Wright-Giemsa or May-Griimvald-Giemsa, as 
employed by Slider and Downey 2 and Kolouch . 3 Impressions are obtained by 
touching a fresh cut surface of tissue to a clean slide, so lightly that but a single 

' ~FV 0 m the Army Institute of Pathology, Washington. D. C. 
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layer of cells adheres to the glass. The slide is immediately air-dried without the 
application of heat and is then ready for staining. The imprint method is pref- 
erable to smears because the cells are less likely to be distorted and ruptured 
in the process. 

The photomicrographs were all taken at the same magnification (x2000) so 
that ready comparison of the size of the various structures could be made by the 
reader. Account must, be taken, however, of the shrinkage due to fixation when 
comparing the size of cells in sections and imprints. The higher power was 
employed because a number of the cells herein discussed have been depicted at 
extremely low magnification or not at all in the literature, although the majority 
have been excellently portrayed. 

OBSERVATIONS 

A. The Megakaryocytes. — In 1890 Howell 4 differentiated a new type of 
giant cell in the bone marrow from the osteoclast type originally described by 
Kolliker. 5 To this separate class of cells Howell gave the name “mega- 
caryocyte.” In 1906 Wright® traced the origin of the blood platelets from 
Howell’s megakaryocytes. The morphologic descriptions which follow will serve 
as a basis for comparison of these cells with the various more or less character- 
istic giant cells to be found in Hodgkin's disease and reticulum cell sarcoma, 
structures with which megakaryocytes are closely identified by some observers. 
For further details of megakaryoeytic morphology the reader is referred to the 
recent reviews by Rosenthal 1 ® and by Dameshek and Miller/ 

1. Megaharyollast . — 

Morphologic, Characteristics in Dry-Fixed Smears or Imprints: This cell is 
slightly larger than the myeloblast (hemocytoblast) which it rather closely re- 
sembles. The megakaryoblast has a round or slightly irregular nucleus and a 
thin nuclear membrane. The nuclear pattern is produced by small chromatin 
particles arranged in a fine sievelike or a dark regularly stippled design, some- 
what coarser than that of the myeloblast. The paraehromatin spaces (karyo- 
plasm) are characteristically pink and sharply demarcated from the chromatin 
particles, but the nuclear pattern is generally slightly less leptochromatic than 
that of the myeloblast. One or more nucleoli may be present. The nuclear- 
cytoplasmic ratio favors the nucleus. The cytoplasm, which forms a narrow rim 
about the nucleus, is basophilic and nongranular. I have not included an illus- 
tration of this cell, which actually is not a giant cell; however, the papers of 
Jurgens and Graupner,® Strumia, 9 Rohr, 10 and Dameshek and Miller present 
good colored representations of this cell type. 

Morphologic Characteristics in Tissue Sections: The megakaryoblast is 
slightly larger than the hemocytoblast (Fig. 1). Its cytoplasm shows a lessening 
in basophilic properties. The nuclear membrane is thicker than that of the 
hemocytoblast and the chromatin masses are coarser, although a nucleolus 
occasionally may be made out. This cell can be identified in sections only by the 
nature of its associates in areas of intense megakaryoeytic metaplasia. 

Or gin : Ordinarily this cell is derived from the myeloblast (bemocvtoblast) 

(Fcrrata and Negreiros-Rinaldi 11 1915, Downey and Nordland 12 1939) and from 
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the reticulum cell (hemohistioblasf ) (Cusler” 3933, Downey and Nordland' 2 
1939, and Dameshek and Miller 7 ). 

2. Promcgakaryocytc . — 

Characteristics in Dry-Fixed Smears or Imprints: The size of this cell 
varies from that of the megakaryohlast to well over 20 microns in diameter 
(Pigs. 2 and 3). The nuclear membrane is thin; the nucleus is larger than that 
of the megakaryohlast ; and the nuclear pattern may retain the hue chromatin- 
para chromatin features of the latter, although it is usual for masses of clumped 
chromatin to make their appearance in a few areas at this stage. The clumped 
chromatin is presented in Fig. 3, whereas the cell in Fig. 4 has largely retained 
the megakaryohlast ic pattern. The nucleus may he round or nuclear lobulation 
may begin at-this stage. In general, the nuclear texture is heavier and nucleoli 
are usually absent. The cytoplasm is basophilic, scant or abundant, and often 
presents a fine azurophil granulation about the nucleus. Frequently, as seen in 
the excellent figures of Downey and Nordland 12 and Dameshek and Miller, 7 
granular, occasionally nongranular, platelet-like forois are to be found at the 
cytoplasmic periphery. The larger cells of this group (Figs. 4, 5) are actually 
intermediate between promegakaryocytes and megakaryocytes. 

Characteristics in Tissue Sections: In tissue sections the promcgakaryocytc 
is larger than flic megakaryohlast ; both nucleus and cytoplasm arc increased 
in size, and the nuclear membrane is thicker. The chromatin masses arc larger 
and coarser, and the vesicular appearance of the hemoeyt oblast is entirely lost. 
Lobulation of the nucleus may occur (Fig. 6) or the nucleus may remain round 
but slightly irregular (Fig. 7). If an appropriate fixative, formol-corrosive 
(Downey 14 ), and stain, Giemsa, Wright’s or Dominici’s (Slider and Downey 5 ), 
are employed a small azurophilic or acidophilic granular area appears in the 
cytoplasm eccentrically near the nucleus and gradually spreads until the en- 
tire cytoplasm becomes granular. Unfortunately, ordinary tissue methods fail to 
bring out cytoplasmic detail in cells of this sciies. 

Origin: Ordinarily the promegakaryocyte evolves from the megakaryohlast 
although in intense reticular stimulation it can also be derived from the reticulum 
cell. 

3. Megakaryocyte . — 

Characteristics in Dry-Fixed Preparations: The megakaryocyte is usually a 
vciy large cell, well over 40 microns in diameter. The nuclear membrane is thick, 
and the nucleus is large, polymorphous (Fig. 8), and extremely complicated in 
form. The original ehromatin-paraehromatin distinction may be all but ob- 
scured by the coarsening of the chromatin masses, although at limes distinct 
areas of parachromatin can be observed (Fig. 5). The cytoplasm is abundant, 
basophilic, and contains numei-ous azurophil granules. Gradually the azurophil 
granules form into groups surrounded by clearer areas of cytoplasm. Pseudo- 
podial processes at the periphery of the cell are frequently found to contain these 
platelet-like formations. For further cytologic details and colored figures of 
these cells the reader is referred to the works of Rohr 10 and Dameshek and 
Miller. 7 
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Fig. i Megakarj oblast section of spleen in myeloid metaplasia. Hematoxylin and 

eosin stain, X2000. AIP Meg 97013 

p lR 2 Early promegakan oca te . sternal bone marrow aspirate. May-Gnlnrrald-Giemsa 

stain . X2000. AIP Meg. 96993 ‘ 

Fig 3. — Promegakara ocl te . sternal bone marrow aspirate. "Wright's stain; X20D0. AIP 
Meg. 9700G. 

Fig 4 — Promegakara oca to . sternal bone marrow aspirate. Mae -Grunwald-Giemsa stain; 
X2000. AIP Meg. 96992. ' 

Fig. :>. — Intermediate megakara oca te , sternal bone marrow asp rate. "Wright's stain; 
X2000 AIP Meg. 97005. 

Fig 6. — Promcgakarvocvte • section of spleen in myeloid metaplasia. Hematoxylin and 
costn stain; X2000. AIP Meg. 97015. 

r,c - 7. — Promegakaryocyte: section of spleen in mjelold metaplasia. Hematoxalin and 
Alp Meg. 97014. 
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Characteristics in Tissue Sections: In sections the megakaryocyte may have 
a diameter as great as 40 microns. The ceil outline may be roughly spherical or 
irregular. The nucleus is large and polymorphous (Fig. 9), the nuclear mem- 
brane thick. The chromatin network is composed of coarse dense chromatin 
strands. Nucleoli arc present but usually indistinct. The cytoplasm is abundant 
and slightly acidophilic. With appropriate fixation and staining, diffuse or 
grouped azurophil granules are found throughout the cytoplasm. The periphery 
of the cell is frequently provided with irregular, fingerlike processes of various 
shapes. In tiie bone marrow these pseudopodia may he found projecting into 
the sinuses (Downey, 14 his Fig. 17). Platelets arc formed by the fragmentation 
of pseudopodial cytoplasm, the azurophil granules serving as the chromomere 
and the fragments of cytoplasm as the hyalomcre of the blood platelet. 

Origin: Usually the megakaryocyte is derived from the promcgakaryocyte, 
rarely from the polykaryocyte (Di Guglielmo 15 and Rosenthal 10 ). 

Function : These cells serve to form the blood platelets (Wright, 0 Bunting, 17 
and Downey 14 ). 

4. Dividing Forms of Megakaryocytes . — The cells of the mcgakaryocytic 
series reach maturity by means of multipolar mitoses (Rohr 10 and Maximow and 
Bloom ls ), in which the cytoplasm undergoes no constriction and the daughter 
nuclei fuse at once into an increasingly pachychromatic, polymorphous nucleus. 
The fully mature megakaryocyte probably does not undergo further cell 
division. 

o. Polykaryocyte . — Di Guglielmo 16 introduced the concept of the fusion of 
several histioid elements into a syncytium with multiple nuclei and but a single 
cell body, which in turn could serve as a source of megakaryocytes. Rosenthal 16 
(his Figs. 11 to 13) and Dameshck and Miller 7 (their Fig. 5) depict such cells. 
The latter authors believe that these cells are probably identical with osteo- 
clasts. Depicted in our Fig. 10 is a multinucleatcd megakaryocyte which 
possesses three discrete nuclear masses yet retains the cytoplasmic and nuclear 
detail of an ordinary megakaryocyte (compare this cell with Figs. 5 and S). 
The concept of a polykarvocytic origin of the megakaryocyte has not received 
general acceptance. Fig. 10 also should bo compared with Fig. 47, an osteoclast 
obtained from a dry-fixed preparation of the bone marrow. The osteoclast, in 
contrast to the multinucleatcd megakaryocyte, presents a marked reticulum 
cell or histiocytic type of nucleus and deeply basophilic cytoplasm lacking 
azurophil granules. 

6. Degenerated Mcgakaryocytic Forms Encountered in the Normal Bone 
Marrow . — Upon completion of its platelet-forming function, the cytoplasm of 
the megakaryocyte, which now lias become greatly depicted, disintegrates (Fig. 
11). The polymorphous nucleus becomes dark-staining, shrunken, pyknotic, and 
stripped of almost all of its cytoplasm (Fig. 12). Degenerated mcgakaryocytic 
forms are readily confused with the degenerated forms of Reed-Sternberg cells 
found in Hodgkin’s disease (Figs. 26 and 27) ; therefore, it is imperative that 
the differential study of those eell types he made before degeneration has 
progressed to any extent. 




Plate IX 


Fig, 8 — \dult megakary ocj te , sternal bone marrow aspirate. Ma> -Grunu ald-Giemsa 
stain. X2000 A1P Xeg 97611. 

Fig. 9. — Adult megakaryocyte, section of spleen m myeloid metaplasia. Hematoxylin 
and eosin stain , X2000. ATP Xeg S7243. 

Fig. 10 — Multmucleated megakaryocyte ; sternal bone marrow aspirate. JIai -GrUnwald- 
Glemsa stain. x2000. AIP Xeg 96391. 

Fig 11 — Degenerating mecakary ocyte . section ot spleen in acute aplastic anemia. 
Hematoxy lin and eo'in stain, X2000 AIP Xeg. 97016. 


Fig. 12 — Piknotic megakan. oc\ te nucleus 
monary llbrosis Hematoxylin and eosin stain. 


. section of bone marrow in idiopathic pul- 
X2000. .tip Xeg. 97264. 
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7. Pathologic Slcgaliaryocytic Forms . — 

a. In idiopathic (essential) thrombocytopenic purpura the megakaryocytes 
have been described in detail in the works of Frank, 10 Limarzi and Schleicher, 2 " 
and Dameshek and Hiller. ; In brief, the number of these cells in the bone 
marrow is normal or increased; many of the adult megakaryocytes present 
absence of azurophil granulation or decrease in pseudopodial and platelet forma- 
tion (Fig. 13). The promegakaryocytes show an abortive pseudopodial forma- 
tion which results in 'the production of giant, atypical, nongranular platelets. 
There may be a decrease in the number of megakarvoblasts and an increase in 
degenerated forms. The cytoplasm of the latter may show vacuolization and 
hyalinization, and the nuclei hyperlobulation, in addition to the features of 
degenerated forms already described. 

b. In hemorrhagic or hemolytic anemias megakaryocytes are increased but 
platelet formation is abundant. 

c. In hemophilia, polycythemia vera. secondary polycythemia, Gaucher's 
disease, Felty’s syndrome, and aplastic anemia, to mention but a few conditions, 
quantitative but no qualitative changes in megakaryocytes have been described. 

d. In myeloid megnkaryoeytie hepatosplenomegaly cells in all stages of 
megakaryocytic development arc found in 1 he peripheral blood along with 
bizarre atypical liypcrgranular or nongranular platelets. Even the megn- 
karyoblasts and promegakaryocytes present atypical abortive pseudopodial 
platelet formation, spleen, liver, and lymph nodes may show myeloid metaplasia 
of a megakaryocytic type, but the marrow is not leukemic and may even possess 
fewer than the normal number of megakaryocytes (Downey 12 ). Pnscvro 21 (his 
Figs. 119 and 122) depicts megakaryocytes in dry-fixed preparations from the 
spleens of patients with this disease. 

e. In chronic myelogenous leukemia any of the conditions existing in 
myeloid megakaryocytic hepatosplenomegaly may he found, with the addition 
of similar changes in the megakaryocytic series in the hone marrow and other 
areas of leukemic “infiltration.” 

f. In pernicious anemia, Rohr 10 (his Fig. 47) and Pascyro 21 (his Fig. 4a) 
depict marked hypersegmentation of the megakaryocytic nucleus comparable 
to the hypersegmentation of the neutrophilic leukocytes in the hone marrow 
in this disease. Jones 22 (his Figs. 10 and 13 and Plate II) found megakaryocytes 


Plate III 

Fig. 13.-— Mature megakaryocyte lacking pseudopodial platelet formation. Sternal bone 
marrow aspirate. May-GrUnwald-Giemsa stain; X2000. A1P Neg. 9S047. 

Fig. 14. — Multinucleatcd reticular promegaloblasts. Sternal bone marrow aspirate in 
pernicious anemia. Dr. R. P. Custer's case. May-Grtlnwald-Giemsa stain; X2000. AIP Neg. 
97885. 

Fig. 15. — Three stages of megakaryocytic development. Section of bone marrow in 
megakaryocytic leukemia. Hematoxylin and eosin stain; X2000. AIP Neg. 97G0G. 

Fig. 16. — Mature megakaryocyte. Section of lymph node in megakaryocytic leukemia. 
Hematoxylin and eosin stain; X2000. AIP Neg. 97897. 

Fig. 17. — "Leukemic" megakaryocyte. Section of spleen in megakaryocytic leukemia. 

Hematoxylin and eosin stain; X2000. AIP Neg. 97899. 

Fig, 18. — "Leukemic” megakaryocyte. Section of bone marrow in megakaryocytic leu- 
kemia. Hematoxylin and eosin stain; X2000. AIP Neg. 97604. 

Fig 19. — “Leukemic" megakaryocyte. Section of spleen in megakaryocytic leukemia. 

Hematoxylin and eosin stain; X2000. AIP Neg. 9 <896. 

-pt,» Atypical mitotic figure in megakaryocyte. Section of spleen in megakaryocytic 

leukemia.' Hematoxylin and eosin stain; X2000. AIP Neg. 97603. 
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with ‘ ‘ extremely basophilic cytoplasm and mottled areas of hyaloplasm without 
evidence of platelet formation” in the bone marrow of patients with pernicious 
anemia in relapse. Paseyro- 1 (his Figs. 45 and 46) has noted an intense mega- 
karyocytic reaction in one of his patients with pernicious anemia. It should be 
noted that in this disease another type of multinucleated giant cell occasionally 
is found in the bone marrow (our Fig. 14) ; it is made up of reticular promegalo- 
blasts with multiple discrete nuclei in a single cytoplasmic mass, which stains 
with the same intense basophilia as does the cytoplasm of individual promegalo- 
blasts. Although the cell illustrated is binucleatc, others containing ns many as 
nine nuclei were observed in the same marrow by ])r. B. P. Custer. Bohr 10 
(his Fig. 44) illustrates similar reticular-promegaloblast ic cell masses in 
pernicious anemia. 

g. In secondary toxic thrombocytopenia, Bohr 10 (his Fig. 102) depicts ab- 
normal and incomplete platelet formation in restricted portions of the mega- 
karyoeytie cytoplasm. 

h. In megakaryocytie leukemia it is possible to observe what may be termed 
a “malignant” megakaryocytie series. With the leukemic processes centered in 
cells of the developing megakaryocytie type, one can compare the structure ot 
the resultant leukemic megakaryocytes on the one hand witli definitive mega- 
karyocytes and on the other hand with Becd-Stcrnberg cells of Hodgkin's disease. 
The leukemic megakaryocytes arise partly from the hcmocytoblasts and partly 
from the reticulum cells (mesenchymal cells) in the hone marrow, lymph nodes, 
spleen, and other sites of leukemic “infiltration.” Three stages in the early 
development of these cells in the hone marrow arc depicted in our Fig. 15. The 
structure of the young forms in tissue sections is similar to that already described 
for cells of the definitive megakaryocytie series. The more fully developed forms, 
such as the cell from a lymph node in Fig. 16, may likewise closely resemble 
the definitive megakaryocyte (compare with Fig. !)), although many of them 
present marked variations. Their nuclei may undergo extreme hyperlobulation 
(Fig. 17) without degenerative changes, the individual nucleus frequently 
being massive (Figs. IS and 19). In spite of these changes it should be noted 
that the nuclear structure remains vesicular, and if the occasional clumps of 
coarse chromatin are present, they cling to a moderately thick nuclear membrane 
(Figs. 17 and 19). Two or three of the giant lobes may contain large abnormal 


Plate IV 


Pig. 21. — Atypical enlarged reticulum cell. Section of lympli node in Hodgkin’s disease 
treated with nitrogen mustard. Hematoxylin and eosin stain; X2000. AIP N eg. 97002 . 

Fig. 22. — Tripolar mitosis in Reed-Stemberg cell and atypical enlarged reticulum cell. 
Section of lymph node in Hodgkin's disease treated with nitrogen mustard. Hematoxylin and 
eosin stain; X2000. AIP Neg. 97000. 

Fig. 23. — Atypical binucleated enlarged reticulum cell. Section of lymph node in Hodg- 
kin's disease treated with nitrogen mustard. Hematoxylin and eosin stain ; X2000. AIP 


Neg. 97003. 

Fig. 24. — Small Reed-Sternberg cell. Section of lymph node in Hodgkin’s disease. Hema- 
toxylin and eosin stain; X2000. AIP Neg. 98052. 

Fig. 25. — Large Reed-Sternberg cell. Section of lymph node in Hodgkin’s disease treated 
with nitrogen mustard. Hematoxylin and eosin stain; X2000. AIP Neg. 9725S. 

Fic 26. — Degenerated Reed-Sternberg cell. Section of lymph node in Hodgkin's disease 
treated with nitrogen mustard. Hematoxylin and eosin stain; X2000. AIP Neg. 9725S. 

■pig 27 Degenerated Reed-Sternberg cell. Section of lymph node in Hodgkin's disease 

treated with nitrogen mustard. Hematoxylin ana eosin stain; X2000. AIP Neg. 97257. 
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basophilic nucleoli; however, they are not a conspicuous feature in the ipajority 
of leukemic megakaryocytes, although they are more prominent than in definitive 
megakaryocytes. Giant bizarre nuclei of the type depicted in Figs. IS and 19 
are not found in definitive mcgakaryocytic series (compare with Fig. 9). On 
the other hand, in Rced-Stcrnbcrg cells the acidophilic nucleoli are a prominent 
feature, and cells corresponding to those of the definitive mcgakaryocytic series 
(for instance the cell in Fig. 16) are not found in company with the Reed- 
Sternberg cells in extramedullary malignant lymphogranulomatous areas. The 
mitoses, as is to be expected in the leukemic mcgakaryocytic group, are extremely 
bizarre (Fig. 20). For additional information on cytologic detail it is impera- 
tive that such cells be studied by the dry-fixed smear or imprint technique as 
well as in tissue sections. 

B. Giant Cells in Hodgkin’s Disease. — The characteristic giant cells in 
Hodgkin’s disease were described first by Sternberg 23 and Reed. 24 Reference to 
their careful and complete descriptions of these cells as they appear in tissue 
sections should go far in removing the difficulties encountered in the identifica- 
tion of giant cells of this type. For this reason I shall quote their original 
descriptions. 

Sternberg, p . 23 (1S9S) writes: ". . . ferncr grossero, protoplasmnrcichc Zcllen mit 
grossen, dunkclgefiirbten Kemen, die niclit so sclten meltrfach zu zweien und dreien Oder 
aucli gelappt orschcinen. Vcreinzeltc solclie Zcllen besifzcn cine grossero Anzahl (bis zu 
fiinf und seebs) Kemen. An mnnehen sind die Iverno auflallend gross, rund und enthalten 
sich mit Eosin tingicrcnde Kernkorpcrchen, odor, was scltencr dcr Fall ist, die Kerne sind 
biass gefarbt und enthalten cincn odor zwei sick mit Eosin fnrbcnde Nucleolcn. In der 
Melirzalil sind sio iiberchromatinreich. Diosc Zcllen iiegen zumeist frei zwischen den Ziigen 
lockeren Bindegewebes, auch denselben an und manclimai so innig und sind nuch mit ptumpen 
Auslaufern vorselien, dass sic mit dem Stroma in Zusammenhang zu sein selieinen. " 

His Figs. 1 to 4 illustrate the cells he describes. 

In 1902 Reed 24 describes these cells in the following manner : 

“The nucleus is always large in proportion to the size of the cell. It may be single 
or multiple. If single, it is usually round. Bcan-sliaped and irregularly indented nuclei arc 
common. If multiple, the nuclei may be arranged peripherally in the cell or heaped in the 
center. Eight or ten nuclei have been seen in a single cell. The chromatin network is 
prominent in these nuclei, and one or more large nucleoli arc always present. The nucleoli 
are usually oval but they may be of any shape. The nucleoli always take a contrasting 
stain in the double stains; they have an affinity for acid dyes. No definite mitotic figures 
were ever seen in theso cells. Direct division was fiequently observed. The protoplasm is 
usually homogeneous and stains well. It may appear granular, show vacuolization, or contain 
fat or pigment granules. Cells having bizarre and irregular nuclei are found in the oldest 
growths. These giant cells, so far as our observation reaches, are peculiar to this growth and 
are of great assistance in diagnosis. ’ ’ 

Her Figs. 2 to 5 illustrate these cell types. 

Shown in our Fig. 21 is the enlarged reticulum cell in a ease of Hodgkin ’s 
disease and in Fig. 22 a similar cell with two large acidophilic nucleoli, thin 
nuclear membrane, relatively few particles of chromatin, and scant faintly acido- 
philic cytoplasm. A very similar but binucleate cell of this type is found in 
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Fig. 23. Tiiese cells should be compared with Figs. 1 and 7, developing mega- 
karyocytes in tissue sections, which Jack the large acidophilic nucleoli and 
scant chromatin pattern of Reed-Sternberg cells. The simpler form of giant 
lobulated Reed-Sternberg cell is depicted in Fig. 24. The large round or rod- 
shaped acidophilic nucleoli, so prominent in these cells, and their relatively 
moderate chromatin content are in sharp contrast to the nuclear characteristics 
of intermediate and adult megakaryocytes as seen in Figs. 6, 7, and 9. If further 
differentiating criteria are required, special fixation and staining (Downey 14 ) 
will reveal the azurophil granulation and granular pseudopodial platelet forma- 
tion on the part of megnkaryocytic cytoplasm in tissue sections, two character- 
istics which are not features of the cytoplasm of Reed-Sternberg cells. Shown in 
Fig. 25 is one of the larger bizarre cells of the Reed-Sternberg type with exces- 
sive nuclear lobulation. Degenerated forms of Reed-Sternberg cells are a con- 
stant feature throughout the course of Hodgkin’s disease, and they become even 
more apparent after the application of the various forms of therapy. Such 
cells undergoing pyknosis or lysis arc shown in Figs. 26 and 27. It is not sur- 
prising, when we compare these cells with the degenerated forms of megakaryo- 
cytes (Figs. II and 12) and note the over-all resemblance between the pyknotic 
polymorphonueler and multimidcated forms, that these two entire groups are 
occasionally identified as one, especially since degeneration may occur at any 
stage of development of the Reed-Sternberg cell. The observation of Reed” 
that mitoses are never found in these cells has been refuted by more recent 
findings of multipolar mitoses, as illustrated in Fig. 22. 

In the dry-fixed impressions of the blood-forming organs, stained by the 
May-Griimvald-Giemsa technique, the disparity in structure between mega- 
karyocytes and Reed-Sternberg cells is readily apparent. Paseyro 51 has a com- 
prehensive series of photomicrographs of such preparations (his Figs. G9 to 73 
and 75 to 78). In our Fig. 2S is shown the enlarged atypical reticulum cell of 
this disease. It is comparable to the cell of Fig. 22 as seen in tissue sections. 
The large size and beginning lobulation of the nucleus become more apparent. 
The chromatin is arranged in small angular pieces irregularly distributed 
throughout the nucleus, so as to leave distinct colorless parachromatin spaces. 
The nucleoli are as yet small, round or irregular, and deeply basophilic. The 
cytoplasm is abundant and consists of a large amount of flaky, granular, baso- 
philic spongioplasm against a colorless background of hyaloplasm. Very rarely 
a few scattered azurophil granules are to be found within the cytoplasm, but 
in only an occasional cell, and the granules are few and never show a tendency 
to group or clump. Presented in Fig. 29 is a similar giant mononuclear cell 
with several prominent basophilic nucleoli. Depicted in Fig. 30 is a binucleatc 
cell of the Reed-Sternberg type, lacking prominent nucleoli. Comparison of 
this illustration with those of the developing megakaryocytes (Figs. 2 and 3), in 
wliieh the same technique was utilized, reveals a ehromatin-parachromatin dis- 
tinction of the nuclear patterns of the two types but increased clumping of the 
chromatin particles, absence of numerous or prominent basophilic nucleoli, and 
beginning azurophil granulation in the cytoplasm about the nucleus of cells of 
the megakaryocytie series. 
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Fig 31 — Small Reed-Stemberg cell Imprint of lymph node in Hodgkin's disease IVright- 
Giemsa stam , X2000 AIP Neg 9S030 

Fig 32 — Reed-Stemberg cell Imprint of ljmph node in Hodgkins disease "Unght- 
Giemsa stain, X2000 AIP Neg 97901 

Fig 33 — Smalt Reed-Sternberg cel! Imprint of ljmph node in Hodgkin’s disease 
Wrlght-Gtcmsa stain , X2000 AIP Neg S804S. 

Fig 31 — A part of a large Reed-Sternberg cell Imprint of lymph node in Hodgkin's 
disease t\ rlght-Glemsa stain , X2000 AIP Neg 97905. 
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In Pigs. 31 to 34 is revealed lobulation of the nuclei of the Reed-Stern 
cells, increasing until they become giant, bizarre, and polymorphous. It is to he 
noted that the fine reticular chromatin network with its chromatin-para- 
chromatin distinction is retained until and beyond the stage of actual beginning 
cellular degeneration. The nucleoli, which may roach diameters up to 7 microns 
(Fig. 34), retain their deep, clear, basophilic staining properties. Instead of 
containing one or two large nucleoli, each nuclear lohe may he spotted with from 
six to eight small basophilic nucleoli (Fig. 33). The cytoplasm remains as de- 
scribed in the earlier developmental stages. The fully developed Rced-Stern- 
berg cells should be compared with Figs. 5 and 8, with the more mature mega- 
karyocytes, or with the corresponding figures of adult megakaryocytes from the 
eases of Damcshek and Miller. 7 For the more mature megakaryocytes natural 
pyknosis has gone on to produce a paehychromntic nuclear pattern; large or 
numerous basophilic nucleoli arc absent or masked, and clumping of azurophil 
granulation, if not pscudopodial platelet formation, is usually apparent in the 
cytoplasm. Thus, the value of dry-fixed, imprint preparations is enhanced in 
cases in which Hodgkin’s disease of the blood-forming organs is to be differenti- 
ated from those primary or secondary affections of the same organs in which 
megakaryocytic hyperplasia, “infiltration,” or metaplasia is a prominent 
feature. 

Function: The enlarged, abnormal reticulum cells of Hodgkin’s disease are 
rarely found to be phagocytic, according to Jaffc. 25 But at the Army Institute 
of Pathology we have observed a case in which the Rccd-Stcrnberg cells con- 
tained nuclear remnants and others, lipids. In the latter instance cells simu- 
lating Touton giant cells were observed, although the central ring of nuclei pre- 
sented the nuclear pattern typical of Becd-Stevnhcvg cells rather than of histio- 
cytes. 

It should also be emphasized that even the earlier authors mentioned non- 
specific foreign body giant cells in the primary d.vscrasias of the blood-forming 
organs, in addition to the various specific giant cell forms. Thus, in Hodgkin’s 
disease, Reed 24 describes a “second form” of giant cell, similar to the Lang- 
hans’ giant cell and Mallory 88 foreign bod}' giant cells. It is interesting that 
Langhans 27 himself noted the occurrence of cells identical to those which lie had 
observed in tuberculosis, in cases of what he then termed “malignant lympho- 
sarcoma. ’ ’ 

C. Giant Cells of Reticulum Cell Sarcoma. — Tumor giant cells appearing 
in reticulum cell sarcoma have been described by Oberling, 28 Warren and 
Picena, 20 Gall and Mallory, 30 Foot, 31 and many others. The cells are small 
for giant cells, usually measuring from 15 to 25 microns in diameter; their 
cytoplasm is customarily scant and faintly acidophilic in tissue sections, whereas 
the nucleus consists of a giant multilobulated structure occupying almost the 
entire cell body. The cells of Figs. 35 and 36 are of this type as seen in tissue 
sections. The nuclear membrane is distinct and the nuclear lobes are charac- 
teristically closely affixed to one another. The chromatin content is sparse, giv- 
ing a pale vesicular appearance to the lobes, which makes even more prominent 
a large, round or irregular, basophilic nucleolus to be found usn»Hv m* 
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to a lobe. None of these forms contained the acidophilic nucleoli of the fully 
developed Rced-Sternbcrg cells as seen in tissue sections. 

D. Giant Cells in Leukemic I? eticulo-Exdoti i eliosis. — Cases of leukemia 
in which the leukemic process is centered primarily in the reticulo-endothelinl 
cells as they exert their hematopoietic function, that, is, cases characterized by 
leukemic reticulo-endothclial cells and their differentiation products, have been 
reported as such by Ewald 32 and Downey . M Since cases of this nature are 
usually included in the literature of the monocytic leukemias, the structure of 
the leukemic reticulum cells has received little attention from other writers. 
In several cases of leukemic reticulo-endotheliosis in the material available at 
the Institute, the leukemic reticulum cells or mesenchymal elements of the blood- 
forming organs were observed in the process of forming giant, bizarre, poly- 
morphonuclear, or multinuelcaled reticulum cells similar to those found in 
reticulum cell sarcomas. In dry-fixed impressions of a lymph node in such a 
case, cells such as those of Figs. 37 to 39 are seen. The nuclei arc round, oval or 
irregular in outline; the chromatin pattern consists of fine to moderate sized 
chromatin particles, irregularly arranged, but often sharply demarcated from 
the parachromatin. The nucleoli arc basophilic and small but distinct. Three 
of the nuclei in Fig. 37 are within the main cytoplasmic mass, the other two 
apparently arc within separate cytoplasmic divisions. The nuclear patterns are 
less leptochromatie than those of normal reticulum cells, and this may be ex- 
plained in this case by the fact that differentiation was proceeding along 
lymphocytic and plasmacellular lines. The cytoplasm may he scant or abundant, 
and the basophilic spongioplasm is arranged in flakes against a colorless or yel- 
lowish hyaloplasm. 

In tissue sections the nuclei of these reticular giant cells (Figs, 40 and 41) 
may possess pale or liypcrchromatic patterns. The cell of Fig. 40 was the only 
one found which resembled the Reed-Sternberg cell ; however, the basophilia of 
the large nucleolus in the one lobe, the hyperchromatism of the remaining lobes, 
and the small size of the nucleus are not characteristics of Reed-Sternberg cells. 
Compare these cells of leukemic reticulo-endotheliosis with the illustrations of 
Reed-Sternberg cells (Figs. 22 to 25) and those of the tumor giant cells of reticu- 
lum cell sarcoma (Figs. 35 and 36). 

E. Giant Cells in Metastatic Tumors Primary in Other Than Hemato- 
poietic Organs. — Metastatic undifferentiated carcinomas frequently simulate the 
appearance of primary affections of the blood-forming organs, particularly of 
the lymph nodes. The tumor giant cells of these metastases, then, must likewise 


PLATE VIII 

Fie. 42 A Transitional call carcinoma, metastatic in a section of lymph node. Hema- 
toxylin and eosin stain; X2000. AIP Neg. 37613. 

Fie 42 B . — Tumor giant cell, metastatic from breast in a section of lymph node. Hema- 
toxylin and eosin stain; X2000. AIP Neg. 97009. 

p.i„ 4 ', Tumor giant cell, metastatic from breast in a section of lymph node. Hema- 

toxylin Ibd eosin stain; X2000. AIP Neg. 9700S. 

u Tumor cell in metastatic malignant melanoma in section of lymph node. Hema- 

toxylin and eosin stain; X2000. AIP Neg. 98013. 

t-,„ . Tumor giant cell in metastatic malignant melanoma in section of lymph node. 

Hematoxylin and cosin stain ; X2000. AIP Neg. 0S014. 

AR fKtporlast in a section of tissue in osteitis fibrosa cystica with a parathyroid 

adenomm HemSoxyhn and eosin stain; X2000. AIP Neg. 9790G. 
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be differentiated from the giant cells in primary affections of the hematopoietic 
system. A discussion of three of the more common examples of these mctastases 
follows. 

1. Transitional Cell Carcinoma. — Transitional cell carcinoma (lyinpho- 
epithclioma) metastatic to lymph nodes often simulates reticulum cell sarcoma. 
In Fig. 42a is shown a cord of epithelial cells cut tangentially and apparently 
surrounded by lymphoid stroma in such a ease. Although many of the epithelial 
characteristics of these cells have been lost, usually enough remain on which to 
base a definitive diagnosis. Although individual cellular outlines and inter- 
cellular bridges are missing, three distinguishing features are listed by Custer 11 : 
they are: overlapping of the nuclei, prominence and large size of many of the 
nucleoli, and the syncytial arrangement of the epithelial growth. The nuclei as 
seen in sections have a distinct nuclear membrane, scant, fine chromatin granules 
arranged in a delicate linin network, and a rather prominent, round or oval, 
acidophilic nucleolus. There is marked variation in individual nuclear size in 
any particular epithelial cord or nest. Ewing 15 points out the alveolar structure 
and lack of intercellular reticulum after silver staining. 

2. Anaplastic Carcinoma. — Anaplastic carcinoma metastatic to lymph nodes 
may likewise possess morphologic features similar to reticulum cell sarcoma. 
Figs. 42b and 43 arc illustrations of tumor giant cells of an anaplastic carcinoma 
of the breast metastatic in an axillary lymph node. Usually the functions and 
hence the special morphologic characteristics of the cytoplasm of the cells in 
the tissue of primary origin are lost and the cytoplasm is nonspecific, but oc- 
casionally special stains will bring out granules or secretory products helpful 
in the recognition of the true nature of these cells. Otherwise, the tumor giant 
cells cannot be characterized apart from the extreme diversity of types to he 
seen in a given lesion. Nuclear lobulations may be few or numerous, nuclear 
lobes small or large, nuclear outlines extremely bizarre, and nuclei pale and 
vesicular (Fig. 42b) ; the more prominent nucleoli arc usually acidophilic (Fig. 
43). Fortunately, the histopathologic pattern of the metastatic neoplasm, the 
sheets, cords, or nests of epithelial eells sequestered in the node, is in itself not 
difficult of recognition. The characteristics of such cells in dry-fixed prepara- 
tions may be observed iii Rohr's 10 monograph (his Figs. 120 and 123a) or as 
illustrated by Paseyro 21 (his Figs. 30, 33, and 99). 

3. Metastatic Malignant Melanoma. — The tumor giant colls of the metas- 
tases in tumors of this type present the customary features of the tumor giant 
cells found in the general group of anaplastic malignancies. Bizarre nuclear 
outlines, scant or excessive chromatin content, absent or prominent basophilic 
nucleoli, and moderate or extreme lobulation of nuclei are to be found (our 
Figs. 44 and 45) . Melanin granules may or may not be present within the alveo- 
lar type of acidophilic cytoplasm. The dopa reaction should be positive in these 
cell types. Dry-fixed preparations of similar cells are to be found in Paseyro ’s 21 
monograph (his Figs. 31, 96, and 97). Strumia 9 depicts giant, phagocytic, hemo- 
histioblastie cells laden with black pigment derived from broken down malignant 
melanoma cells (his Fig. 11 and Plate VIII). 
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P. Giant O.i.ls Pr.iA-rr.o to thi: Sorr Tissues or Bonk.— The giant cells 
in conditions primarily affecting the soft tissues of hones are included in this 
discussion, not because of any desire to classify the inflammatory and neoplastic 
lesions of bones among the disorders of the blood-forming organs per se, but 
because recent studios of tbc giant cells in the inflammatory and neoplastic lesions 
of bones point increasingly to their origin from the same mesenchymal elements 
that are of intrinsic importance in the origin of primary hematopoietic disorders. 
It seems reasonable that the structure of such giant colls, falling as they do in 
a borderline zone between the fields of orthopedic pathology and hematopathol- 
ogy, should engage as much interest among hcmatopathologists as the reticulo- 
endothelial system does among orthopedic pathologists. 

1. Osteoclasis . — These large, multinucleated cells make their appearance 
wherever bone is formed or undergoes a destructive process. They were first 
described by Kolliker 3 in 1S72. 

In tissue sections they are large multinucleated cells, measuring from 30 
to 90 microns, with the longer diameter frequently parallel to a bone spieule 
but sometimes perpendicular to one. The nuclei are round or oval, are rather 
poor in chromatin, and possess a distinct nuckar membrane and one or two 
prominent, round, or rod-shaped (Fig. 46) nucleoli. The cytoplasm is abundant, 
deeply basophilic, granular or vacuolated, and provided with branching proc- 
esses. Osteoclasts are usually found in Howship's lacunae, bays or grooves in 
dissolving bone (Fig. 46). Rustizky 36 said that they all contained calcium 
granules, but Maximow and Bloom ls found neither bone salts nor cell remnants 
in their cytoplasm. 

In dry-fixed smears or imprints the many round or oval nuclei of the osteo- 
clast resemble the pattern of histiocytic or reticulum cell nuclei, although, again 
as in sections, one to three prominent, deeply basophilic nucleoli are observed 
(Fig. 47). The nuclear pattern is characterized by small angular distinct 
chromatin particles irregularly distributed throughout the nucleus. Here there 
is chromatin-parachromatin distinction and the nuclear membrane appears to be 
thinner than in section preparations. The cytoplasm immediately surrounding 
the nuclei is deeply basophilic and composed of a dense granular spongioplasm, 
whereas the more peripheral cytoplasm is composed of a background of slightly 
acidophilic hyaloplasm in which occasional flakes of basophilic spongioplasm ap- 
pear. Xo azurophil granules are observed. Sabin and Miller 37 in their Fig. 5 
show such an osteoclast in a fixed film of marrow, its cytoplasm filled with 
eosinophilic particles which stain like hone, and its nuclear configurations diffi- 
cult to make out. 

Origin: These cells arise from the mesenchymal elements of the bone mar- 
row and periosteum, occasionally by fusion of osteoblasts. 

Function: Most writers 35 - 37 attribute a phagocytic function to the osteo- 
clasts, placing them in the group of foreign body giant cells because of their con- 
stant relation to the resorption or dissolution of bone and their disappearance 
when the resorption of bone ceases in a particular site. 
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Fixate X 

Fig. 49. — llultmucleated giant cell in a section of benign giant ceil tumor of bone. 
Hematoxylin and eosin stain ; X2000. AIP Xeg. 97894. 

Fig. 50. — Multinucleated giant cell in a section of malignant giant cell tumor of bone 
Hematoxylin and eosin stain; X2000. AIP Neg- 97S93. 
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Maximow and Bloom, 18 as mentioned before, finding no phagocytic inclu- 
sions or bone sails within osteoclasis, bold that there is slight possibility of such 
cells possessing a phagocytic function. 

Dameshek and Miller 7 stale that the polykaryocyte, precursor in a rela- 
tively uncommon type of megakaryoeytic formation, is probably identical with 
osteoclast and forms the adult megakaryocyte by nuclear fusion. (Comparison 
should be made of their Fig. 5, our Figs. 30 and 47, and Rosenthal's 10 Figs. H 
and 13.) 

2. Giant Cells of Bone in Oslcifis Fibrosa Cystica Due io Adenoma of the 
Parathyroid- Glands. — Osteoclasts are numerous about the bony spicules in the 
characteristic lesions of osteitis fibrosa cystica (our Fig. 4G). Giant ceils, in- 
distinguishable from osteoclasts, are likewise numerous in the fibrous connective 
tissue apart from the bony spicules or in and about foci of hemorrhage (Fig. 48). 
However, ingested red corpuscles are not observed within the cell bodies. 

3. The Giant Cells of Benign Giant Cell Tumor of Bone. — Numerous giant 
cells are irregularly distributed through a benign stromal background of con- 
nective tissue in this condition. They have to all appearances the same morpho- 
logic characteristics as osteoclasts in tissue sections (Fig. 49), hut they lack the 
relationship to Howship’s lacunae. Their appearance in imprint preparations 
has not been described. Jinny modern writers consider these giant cells as osteo- 
clasts or foreign body giant cells, not as tumor cells. Ewing, 35 however, empha- 
sized giant cell proliferation as an essential feature of the lesion to which he 
referred as ‘‘osteoclastoma.” Gcschicktcr and Copeland 38 * 39 ascribe these giant 
cells to abnormal hyperplasia of osteoclasts, whereas Jaffc and associates 40 state 
that these giant cells are not osteoclasts and that they possess definite differences 
from osteoclasts. 

Origin: These cells probably arise from mesenchymal elements 40 (histio- 
cytes, reticulum cells ) ; however, because these cells at times apparently form a 
portion of the lining of the blood vessels, an endothelial origin has been claimed, 
although it should be recalled that many of the simple vascular channels within 
bone are lined by littoral reticulum cells and not by simple endothelium. Foot 31 
tends to favor the idea of a reticulo-endothelial origin of these cells and notes 
that although the giant cells usually lie in clear spaces amid the reticular net- 
work, remnants of argyrophil substance may be found within their cytoplasm. 

4. The Giant Cells in Malignant Giant Cell Tumor of Bone. — The stromal 
background of connective tissue is neoplastic both in structure and functions. 
The multinueleated giant cells irregularly distributed throughout these lesions 
(Fig. 50) present few or no characteristic features which distinguish them from 
osteoclasts. Their appearance in dry-fixed impressions has not been described. 
However, Jaffe and associates 40 observed that the nuclei of these giant cells 
actually may share in the atypism of the stromal cells (their Fig. 4) and become 
swollen and large, out of proportion to cell size. It is important to note that 
these cells are almost always absent in the metastatic lesions of this tumor. 
There is hut one case in the files of the Institute of Pathology in which the same 
"benign” appearing, multinueleated giant cells were found in an extension or 
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spread from (lie tumor in the ulna to an epitrochlear lymph node. Our Fig. 50 
is from the ulnar lesion in this ease. 

5. Giant Cells in Osteogenic Sarcoma . — In many instances tumor giant cells 
of all sizes and shapes are abundant in this lesion. These tumor giant cells arc 
to be distinguished both from the foreign body giant cells which may also be 
present, particularly about areas of hemorrhage, and from the osteoclasts in 
focal areas of bone resorption. Depicted in Fig. 51 is a giant cell of this re- 
active type from an osteogenic sarcoma. The tumor giant cells of osteogenic 
sarcoma may be giant mononuclear forms (Fig. 52), polymorphonuclear forms 
(Fig. 53), or multinucloated forms (Fig. 54). The extremely large size of the 
nuclei may be appreciated at once by comparison with (hose of any of the osteo- 
clasts previously described (Figs. 47 and 4S). The nuclei arc bizarre in shape, 
frequently hypcrchromatic with coarse chromatin clumps in evidence (Figs. 52 
and 54). One or more giant, round or irregular, acidophilic nucleoli are present. 
The cytoplasm may be scant or abundant and shares in the cytoplasmic type 
of the more numerous, surrounding, smaller neoplastic cells as to intrinsic struc- 
ture and nature of intercellular substance. Bizarre, atypical, occasionally multi- 
polar mitoses are to be found in these cases. The morphologic characteristics of 
the cell in dry-fixed preparations have not been described. 

Origin: Tumor giant cells arise by abnormal mitoses in or fusion of tumor 
cells. Ultimately they arise from the embryonic or mesenchymal elements cap- 
able of bone formation. 

6. Giant Cells in Ewing’s Tumor of Bone. — Ewing 33 mentioned an occasional 
report of the presence of giant cells in the tumor known by his name. This ob- 
servation is of importance to the hematologist in view of Piney and Ilamiltoii- 
Paterson’s 41 description of giant, hist iocytc-1 ike elements, which they call “dys- 
morphokaryocyles.” These cells, which possess indented nuclei and irregular 
hyaline cytoplasm, may be found scattered among the cells of the sternal marrow 
prior to any other indication of the spread of thc.tumor from its primary state. 
No example of this cell type was to be found in the material which we have 
studied. Bohr 10 states that in his hands sternal punctures have revealed no 
sure signs of malignant changes in cases of this disease. 

Origin: Ewing 35 - ”■ 368 suggested as the cellular origin of his tumor “the 
perivascular endothelium/’ which to him represented a perivascular cell with 
mere endothelial potentialities. Oberling and Raileanu 42 and more recently 
Stout 43 would prefer to designate this tumor as a variant of reticulum cell 
sarcoma on the basis of the demonstration of reticulum cells as integral parts 
of some of them. Stout does not mention the presence of giant cells in this 
tumor. 

7. Giant Cells in Other Conditions . — Giant cells identical with or similar to 
the osteoclast or the foreign body type may also be found in healing fractures, 
exuberant callus formation, acute and chronic osteomyelitis, rickets, osteomalacia, 
osteogenesis imperfecta, osteochondritis desiceans, Paget’s disease, angioma, 
fibrous dysplasia of bone, medullary fibroma, xanthofibroma, and medullary 
chondroma, to mention but a few conditions affecting the soft tissue of the bone 
and not ordinarily the province of the hematopatliologist. 
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G. Plasm acellular Giant Cells. — 


1. Mult in uclcatcd Plasma Cells. — Multinuclcated plasma cells usually aic 
present wherever the ordinary mononuclear plasma cells are to lie found in the 
blood-forming organs. They were described first by Cajal (Michels 11 ). The} 
are not uncommon in practically any of the subacute and chronic inflammatory 
reactions as well as in agranulocytosis and aplastic anemia (Rohr s 10 Figs. 22 
and 71) . 

In stained tissue sections they arc smaller than mast giant cells, being about 
20 microns in diameter, round, oval or elongated, and possessing from 2 to 4 
discrete nuclei usually placed near the periphery of the cell. At times the 
nuclear pattern may be rather characteristic, consisting of coarse particulate 
chromatin arranged about the lining of the nuclear membrane in a spokelike 
fashion so as to present Pappcnheinvs “radkern” effect; in numerous instances 
the pattern may merely resemble the lymphocytic nuclear pattern with some- 


what coarser features. A nucleolus usually is present. The cytoplasm is oc- 
casionally vacuolated and is deeply basophilic, save for a central pale area near 
the nuclei which is a rather specific characteristic. When stained with Pappen- 
heim’s methyl green-pyronin the cytoplasm is a brilliant red whereas the 
chromatin is a greenish purple (Slider and Downey 2 ). 

In. dry -fixed impressions the nuclei are round or oval and possess a chro- 
matin pattern midway between those of the reticulum cell and the lymphocyte, 
in that the chromatin granules are arranged in coarse clumps but present 
ehromatin-parachromatin distinction (our Fig. 55). Characteristically in these 
preparations the “hof” or central light area has disappointingly vague borders 
and the cytoplasm is found to consist of closely packed, deeply basophilic gran- 
ules or flakes at the periphery; these become increasingly scant as the center 
of the cell is approached, allowing more and more of the pale pink hyaloplasm 
to show through in the central cytoplasmic area. These cells are devoid of 
azurophil granules. 


Origin: These cells arise from pre-existing plasma cells by amitotic nuclear 
division without cytoplasmic division (Michels 41 ) ultimately from reticulum cells 
or lymphocytes. 

2. Mvltinucleated Myeloma Cells . — Because of our lack of knowledge as to 
the function of the plasma cell, it is difficult to affirm or deny Rohr’s 10 contention 
that multiple myeloma represents a malignant tumor of the reticulum. How- 
ever, certain differences in structure between the cells of this and the preceding 
group can he noted at times. 


These cells as seen in tissue sections are usually merely binucleate, but 3 to 8 
or even more discrete nuclei have been observed. They may resemble plasma cells 
with their round, lymphocyte-like, peripheral nuclei and abundant basophilic 
cytoplasm with a central light area (Fig. 56), or they may present all transitions 
to larger cells with more abundant colorless or slightly acidophilic cytoplasm, the 
pale perinuclear area thus being lost. Ewing 35 observed mitoses in these cells 
but less frequently as they approached the plasma cell type. According to 
Jones," myeloma cells do not take the specific methyl green-pvronin stain* de- 
scribed for plasma cells. 
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In dry-fixed preparations .the discrete nuclei may vary in size within a 
single cell and in different eases may show nuclear patterns of the reticulum 
cell, the plasma cell, or the lymphocyte. These cells may possess as many ns 
from 5 to S nuclei which may be plasmacellular in type, but each nucleus con- 
tains a moderate-sized, dark blue nucleolus. The cytoplasm may contain less 
basophilic spongioplasm than the cell of Fig. 55 and a few scattered azurophil 
granules may be found within the central cytoplasmic area. In Fig. 57 the pat- 
tern of the two nuclei resembles that of a reticulum cell with prominent bas- 
ophilic nucleoli, and the cytoplasm is composed of diffusely granular basophilic 
spongioplasm. Further illustrations of giant cells of this group are to he found 
in Rohr’s 10 monograph (his Fig. 116) and in a recent work by Erf and Hcrbut, 4 ' 
who further attest to the value of the dry-fixed preparations as an adjunct to 
tissue sections in cytologic diagnosis. 

Origin: Multinudcated myeloma cells may arise from the myeloblast 
(Fleischhacker and Ivlima 4 ®), and from the lymphocyte (Ewing 35 ) or from the 
reticulum cell (Rohr 10 ). Recently, Hcrbut and Erf 7 have described megakaryo- 
cytoid and lipoblastie giant myeloma cells in cases of multiple myeloma. 

3. Giant Cells of Plasma Cell Leukemia. — Plasma cell leukemia is generally 
regarded as closely related to multiple myeloma (Lubarsoh, 48 Moss and Acker- 
man, 40 Patek and Castle, 50 Jackson and associates 51 ). Giant cells arc Jess fre- 
quent than in multiple myeloma and, when they occur, rarely possess more than 
two nuclei (our Fig. 58). Such a cell from a dry-fixed hone marrow aspirate is 
depicted in Pig. 58. In structure it tends to resemble ordinary reactive 
multinucleated plasma cells more closely than the comparable myeloma cell. 
Patek and Castle 50 using the same technique depict a similar cell (their Pig. 2) 
and Osgood and Hunter 52 portray in colors (their Fig. 8) just such a cell with 
one of the nuclei very large and irregular and the cytoplasm containing azurophil 
granules. 

H. Giant Cells in Systemic Disturbances Involving Lipids. — 

I. Giant Cells in Nicmann-Piclc’s Disease. — The giant cells in Niemann- 
Pick’s disease are relatively rare, the mononuclear type predominating. Ac- 
cording to Pick 53 these cells “include one or two small nuclei, occasionally 
many.” The central cell of our Fig. 59, as seen in tissue section, contains three 
such nuclei. The nuclei are round or oval, peripheral and discrete, and the 
chromatin particles are small but numerous, so that the pattern is similar to that 
of the nucleus of a reticulum cell or a histiocyte. The abundant cytoplasm con- 


Flate Nil 

Fig. 55. — Multinucleated plasma cell in sternal bone marrow aspirate. May-Grtjnwald- 
Giemsa stain; X2000. AIP Neg. 97SS2. 

Fig. 56. — Binucleatgd myeloma cell in a section of tumor in multiple myeloma. Hema- 
toxylin and eosin stain; X2000. AIP Neg. 98131. 

Fig. 57. — Binucleated myeloma cell in a bone marrow aspirate in multiple myeloma. May- 
Grtinwald-Giemsa stain; X2000. AIP Neg. 98132. 

Fig 58. — Binucleated plasma cell in sternal bone marrow smear in plasma ceil leukemia. 
Dr. R. P. Custer's case. May-GrUnwald-Giemsa stain; X2000. AIP Neg. 9S129. 

5g. — Multinucleated Niemann-Piclc cells in a section of spleen. Hematoxylin and 
eosin stain; X2000. AID Neg. 97888. 

wig fiO. Multinucleated Gaucher's cell in sternal 6 one marrow aspirate. Dr. R. p. 

Custer's case. May-Grub wald-Giemsa stain; X2000. AIP Neg. 97881. 
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Plate XH 

(For legend, see opposite page.) 
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sists merely of small and large, round vacuoles with thin intervening septa, The 
vacuoles are clear with ordinary staining methods, stain poorly (depending on 
mordant) with Nile blue and sudan 331, but stain with (be Smith-Dictrich 
method. The cells contain a phosphatide, sphingomyelin (Klonlc 54 ). For further 
cytologic detail and the histogenesis of this cell type the reader is referred to 
Bloom’s 55 detailed monograph. The characteristics of these cells in dry-fixed 
preparations arc well illustrated in photomicrographs of Pick 55 (his Fig. 1), 
in which the cells from the spleen contain a dense homogeneous central cytoplasm 
with the typical vacuoles peripherally situated, and of Rowland 50 (his Figs. 47 
and 48), in which cells from the spleen and bone marrow show a more diffuse 
distribution of the vacuoles. 

2. Giant Cells in Gaucher 's Disease. — Giant cells are rather frequently found 
in Gaucher’s disease although the mononuclear type still predominates. Snell 
Gaucher cells are multinucleated. As seen in tissue sections, the discrete nuclei 
have reticulum cell or histiocytic characteristics although the chromatin content is 
more conspicuous. The cytoplasm stains poorly with sudan III, Smith-Dietricli, 
or Nile blue; however, Mallory's aniline blue, connective tissue stain reveals a 
cytoplasm filled with a dark blue fibrillar substance, weblike in arrangement, in 
contrast to the honeycombed or foamlike appearance of other lipoid-containing 
cells. In fact, the cytoplasm of Gaucher cells is frequently spoken of as being 
wrinkled. Pincy and Ilamillon-Paterson 41 state that the fibrils of these cells may 
be brought out by silver impregnation. The appearance of these cells in tissue 
sections is well portrayed by Mandclbanm and Downey.* 7 Most, authors state 
that the cells contain the cerebroside, cerasin, originally described by Lieb. 5S 

The appearance of multinucleated Gaucher cells in dry-fixed preparations is 
similarly characteristic. The cells measure more than 50 microns in diameter. 
The oval or round discrete nuclei are relatively small and resemble reticulum 
cell nuclei, save that the irregular angular pieces of chromatin are coarser, al- 
though the chromatin-paraehromatin distinction is preserved. A single, small, 
round basophilic nucleolus is present in each nucleus. Basophilic fibrils are 
to be found embedded in the colorless or faintly basophilic cytoplasm (our 
Fig. 60). As degeneration sets in, however, vacuoles may also appear in the 
cytoplasm of these cells. 

3. Giant Cells in ffand-Schiiller-Christian Disease . — The majority of the 
giant cells seen in the xanthomatous lesions of this disease are lipid-containing 
but otherwise ordinary foreign body giant cells. The cytoplasm stains well with 
sudan III. The cells contain cholesterol and cholesterol esters as described 
originally by Pinlcus and Pick 50 in symptomatic xanthomatoses. A more spec- 
tacular type of giant cell called the Ton ton giant cell 00 (Fig. 61) is occasionally 
found. This cell presents a rim of elosely spaced discrete nuclei of the his- 
tiocytic type about an area of dense, homogenous, acidophilic cytoplasm. The 
ring of nuclei in turn is surrounded by an abundant, peripheral, foamy cyto- 
plasm. It must be emphasized that cells of this type are not specific for Iland- 
Schuller-Ghristian disease but may be found in the so-called secondary xanthoma- 
toses as well ; in fact, the cell depicted in Fig. 61 was found in an area of fatty 
degeneration within a kidney, the seat of chronic pyelonephritis. The structure 
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of the so-called nonspecific lipoid histiocytes is apparently not well known, 
Pascvwr 1 (his Fig. 113) depicts such a large vacuolated cell from the hone 
marrow in a case of diabetic xanthomatosis. For further interesting details the 
reader is referred to the monograph of Thannhauser and Magcndantz 61 upon 
this subject. 

4. Normal Fat Cells .— Normal fat cells within the blood-forming organs 
present few structural features that are of differential significance as seen in 
tissue sections. However, in dry-fixed preparations these large cells become 
flattened and distorted; they measure more than 60 microns in diameter and 
are usually round with an eccentric nucleus of the histiocytic type and an 
abundant colorless cytoplasm. As the cell body is broken up the cytoplasm 
takes on a wrinkled appearance and a faint basophilic tinge; at the same time 
numerous small vacuoles appear, particularly about the nucleus (our Fig. 62). 

5. Nonspecific, Fat-Containing Foreign Body Types of Giant Cells . — These 
cells are not uncommonly found in the blood-forming organs, particularly the 
lymph nodes, under many and diversified conditions (Fig. 63). They are fre- 
quently seen in or about reactive or degenerative processes. 

I. Giant Cells in Measles (Warthin-Finkeldey Giant Cells). — These 
giant cells are variously found in the germinal centers and surrounding 
lymphoid tissue of the abdominal lymph nodes, spleen, tonsils, appendix, or 
lymphoid tissues of the respiratory and gastrointestinal tracts, usually in the 
prodromal period of measles. Giant cells were first observed in measles by 
Alagna 62 who believed they somewhat resembled megakaryocytes. Warthin 63 
and Finkeldey 04 ’ 65 gave the first accurate descriptions of this specific giant cell 
type. The}- are large syncytial multinucleated giant cells containing from 5 to 
50 or more nuclei. The overlapping nuclei are generally arranged in a grape- 
like or mulberry-shaped cluster bordered by a scant rim of eosinophilic cyto- 
plasm. In the germinal and reaction center's the nuclei tend to be of the pale, 
vesicular, reticulum cell type (Fig. 64), with several small- or moderate-sized 
nucleoli. In the surrounding lymphoid tissue are numerous similar cells (Fig. 
65) with nuclei containing coarser chromatin particles resembling plasma cell 
nuclei. The nuclei in this latter cell type are somewhat more diffusely arranged, 
but the cytoplasm remains as a scant acidophilic border. Warthin 63 found no 
intracellular microorganisms or inclusions within the cytoplasm of these cells, 
but Hathaway 66 described them as being phagocytic. 

Origin: Warthin 63 regarded these giant cells as derived from cells of the 
lymphoblast type. Mulligan 67 concluded that they arose by a “polynuclear 
abnormal development of the stem cell.” The consensus is that they arise by 
amitotic division of reticulum cells, mesenchymal cells, plasma cells, or lympho- 
cytes or by fusion of lymphocytes (Corbett 63 ). In Fig. 66 is depicted the origin 
of such a cell in a distorted, reactive, multinucleated reticulum cell. 

J. Foreign Body Types of Giant Cells (Laxghans’ Glant Cell). In 

1868 Langhans 69 described the cell in tuberculosis which now- bears his name. 
It is a multinucleated giant cell having from 2 to more than 1,000 round or oval 
nuclei. In tissue sections the nuclei contain fine chromatin particles and a small 
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Fig 61 — Touton giant cell in section of kidnej with fatti degeneration in chronic 
pyelonephritis Hematoxylin and eosin stain, X2000 AlP N eg 98138 

Pig- 62 — Distorted fat cells in sternal bone marron aspirate May-Grlimvald-Giemsa 
stain , X2000 A1 P Neff 97883 

•ci.p. R5 Fat-containing foieign body giant cell in section of reactnc omental lymph 

node Hematoxylin and eosin stain X2000 AIP Neg 97001 



Plate XIV 


Fig. G4. — AVartUin-Finkeldey giant cell in section ol lymphoid tissue of appendix in 
prodromal stage ot measles. Hematoxylin and eosin stain ; XS000. AIP Xeg. 96999. 

Fig. G5. — AA’artUin-Fmkeidev giant cell in section of lymphoid tissue of appendix in 
prodromal stage of measles. Hematoxylin and cosin stain; X2000. AIP Xeg. 96994. 

Fig. G6 — Atypical enlarged reticulum ceil in section of lympoid tissue of appendix in 
prodromal stage or measles. Hematoxylin and eosin stain; X2000. AIP Xeg. 96997. 


Fig. G7. — Foreign body giant cell containing masses of mycobacterium lenrae in section 
ot lymph node in leprosy. ICinyoun's stain ; X200D. AIP Xeg. 97252. 

F i£r V? s - — Foreign body giant cell containing asteroid in section of lymph node in Imrosv 
Hcmatoxylln and eosin stain; X2000. AIP Keg. S7250. i.prosj. 


692 


ltKUUCK 


nucleolus or two; 1 hey resemble the nuclei of histiocytes or reticulum cells. By 
usage “Langhans’ type giant cell” has come io designate the type of cell with 
its nuclei arranged in a ring near the periphery of the cytoplasm. The cell 
outline may be round, oval, irregular, or stellate. The cytoplasm itself is slightly 
acidophilic and may' be finely granular or homogeneous, At times ingested in- 
clusions may be present, that is Mycobacterium tuberculosis may be demonstrated 
by acid-fast methods. Actually', however, Langhans not only described the 
cells with the peripheral ring of nuclei but also those with nuclei at one or both 
poles of the cell body, scattered diffusely throughout its substance or placed 
centrally'. This group of cells without the ring of nuclei is referred to as the 
foreign body type of giant cells by modern writers. Actually both groups am 
nonspecific. In infectious granulomas the so-called Langhans * type may be 
more frequently observed, whereas the foreign body type of nuclear arrange- 
ment is more likely' to be found about inert foreign substances, although this is 
by no means invariable. 

Foreign body' giant cells arise by' fusion of individual macrophages (his- 
tiocytes) or by' amitotic division of their nuclei without constriction of the cell 
bodies. The macrophages in turn arise from lymphocytes and monocytes which 
have migrated from the blood or from cells of the fixed connective tissues pos- 
sessing phagocy'tie abilities. The blood-forming organs, abounding as they do 
in fixed connective tissue cells with the ability of becoming phagocytic, usually 
draw upon this source for production of their phagocytic giant cells. It is be- 
yond the scope of this review to include all of the affections of the blood-forming 
organs in which the presence of the various foreign body' giant cells may be 
observed; however, some of them are herein listed : 

1. Tuberculosis (Langhans 03 ). 

2. Syphilis, especially' in the secondary stage (Michelson 70 ), but not con- 
fined to that stage. 

3. Actinomycosis (Forbus 71 in his Fig. 349 depicts a rod-shaped sulfur 
granule of Actinomyces bovis being ingested by' a foreign body giant cell). 

4. Leprosy'. Langhans’ and foreign body giant cells may be present in 
affected lymph nodes (our Figs. 67 and 68). With acid-fast techniques some 
of these cells are found to contain large numbers of Mycobacterium leprae ar- 
ranged as packets and globi (Fig. 67). An additional finding, although not 
specific for leprosy', is the peculiar structures occasionally' observed within the 
cydoplasm of such cells, called “asteroids” (Fig. 68). These were first described 
by Wolbach. 78 They are embedded in a round, pale staining area of the cyto- 
plasm and consist of a central dense zone from which radiate from 10 to 15 or 
more sharp or blunt spindles, the entire structure being more or less star shaped. 
Asteroids are usually acidophilic and have -been observed in the giant cells of 
tuberculosis, Boeek’s sarcoid, and histoplasmosis as well as of leprosy, to men- 
tion but a few. 

5. Lymphogranuloma venereum (lymphopathia venereum). In Fig. 69 is 
depicted a giant cell of the Langhans’ type in the zone of palisaded histiocytes 
about a typical stellate abscess in an inguinal lymph node in this disease (Ash 

and Spitz 73 ) . 
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6. Visceral leishmaniasis, Kala-azar (Moloney 71 ). 

7. Boeck’s sarcoid (Sehaumann 75 ). Foreign body giant cells are frequently 
observed in the granulomatous lesions ol' this disease. Bare cells may contain 
a large, laminated, deeply basophilic, roughly spherical structure called the 
“Schaumnnn body” (Fig. 70). These bodies are rather specific for Boeck’s 
sarcoid although similar structures are occasionally to he found in other con- 
ditions. 

S. Coccidioidomycosis. Shown in Fig. 71 is a giant cell which contains the 
causative organism, Goccidioidrs immitis, a nonbudding cell form undergoing 
endosporulation. Note the thick, double-contoured capsule. 

9. Paracoccidioidal granuloma. South American blastomycosis (Moore 7C ). 

10. Histoplasmosis. In Fig. 72 is depicted an irregular type of foreign 
body giant cell in which numerous organisms are 1o he found. Ifistoplasma 
capsnlatum appears as a very small yeastlike cell with a prominent nucleus and 
a thick retractile capsule. The small portion of free cytoplasm immediately 
above the giant cell in Fig. 72 likewise contains several such organisms. 

As mentioned in the section on the giant cells in Hodgkin’s disease, it 
should he kept in mind that nonspecific and merely reactive foreign body giant 
cells may occur in lymphomas and related affections of the reticulo-ondotlielial 
systmn. 

For further details of the morphology and occurrence of foreign body 
giant cells in specific diseases the reader is referred to the excellent monographs 
of Hay thorn 1 and Ash and Spitz. 73 

K. Miscellaneous Giant Cells and Structures Resembling Giant 
Cells. — 

1. Nonspecific Reactive Giant Cells . — Frequently in the nonspecific subacute 
and chronic inflammations affecting particularly the lymph nodes and spleen, 
a few reactive forms of giant cells arc found of which little previous mention 
has been made in the literature. They consist of small foreign body giant cells 
with a few irregularly situated histiocytic nuclei, or they are polvlobular mono- 
nuclear forms (Fig. 73), probably representing a reactive multilobulation of the 
reticulum cell nucleus. Their nuclei have small basophilic nucleoli and varying 
amounts of granular chromatin. The cell outline is usually irregular and the 
faintly acidophilic cytoplasm is not remarkable. Occasionally many fat-con- 
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Fig. 71. — A portion of a large foreign body giant cell containing Cocciitioides immitis in 
section of lymph node in coccidioidomycosis. Hematoxylin and eosin stain ; X2000. AIP 
Neg. 97248. 

Fig. 72. — Foreign body giant cell and detached cytoplasm containing Histoplnsma cap- 
sulatum in section of lymph node in histoplasmosis. Hematoxylin and eosin stain ; X2000. AIP 
Neg. 37886. 


Fig. 73. — Atypical enlarged reticulum cell in section of reactive lymph node. Hematoxylin 
and eosin stain; X2000. AIP Neg. 97007. 

Fig. 74. — Giant cell in section of lymph node in brucellosis. Hematoxylin and eosin 
stain; X2000. AIP Neg. 98135. 

75 Giant cell in section of lymph node in disseminated lupus erythematosus. 

Hematoxj’lin and eosin stain; X2000. AfP Neg. 98130. 

yip.' « phaeocvtic histiocyte in section of spleen in idiopathic pulmonary fibrosis. 

Hematoxylin and eosin stain; X2000. AIP Neg. 97011. 

jj.jp 77 Modified capillary in section of lymph node. Hematoxylin and eosin stain ; 

X2000. AIP Neg. 97617. 
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tabling vacuoles arc to be found within t he cell body (Fig. 63). These types 
are of importance because they have at times been confused with megakaryo- 
cytes or with the giant cells of Hodgkin’s disease and reticulum cell sarcoma. 

2. The Giant Celts in Brucellosis. — In certain relatively rare reactions of the 
blood-forming organs to brucella, particularly Brucella mdiicnsis, the histio- 
cytic and reticulum cell reaction may present nonspecific plcomorphism similar 
to that described in the preceding paragraph. Represented in Fig. 74 is just 
such a type of giant cell in the lymph node from a ease of brucellosis proved hv 
both blood cultures and recovery of the organism after animal inoculation. These 
colls have been spoken of as simulating the cells of Hodgkin’s disease. How- 
ever it is apparent that the nuclei of the giant cells of brucellosis are like those 
of nonspecific histiocytes or reticulum cells, with small although circumscribed 
basophilic nucleoli. 

3. The Gian i Cells in ilic Lymph Nodes of Disseminated Lupus Erythemato- 
sus. — Recently Fox and Rosahn" have described a type of giant cell frequently 
found in the lymph nodes in cases of disseminated lupus erythematosus. It is 
superficially somewhat like a megakaryocyte, possessing one or two large 
multilobular nuclei with a greater chromatin content than the customary 
reticulum cell nucleus (Fig. 75). Unlike a megakaryocyte, however, it lacks 
evidence of pseudopodial plalelet formation, its cytoplasm being composed of 
a homogeneous, pale, or acidophilic substance. 

4. Scavenger Cells. — Occasionally large phagocytic mononuclear macro- 
phages which have ingested numerous nuclear remnants (Fig. 76) may be mis- 
taken for unusual giant cell forms. 

5. Capillary Cross Section. — Another structure which may be confused with 
abnormal giant cell types is the specially constructed blood capillary of the lym- 
phatic tissue of the lymph nodes and the appendix when it is viewed in cross sec- 
tion (Fig. 77). These capillaries are lined by a single layer of cuboidal endo- 
thelial cells instead of those of the usual pavement cell type. Lymphocytes are 
frequently found migrating through the Avails of these structures, Avhicli thus 
serve as a mode of egress for the lymphocytes in addition to the efferent ducts. 
When, as is frequently the case, the lumen is found to contain red corpuscles as 
well as lymphocytes, the true nature of the structure is apparent at a glance. 
In inflammatory reactions, however, the cuboidal cells may become sAVollen so 
as to occlude the lumen, making identification difficult unless serial sections 
are available; in these the identity of the structures is readily apparent (Maxi- 
mow and Bloom 18 ). 

COMMENT 

The structure of the giant cells of the blood-forming organs in both physi- 
ologic and pathologic processes has been presented in atlas form. Attention of 
the hematologist is directed to variations of the giant mesenchymal structures 
of the hematopoietic organs in conditions not ordinarily of prime hematologic 
interest, for the reason that such affections are of the same stromal site or origin 
as are many of the blood dyscrasias. The use of dry-fixed smears or impression 



697 


STRUCTURE OF Cl A XT CELUS IX FLOOD-FORM IXC ORGANS 


preparations o£ the blood-forming organs in conjunction with tissue sections 
affords another source, of information regarding structural characteristics of 
many giant cell types. 

It is hoped that the collection of photomicrographic representations of the 
many giant cell types within the scope of a single article will provide an oppor- 
tunity for ready comparison of both related and unrelated giant cell forms and 
will serve as an aid in the determination of the nature and degree of such rela- 
tionships or differences. 
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MITOCHONDRIA AND THEIR RELATION TO THE SO-CALLED 

HYALOPLASM 


Oliver P. .Tones, Pii.D. 

Buffalo, N. Y. 

INTRODUCTION 

D URING the past fifteen years considerable morphologic evidence lias been 
collected which indicates that genuine megaloblasts have no role in normal 
erythropoiesis. 3 ' 2 But megaloblasts do, however, play the major role in the 
pathologic erythropoiesis which occurs in bone marrow from patients with a 
liver principle deficiency anemia. Before arriving at these conclusions, it was 
necessary to study material similar to that which Doan and associates* used 
while formulating their theory for avian and mammalian erythropoiesis. Be- 
cause of the studies of Sabin 4 in 3921 on vitally stainahle granulation in 
exythroblasts, blood' drawn from chick blastoderms on the second and third days 
of incubation was considered' the best single source of cells which Doan and 
associates would accept unequivocally as megaloblasts. In my studies of the 
blood from these chick blastoderms it was considered desirable not only to study 
it vitally according to Sabin’s method, but also to employ Doan and associates’ 
supravital technique and to cheek Sugiyama ’s® findings with Wright ’s stain. 

Although my observations on chick erytbroblasts stained vitally with neu- 
ti’al red confirm those made by Sabin, observations made on Wright stained' dry 
films did not correspond to either Sabin’s or Sugiynma’s description. First, the 
nuclei were not as empty or devoid of structure as described by Doan and 
associates, nor as poorly preserved as illustrated by Sugiyama. Second, the 
cytoplasm of these primitive red blood cells bad much more structure than 
described by Sabin and it differed in degree from fhe cytoplasm described and 
illustrated by Sugiyama. The thing which attracted my attention was the 
presence in the cytoplasm of pale or yellowish areas of hyaloplasm, sometimes 
discrete, not unlike those described by Downey® in cells from certain cases of 
leukemic retieulo-endotlieliosis. These observations alone did not seem to be so 
important until similar cells stained supravitally with either janus green or 
pinaeyanol were found to have a distribution of mitochondria practically iden- 
tical with the areas of hyaloplasm as seen in dry fixed smears. Because of the 
apparent high degree of correlation between these structures seen in cells pre- 
pared by two different methods, it was tentatively concluded that the so-called 
hyaloplasm represented the negative images of mitochondria. Due to an in- 
terest in the placental transfer of antipernicious anemia principle 7 and the 
development of a presumptive test for it, 8 studies made originally on chick 
primitive erythroblasts were carried over to similar cells in the yolk sac of 
the eleven-day rat embryo. Normally these yellowish areas or flecks in the 
basophilic cytoplasm are distributed so as to fall into tliree main categories, 
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namely, diffuse, perinuclear, and a juxtanuelcar clump, llte latter uas of par- 
ticular interest since the administration of liver extract, desiccated hogs 
stomach, or synthetic folic acid produced an increase in the number of cells 
having a juxtanuclear clump of the cytoplasmic pale areas in diy fixed mate- 
rial and of the mitochondria in the supravital material. 

The present paper describes results which represent the termination of an 
extended period of observation and the beginning of an analysis of the cyto- 
plasm with various techniques applicable to the material studied. 

METHODS 

Twenty dozen cliicken eggs were incubated for periods ranging from two to nine days. 
Blood was "drawn from the blastoderms and studied according to the techniques described 
by Sabin* and Sngiyama.s Pinacyanolo was usually the dye use for supravital technique, 
but janus green and neutral red were also used, especially for the studies on chick blood 
cells . 10 Throughout the course of investigating several related problems, 4, 1ST eleven-day rat 
embryos were obtainted from seventy-nine control and 30S test pregnant W istar rats. Blood 
from the yolk sac” was studied by means of various techniques. In supravital studies, 
anmiotie fluid was withdrawn by means of a fine capillar}- pipette before delivering the rat 
yolk sac. A drop of this was placed on a specially prepared slide and yolk sac swished 
around in it. Then the preparation was covered and sealed with petroleum jelly. Although 
blood cells fTom embryos whose mothers received various antianemic substances were studied 
as the occasion arose, only observations on normal yolk sac blood are considered in this 
article. Dry films of blood from 1,657 embryos were stained with the May-Grunwald-Giemsa 
combination of Pappenlieim within six hours after they were made. Permanent mitochon- 
drial preparations were made from dry films of both embryonic chick and rat blood cells. 
The former were fixed and stained according to Schridde ’s 33 original technique, with the ex- 
ception that differentiation was carried out in 1 per cent methyl green rather than picric 
acid alcohol. Practically all of the mitochondrial preparations of embryonic rat blood cells 
were made by adapting the standard Benslev-Cowdry technique 13 to this material. Cover slip 
preparations were dried rapidly and placed immediately in either Begaud’s formalin bichro- 
mate or acetic osmic bichromate for eighteen to twenty-four hours. They were washed in 
tap water for two or three minutes followed by a brief bath in distilled water. The use of 
permanganate and oxalic acid was unnecessary. The cover slip preparations with the fixed 
film directed upwards were placed on slides to facilitate handling while staining with aniline 
acid fuchsin. Heat was applied for ten seconds and the preparation allowed to cool. This 
•was repeated two or three times. Either metlivl gTeen or Wright’s stain applied for ten to 
fifteen seconds was used for differentiation and counterstaining. Dehydration was accom- 
plished by rapidly passing the cover slips through two changes of absolute alcohol followed 
by xylene. The distribution and localization of lipoid material was studied with the aid 
Sudan black, wliich was introduced by Lisonu and later employed by Baker 33 for the studv 
of Golgi element. Breslily dried cover slip preparations were placed in Baker’s forrnol- 
calcium fixative for eighteen to twenty-four hours. After washing in distilled water for 
one or two minutes, they were passed through 50 and 70 per cent alcohol and stained in a 
saturated solution of sudan black in 70 per cent alcohol for ten minutes. Cover slips were 
placed with the fixed smears facing downward in the Sudan black in order to prevent dye 
particles from collecting on cells. Small glass rods or a metal paper clip were used to ele- 
vate the cover slips from the bottom of the staining dish and thereby permit an even dis- 
tribution of stain. Excessive amounts of the dye were extracted by passing the preparation 
through three changes of 50 per cent alcohol for exactly ten seconds in each change of alco- 
hol. They were then washed in distilled water for about two minutes and mounted in glvcbr- 
ogcUo No counter stain was used. The presence of vitamin A was detected bv usin<^ the 
Carr-Price reagent of 30 per cent antimony trichloride in chloroform. 3 - Cover slip prepara- 
tions, which had been kept in the dark, were inverted on a clean slide and two parallel 
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edges were sealed with petroleum jelly. This aided iu channeling the reagent and prevented 
the cover slip from moving when the immersion lens was focused. The preparation was 
then examined under low power for a suitable field of primitive crythroblnsts which when 
found was examined with the oil immersion lens. The reagent was permitted to How be- 
neath the cover slip by capillary attraction. The presence of vitamin A was indicated 
by a fugitive light greenish blue color reaction. 

Phase microscopyis has been a great aid in this problem. The optical differentiation 
of cytoplasmic structures having small differences in their optical path was made possible 
by selecting an oil immersion lens with the proper diffraction plate. Bright contrast was 
obtained with a 1.8 mm. objective, 0.2A + 0.25 X, and dnrk contrast with 1.8 mm. objectives, 
1.0B-0.25 X and 2.3B-0.33 X. Unstained dry films were inverted on a drop or two of either 
Baker’s formol-calcium or 10 per cent formalin and ringed with petroleum jelly. Such prep- 
arations have remained in good condition for two months. After studying cells with phase 
microscopy, it was then possible to mark them for restudy with a bright field microscope fol- 
lowing Wright’s stain or Baker’s formol-sudnn black. Oil and petroleum jelly were removed 
by camel’s hair brush moistened with xylene. Cover slip preparations were washed briefly 
in distilled water, dried, and stained with Wright’s stain. They were again washed briefly 
in distilled water, dried in air, cleared in xylene, and mounted in clarito. Both bright- and 
dark-contrast phase microscopy were used with Sudan black preparations. Although dark 
contrast was used in combination with the supravital technique, preference was given to 
studies of unstained dry films with bright contrast phase microscopy. The combination 
of dark contrast phase microscopy and Sudan black brought out more detail than either 
technique alone. All of these studies were done with a Spencer research microscope. 

OBSERVATIONS 

A. Embryonic Chick Blood Cells . — 

1 . Dry Films of Blood From Chick Blastoderms Incubated Two Days: This 
material should be of interest to all students of the megaloblast-normoblast 
problem since, according to Doan and associates 3 and Sabin, 4 practically all of 
the cells pi’esent are megaloblasts, in the sense of their definition. However, no 
matter how intriguing this phase of the problem may be, it must not detract 
from our present interest in the cytoplasm. Some of these cells are illustrated 
on Plate I and designated as primitive erythroblasts according to Maximow. 15 
Regardless of whether Wright’s stain or May-Griinwald-Giemsa is used, one 
of the most striking characteristics is the very basophilic cytoplasm which agrees 
with the observations made by Doan and associates 3 and Dawson 30 but not with 
those of Sugiyama 5 who described it as having a reddish tinge. Another con- 
stant characteristic of this basophilic cytoplasm is that it is not uniform and 
homogeneous, contrary to Doan and associates 3 universal description for such 
cells. It is mottled with light areas of what Pappenheinr 1 called hyaloplasm 
(paraplasm). These areas are neither uniform in their size and shape, nor 
their distribution. For example, in cell 1, a, Plate T, there are faint filamentous 
light areas, while in cell 1 , b, there is a definite juxtanuclear light area in addi- 
tion to others scattered throughout the cytoplasm. The juxtanuclear area of 
cell 1 , b, may be what some authors have called the region of the centrosphere, 
which according to Dawson 20 is indistinct but according to Sugiyama 5 appears 
as a clear red spot. At no time were large perfectly clear spots lacking sub- 
stance found as described and illustrated by Sugiyama. Such an area in his 
Fig. 4 was in all probability an artifact. 
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The nuclei of these primitive ervtliroblasts have one or two large well 
defined nucleoli. They may be round or irregular. The nuclear chromatin 
and its characteristic pattern, however, are something which escaped the atten- 
tion of Sabin, 4 Doan and associates, 3 Sugiyama, 5 and Dawson. 30 It is very 
definitely not pale, scanty, and obscure as these authors have reported. To the 
contrary, the nuclear pattern is quite distinctive and is not identical with that 
of any cell normally found in the bone marrow. The chromatin is arranged in 
more or less angular particles varying in size. They are not as uniform in 
size and distribution as those of genuine megaloblasts_ of pernicious anemia 
bone marrow during relapse. 1 * 2 > 22 There is a sharp demarcation between the 
chromatin and parachromatin (basi- and oxychromatin). Although the para- 
chromatin is conspicuous in some cells, it never exceeds the chromatin in amount. 
Some of the chromatin particles have delicate strands connecting them. There 
is usually a marked tendency for it to concentrate in the vicinity of the nucleoli. 
Sugiyama ’s 5 Fig. S does a great injustice to these cells. 

2. Supravital Preparations of Blood From Chick Blastoderms Incubated 
Two Days: Either janus green or pinacyanol was used for these studies. In 
general, the mitochondria were either rod or eoecoid forms like those described 
by Doan and associates 3 for the rabbit and Sugiyama 5 for the chick. Their 
number varied from 28 to 57. In addition to these there were also occasional 
filamentous forms which did not stain as intensely as the other forms. In 
no instance were the long filaments the only type of mitochondria present as 
reported by Dawson. 20 In many cells the mitochondria were scattered through- 
out the cytoplasm but in others they had a very definite perinuclear and juxta- 
nuclear arrangement not unlike the clear areas shown in cell 1, b, Plate I. 
Their position seemed to be relatively stable since they would maintain their 
perinuclear distribution even though the cells were flattened and made to move 
by gentle pressure on the cover slip. They really gave the impression of cling- 
ing to the nucleus as Cunningham and Tompkins 23 have described for other 
cells. In dead or damaged cells, the mitochondria would move and oscillate, 
indicating a change in the cytoplasm from a gel to sol state. 


After preparations were studied with a bright-tield microscope, they were 
then examined with dark-field illumination: the deep purple or dark blue 
mitochondria stained with pinacyanol appeared orange and the green mito- 
chondria stained with janus green appeared reddish. However, the most im- 
portant finding was that not all of the mitochondria had been stained selectively. 
The number of unstained refraetile mitochondria varied from 1 to 6 per cell. 
No counts were made to determine the relative proportion of cells with all of 
their mitochondria stained. It was first thought that the concentration of the 
dye, its distribution on the slide, or the duration of exposure might have some- 
thing to do with the nonstaining of some mitochondria, but subsequent studies 
on the rat primitive ervthroblast have lead to the conclusion that mitochondria 
within a single cell differ in their composition. 


InnLl77 nC n Preparations of Blood From Chick Blastoderms 

Incubated Tuo Days: After the previously stated observations were made it 
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was tentatively concluded that the light areas, as seen in dry films o£ primitive 
erythroblasts stained with the usual hematologic dyes, represented negative 
images of mitochondria. Investigations of this problem along more critical and 
analytical lines had to be postponed for about seven years. However, these 
observations have now been verified and another method of study was intro- 
duced. It was felt that since all mitochondria do not stain supravital !y, and 
this reaction is probably due to the presence of a proteolytic enzyme, 21 one of the 
more specific techniques should lie applied to this material. Only moderate suc- 
cess was obtained' when Scliridde’s modification of Altniann’s technique was 
used. 12 The cells were- rounded up and the distribution of mitochondria was 
not readily made out. Then too, a great many cells were lost from the cover 
slips. Both of these difficulties were overcome when >he first part of Freifeld’s 
technique 23 was used, namely, the rapid drying of films or imprints before im- 
mersion in the fixing fluid. It is understood that this means drying in air at 
room temperature until the films appear dry. After examining these prepara- 
tions and noting the clear-cut mitochondrial distribution as that in cells 2, a, 


Tlatk I 


All cells were photographed at the same magnification of 1S50 diameters. Cell X is a 
red blood cell from the maternal placental circulation to he used as a comparison of size. 
Nuclei of most colls arc out of focus in order to bring out cytoplasmic detail. With the ex- 
ception of cells 1 and 2, all cells are primitive erythroblasts from the volk sacs of eleven-day 
rat embryos. 

1, Blood from chicle blastoderm after two and one-lmlf days Incubation. Wright's stain. 
Cytoplasm is quite basophilic. Light areas of the so-called hyaloplasm vary in shape nnd dis- 
tribution. Cell /, a, lias filamentous clear areas; cell J, V, a juxtanucloar clump; nnd cell l, c, 
a diffuse distribution. 

2, Blood from chick blastoderm after two and three-quarter days incubntion. Modified 
Schriddo’s mitochondrial technique using methyl green for differentiation nnd counterstalning. 
Most of the mitochondria tend to be cocci shaped but some short plump rods and filaments 
were present. In cell 2, o, the mitochondria have a diffuse distribution. Faint filaments are 
present in the lower portion of the cytoplasm. Cell 2, b, has a perinuclear distribution of 
mitochondria. 


3, May-GrUnwald-GIemsa stain. Cytoplasm is deeply basophilic. This cell is of par- 
ticular interest because there are filamentous areas of the so-called hyaloplasm. Some of these 
areas are quite curved and may appear horseshoe shaped like that shown In the lower left 
portion of the cytoplasm. 

i, May-GrUnwald-GIemsa stain. Cytoplasm Is quite basophilic with a more or less 
diffuse arrangement of yellowish areas of the so-called spherical area in the upper left portion 
of the cytoplasm. See text for discussion of its probable nature. 

5, May-Grtinwald-Giomsa stain. Most of the cytoplasm is very basophilic nnd fairly 
homogeneous. Note that the light areas of so-called hyaloplasm have a perinuclear arrange- 
ment. The small, dark rodlike structure at the upper margin of the cell is a piece of dust. 

G, May-Grllnwald-Giemsa stain. Tile nonmitotic cell 0, a, has a juxtanuclear clump of 
the so-called hyaloplasm. Some authors would describe this as a Hof in the region of the cyto- 
centrum. Careful focusin; I ■ <d • r areas of cells 0 and G, a, are not homogeneous 

but contain many closely I i ■>. ; < i; owish or pale areas. Cell 6, b, is in prophase of 

mitosis and has a deeply :. with a diffuse distribution of yellowish areas. 


7, Bensley-Cowdry aniline acid fuchsin technique applied to dry smear. Most of the mito- 
chondria are cocci shaped but there are some short rods. Note their diffuse distribution. 

8, Bensley-Cowdry aniline acid fuchsin technique applied to dry smear. Morphology of 
mitochondria is the same as in cell 7, but the distribution is quite different. There is a good 
correlation between perinuclear clear areas as shown in cell G and the perinuclear arrangement 
of mitochondria. 

9, Bensley-Cowdry aniline acid fuclisin technique applied to dry smear. Morphology of 

■* ’ *’ - same as in cell 7, but the distribution is different from either of the pre- 

gli there is a juxtanuclear clump of mitochondria, there are still some 
the cytoplasm. Note the correlation between this type of mitochondrial 
Juxtanuclear position of the clear area in cell fi. 

JO Baker’s formol-sudan black technique. The mitochondria appear as gray or grayish 
black cocci and short plump rods. Some filamentous forms may also be seen, but they for 
the most part do not take on as much sudan black as the other forms. This cell has a diffuse 
arrangement of mitochondria. 

11 Baker’s formol-sudan black technique. The mitochondria appear as described for ceil 
10, but iiere they have a perinuclear disti ibution with some slightly out of focus superimposed 

on the nue eus . j_ gu) j an black technique. Morphology of mitochondria is the same as 
,.|t j, ;„t the distribution is that of a juxtanuclear clump. Faint filaments are present 
” {hi lower portion of the cytoplasm and they have varying degrees of curvature. The two 
Mack spheres to the left of the nucleus belong to the Golgi element. 
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aud ,2, b, Plate 1, one wonders why so little use lias been made of this technique 
in recent years. Studies of these preparations showed a good correlation be- 
tween the distribution of mitochondria and the clear areas in the cytoplasm. In 
addition, the modified Schridde technique stained' many more filamentous 
mitochondria than were ever seen with either dark-field illumination or the 
supravital technique. This very likely is due to the fact that the action of 
acid fuchsiu is dependent upon the lipoidal nature of mitochondria, :c hence 
this technique would bring out mitochondria with low refractive indices not seen 
with dark-field illumination and those without proteolytic enzymes not stained 
supravitally. The advantage of this technique is that dry films may be stained 
specifically for mitochondria and compared with dry films stained with the 
standard hematologic dyes. 

B. Embryonic Bat Blood Cells . — 

1. Dry Films of Blood From Yolk Sac of Eleven-Day Rat Embryo: As 
indicated in the Introduction, these studies were transferred to primitive 
erythroblasts of the rat embryo because of the avnilibility of material. Tin's 
was advantageous because these cells are larger and have more cytoplasm. Care- 
ful examination revealed many bizarre arrangements of the so-called hyaloplasm. 
Cell 3 is of interest because of curved areas which, in one instance, appeared 
horseslioe-shaped. Areas which have a similar appearance have been described 
and illustrated by Sandberg and Downey 27 in reticular lymphocytes as repre- 
senting cracks in the basophilic spongioplasm filled with clear hyaloplasm. This 
quite naturally implies an absence of definite structure, if we adhere to the ac- 
cepted usage of the term hyaloplasm. 28 In all probability some of these light 
areas in other cells have been called trophospongium or canaliculi. 20 In a fair 
percentage of the cells examined, these areas in the cytoplasm had a very 
definite yellowish tinge. This perhaps would have been ignored, if it had not 
been recalled that Bensley 30 described extracted liver mitochondria os having a 
yellowish appearance. In spite of subsequent findings which indicated that a 
carotenoid pigment is present, it is still not known whether or not this colora- 
tion can he attributed to the stain or to the natural state of these cytoplasmic 
areas. Bight or wrong, it fortified the evidence favoring the mitochondrial 
nature of the so-called hyaloplasmic areas and led to other investigations the 
results of which justified the original assumption. 

Early in the course of these investigations it was thought that perhaps one 
way to solve this problem was to determine the incidences of various configura- 
tions of the so-called hyaloplasmic areas as seen in dry films stained with 
May-Griinwald-Giemsa and to correlate them with the incidences of known 
mitochondrial configurations. Primitive erythroblasts may be divided into 
three groups according to the distribution of the light areas. In the fii'st group 
the cells have a more or less diffuse arrangement as illustrated by cell 4, Plate I. 
Such cells constitute about 60 per cent of all erythroblasts. In the second 
group the cells have a greater concentration of the light areas around the nu- 
cleus forming a perinuclear Hof. In general, cytoplasm between this peri- 
nuclear clear area and the cell margin is more homogeneous than that in the first 
type. Compare cells 4 and 5, Plate I. The third group is made up of cells 
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having a fairly well-defined accumulation of dear areas more or less to one side 
of the nucleus, a juxtanuclcar clump as shown in cell 6. In some instances this 
juxtanuclear light area would be separated from the nucleus hr a hand of 
basophilic cytoplasm and in others it would he in contact with the nucleai mem- 
brane. Careful examination of these juxtanuclcar light areas, as well as peri- 
nuclear areas, revealed that they are composed' of many closely packed yellow- 
ish or pale cocci-shaped and short plump rodlike areas. Cells of groups two 
and three constitute about 30 and 10 per cent, respectively, of all primitive 
erytliroblasts. Additional illustrations of these cells may he found in articles 
dealing primarily with nuclear structure 1 * 31 and in a recent one concerning cell 
potentialities. 32 

2. Supravital Preparations of Blood From Yolk Sac of Eleven-Day Bat 
Embryo: In general, the observations made on the chick cells stained with 
janus green or pinaeyanol apply equally well for rat embryonic blood so that 
they need not be repeated here. However, it is important to describe the stain- 
ing reaction of embryonic rat cells to neutral red. Granules or vacuoles 
(6 to 18) of variable size usually appeared in that region of the cell referred 
to as the centrosphere which in most instances also represented the area with 
the greatest concentration of mitochondria. All granules or vacuoles were not 
limited to this area because many were found around the nucleus, as described 
by Sugiyama 3 * 5 * * * * for tbe chick. At the present time it is impossible to state 
whether or not all of the structures stainable with neutral red are identical in 
nature. However, there are some of these which enlarge greatly with time, 
while the others remain more or less the same size. Unfortunately Baker’s 13 
method of using neutral red, which prevents an increase in their size, was not 
tried. Occasionally it was impossible to decide whether or not a few mito- 
chondria were also stained with neutral red, especially in tlxe ease of the coeci- 
shaped mitochoudria. Practically all of the neutral red vacuoles were colored 
uniformly, but in rare instances they had a chromophilic periphery and a 
chromophobie center. It has not been determined whether or not these would 
eventually develop into the first type. Cell 4 has a single clear round area in 
the upper left portion of the cell. This is not unlike some of the neutral red 


vacuoles with respect to size and position. Even though the cells in the supra- 
vital preparations were not flattened to the extent that they were in dry films, 
the distribution of the mitochondria corresponded to the distribution of the 
light areas previously described. In addition to this, there was ample evidence 
to indicate that some of the light areas, or so-called hyaloplasm, were due to 
structures which stained with neutral red in the living. In view of the recent 
articles by Baker 13 and Worley. 33 the latter represent part of the Golgi element. 


3. Permanent Mitochondrial Preparations of Blood From Eleven-Day Bat 

Embryo: All of the evidence thus far has indicated that the so-called byalo- 

plasnnc areas, for the most part hut not exclusively, represented negative images 

of mitochondria. The neutral red portion of the Golgi element contributed a 

very small part. If the centrioles contribute anything to tbe formation of 

these areas it must indeed be very small, since they have not been demon- 

strated wrth certainty in any of the previous or subsequent studies. Quite 
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early in these investigations it was deemed necessary (o correlate the distribu- 
tion of mitochondria in dry films witli that of the light areas demonstrable by 
routine hematologic stains. This quantitative approach to t lie problem was 
later abandoned in favor of a more direct one, namely, phase microscopy, which 
will be discussed in section B, 6. 

Qualitative studies revealed' that, in general, mitochondria of primitive 
erytliroblasts bad three types of distribution similar to the arrangement of the 
light areas described in sections .4, 1 and B, 1. Compare cells J, o, and 0 with 
7, 8, 9 of Plate I. For no reason other than that of convenience, lie gaud ! s fixa- 
tive was used more frequently than acetic osmie bichromate. Jn cells fixed 
with the former it was a fairly constant occurrence for the mitochondria to be 
thicker. This is in agreement with Baker’s 1 '' statement that potassium bichro- 
mate causes them to round up and swell. On the other hand, the acetic osmie 
bichromate seemed superior for the fixation of filamentous mitochondria. Cells 
8 and 9 ai'e of particular interest because in addition to the perinuclear and 
juxtamiclcar distribution of mitochondria, quite a few are scattered through- 
out the cytoplasm. As a rule more mitochondria were stained with this tech- 
nique than with the supravital technique. Although much criticism has been 
leveled against the use of dry films for cytologic studies, especially of the 
nucleus, it was interesting to note that mitochondria behaved as discrete struc- 
tures resisting mechanical force. The evidence for this was that they were seen 
as fuchsinophilic bodies in the neighborhood of damaged or smashed cells. 
Lazarow 3 * has reported that free mitochondria from the guinea pig liver may at 
times retain their exact intracellular shape. 

The correlation which has been described is nothing new in hematology. 
Forty years ago Sehridde ,s maintained that the perinuclear clear Hof of lym- 
phoblasts, as seen in sections stained with azure II-eosin or methyl green- 
pyronin, was nothing more than the negative image of accumulations of Alt- 
mann-Schridde granules (mitochondria in present-day terminology). In a very 
critical review of this subject, Klein 30 discredited Schriddo’s view by stating 
that the mitochondria were not located in the perinuclear clear zone but more 
peripherad. He further maintained that the perinuclear zone was an artifact. 
This and other polemics of that period centering around the Unitarian and 
dualistic theories for hematopoiesis apparently caused hematologists to forget 
Seliridde’s original observation. Although the present study does not involve 
lymphoblasts, it seems as though both Schridde and' Klein were correct to a cer- 
tain extent, if a distribution of mitochondria like that in primitive erytliroblasts 
obtains in lymphoid cells. 

4. Formal Sudan Black Preparations of Blood Prom Yolk Sac of Eleven- 
Bay Bat Embryo: If all of the previous observations were correct, then it 
should be possible to apply certain histochemieal techniques in order further to 
analyze the true nature of the so-called hyaloplasmic areas. It has been known 
for some time that mitochondria contain lipoid (in general sense). Bensley 30 
reported that mitochondria from guinea pig liver contain about 35 per cent 
total lipoid and Goerner 37 found that they ranged from 27.0 to 32.4 per cent 
in the rabbit liver. It has been rather paradoxical to know that in spite of this 
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liiglt lipoid content, mitochondria did not stain with sudan III or I\. ’ ' This 
lias been attributed to the lipoid being inaccessible to sudan in a lipopiotein 
complex, and Beasley 50 lias suggested that these negative results were due to 
the fact that the fat of the mitochondria was dispersed in ultramicroscopic 
form. In the past, one way to unmask these lipoids was to use the rather tedi- 
ous procedure of Ciaccio outlined by Bowen,* 9 but sudan black readily accom- 
plishes this physically rather than chemically. Lison 14 reported the superiority 
of sudan black over all other similar dyes for demonstrating total fat histo- 
chemically. This is due to the fact that sudan black has a great affinity for all 
lipoids and readily dissolves in them. Perhaps equally important is the fact 
that blue blacks and black are more discernible than the various oranges, reds, 
etc. Sudan black also has another important advantage which has been pointed 
out by Baker, 15 namely, that it does not have a tendency to form connecting 
bridges between the structure in which it is deposited and another. It was my 
good fortune to have Mr. E. R. Hayes, who has been studying the histochemistry 
of the adrenal cortex, introduce the use of sudan black in our laboratory. 

After having studied mitochondria by means of the supravital and Bensley- 
Cowdry techniques and dark-field illumination, it was not difficult to identify 
them in formol-sudan black preparations. For the most part they appeared as 
gray or grayish black cocci and short plump rods. Filamentous forms varied 
in their color from gray to a color which was almost indistinguishable from 
that of the surrounding cytoplasm. Since sudan black was available to all 
parts of the cell, it is justifiable to conclude that mitochondria within a given 
cell differ in their lipoid composition. In general, the distribution of the 
mitochondria could be divided into three main categories, namely, diffuse, 
perinuclear, and juxtanuclear, as illustrated in cells 10, 11, and 12 of Plate I. 
In addition to the mitochondria, there were a few spherical sudanophilic struc- 
tures which constantly appeared black or bluish black. Two such structures 
are illustrated to the left of the nucleus in cell 12. In most instances they ap- 
peared as sudanophilic throughout, but occasionally some with sudanophobic 
cores were encountered. They ranged from zero to eight per cell and were 
perhaps more constantly associated with the accumulation of mitochondria than 
any other region. In view of Baker’s 15 work, these structures are in all pro- 
bability related to the Golgi element and will require further study. The 
present evidence suggests that a clear spherical area like that in cell 4, Plate I, 
represents the negative image of a portion of the Golgi element. 

The sudan black preparations demonstrated that considerable sudanophilic 
material may be located above and below the nucleus as illustrated in cell 11. 
It is quite possible that this may explain the appearance of vaeuole-like struc- 
tures and rarefactions in some nuclei of leukemic cells. 


From a cytoeliemical point of view, cells 11 and 12, Plate I, are interesting 
smee the disposition of sudan black indicated that the perinuclear and juxta^ 
unclear areas contain much more lipoid than the surrounding cytoplasm. An 
attempt was made to localize pi-oteiu in this area by the use of Millon’s re- 
agent. 15 Thus far it has been impossible to demonstrate that protein is more 
concentrated m one part of the cell than it is in another. These observations 
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are contrary to those of Schleicher.'”' whose conclusions drawn from stained 
preparations alone have been too far-reaching, lie lias assumed that iheHof 
of pronormoblasts contains more protein than the pei'inuelear zone either be- 
cause the fluid state of the Ilof permitted protein to migrate there in the process 
of drying or because there is normally a greater concentration in that particular 
region. Although the present article deals primarily with a study of embryonic 
rat blood cells, sufficient material lias been studied to indicate that in general 
the same conditions obtain for human hone marrow. In all probability some 
of the oxyphilic homogeneous patches in the cytoplasm which Schleicher de- 
scribed' were the negative images of mitochondria. 

Too much emphasis cannot he placed on the necessity of having good dry 
films for cytologic and diagnostic purposes. They should he rapidly dried and 
stained almost immediately for the best results. Most of us have obtained poor 
results after staining films which have been left overnight or longer. Quite 
recently some direct evidence was obtained which gave a clue to the possible 
nature of this process, which may rightfully he considered as degenerative. Jn 
order to study the stability of cytoplasmic structure in dry films, preparations 
were permitted to remain unfixed for four, six, and eight days, either in room 
air or in a desiccator. They were subsequently divided into three groups and 
stained by one of the following methods: May-Griimvald-Gicmsa, Bcnsley- 
Cowdry, or formol-sud'an black. There was certainly a loss of cytoplasmic 
detail as reported by Schleicher.™ There was also a tendency for mitochondria 
to become less distinct. Fuehsinophilie and sudanophilie material appeared in 
portions of the cytoplasm not usually possessing these properties. The inter- 
pretation of sudan black preparations was that additional lipoid material had 
been made available for the d'ye. Perhaps this was by the breaking down of 
lipoprotein complexes which Bison 10 discusses under the heading of lipophane- 
rosis. There may also be some spreading of lipoid material from the mitochon- 
dria to adjacent cytoplasmic areas. As to whether or not these processes are 
solely responsible for the alterations in the tinctorial qualities of cells stained 
with Romanowsky dyes, or a parallel phenomenon, cannot be stated at this 
time. In general, these changes were not as great in cells which were kept in 
the desiccator as they were in cells which have remained in room air. 

Hematologists are beginning to find sudan black useful for studies other 
than those previously reported. Baillif and Kimbrough 41 studied leukocyte 
granules in various stages of development in both normal and pathologic blood- 
Eosinophilie and neutrophilic granules exhibited a sudanophilia even when they 
were very immature. Basophil granules were entirely sudanophobic. In our 
laboratory, Kibler 42 has found that Auer rods in acute leukemia are definitely 
sudanophilie, a property which distinguishes them from other forms of so-called 
azurophilic granulation including Kurloff bodies. 

5. Beaction of Blood From Yolk Sac of Eleven-Bay Fat Embryos to 
Antimony Trichloride : It already has been mentioned that quite early in 
these investigations the yellowish tint of the so-called hyaloplasm suggested a 
possible relationship of these areas to mitochondria. After this was estab- 
lished to a fair degree of certainly the most obvious thing to do was to deter- 
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mine whether or not primitive erythroblasts had carotenoid pigment localized 
within their mitochondria. Joyet-Lavcrgne 43 and' Bourne 3 have applied the 
Carr-Price” reagent of antimony trichloride in chloroform to a wide variety of 
plant and animal tissues. Due to the fact that vitamin A produces an intense 
blue reaction with this reagent and carotene produces a greenish blue color, 
these authors were unable to determine exactly which of these carotenoids was 
present or whether both were. Goerner, 3 * however, using chemical methods 
which permitted a more exact analysis of isolated mitochondria, was able to 
show that they contain vitamin A. In the course of studying liver, cardiac 
muscle, and genital glands of birds, reptiles, amphibians, and fish, Joyet-La- 
vergne 44 observed that some red cells showed traces of vitamin A. Since its 
absence was not the general rule, he conducted further studies on the blood 
of the skate. Red blood cells of the skate were grouped into three categories de- 
pending upon their reaction to the Carr-Price reagent. Cells belonging to the 
first group, which were the most numerous, had fine blue filaments near the 
nucleus with rare granules and short rods in the rest of the cytoplasm. Those 
of group two were richer in fine blue filaments and granules than group one. 
The last group contained cells which failed to give a blue reaction. In order to 
localize this reaction, parallel studies of blood with mitochondrial techniques 
were conducted' and showed a distribution of these elements similar to the three 
categories previously listed. According to Joyet-Lavergne, this confirmed the 
general proposition that vitamin A is an essential constituent of mitochondria. 
By the use of fluorescence microscopy, Popper 43 concluded that the appearance 
of some of the fine bars or droplets in epithelial cells simulated the appearance - 
of mitochondria. 


The results of the present study on primitive erythroblasts of the rat are 
of interest not only because they showed that these cells give a positive reaction 
to the Carr-Price reagent but because it was possible to localize this reaction 
within a single mitochondrion. For routine determinations of the presence of 
carotenoid pigment the best results were obtained by examining the preparations 
with a 4 mm. objective. As a rule the greenish blue color reaction appeared in 
ten seconds and' lasted for twenty to seventy seconds before it commenced to 
spread throughout the cytoplasm and fade. The distribution of this color 
reaction corresponded in general to the three types of mitochondrial arrange- 
ment. By using a half aperture on the substage condenser diaphragm or 
oblique lighting it was possible to localize this reaction within a single 
mitochondrion with the oil immersion lens. Even long filaments reacted uni- 
formally throughout. Careful examination of a mass of mitochondria similar 
to those shown in cells 6 , 9 , and 12 would often reveal many of the individual 
elements. Such an exact localization was made possible only by all of the previ- 
ous studies leading up to this point. Although Andersen and Levine 46 have 
described a method for differentiating vitamin A from carotene, no attempt was 
made to do so in the present studies. Hence, the reaction obtained in the em- 
bryonic rat cells may indicate the presence of either one or both of these sub- 
stances. However, the results of Goerners” work suggest that we were verv 
likelv dealing with vitamin A. ‘ 
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One of the most surprising findings in these experiments was that cover slip 
preparations of embryonic blood kept in the dark gave a positive reaction to 
antimony trichloride as long as four months after they were made. There did 
not seem to he an appreciable loss in the intensity of the color reaction. Bo- 
dansky' 7 has pointed' out that vitamin A in nature is quite resistant to oxida- 
tion and attributed its stability to the presence of antioxidants. Popper* 5 ob- 
served that tissue sections kept in plasma or serum did not lose their vitamin 
A as rapidly as those kept in water. This lie believed was due to the presence 
of some protective principle. Such a thing may very well explain why dry 
films of embryonic blood retained their vitamin A after four months, since the 
cells were surrounded by a thin film of dried plasma. For a discussion of the 
significance of the presence of vitamin A in mitochondria see Bourne."' 1 So f ar 
it has been impossible to determine the presence of vitamin C in primitive 
erythroblasts. 

6>. Correlation of Mitochondria With ihc Negative Images in Ihc Cytoplasm 
by Means of Phase Microscopy: Up to this point, both in the ease of results 
reported' by Scliridde 35 and those previously mentioned, it lias been possible to 
conclude that the light areas in the cytoplasm of dry films stained with Roinan- 
owsky dyes represent, for the most part, negative images of mitochondria, only 
by makiug parallel studies with several techniques and correlating the findings. 
Although all of the accumulated evidence lias pointed in this direction, tech- 
nical difficulties have made it impossible, until quite recently, to say with cer- 
tainty that small groups of mitochondria or even a single mitochondrion as 
seen in an unstained preparation will appear as a negative image when stained 
with routine hematologic stains. Phase microscopy’* 1 lias provided the answer 
to this problem. 

Unstained dry films were usually mounted on a drop of Baker’s formol-cal- 
eium fixative. The rationale for this was twofold. First, the mounting medium 
should be of such a nature that it would not only fix the cells to the cover slip 
but that it would also prevent the passage of lipoids into colloidal solution. 
Second, it should permit subsequent staining with either a routine hematologic 
stain or sudan black. The prime objective was to locate, by means of optical 
differentiation, filamentous mitochondria not necessarily associated with either 
perinuclear or juxtanuelear accumulations of these structures, and then deter- 
mine whether or not they appeared in the stained preparations. By using this 
approach it was possible to decide definitely that the streaks, crevices, curved 
areas, and' structures which suggest eanaliculi in the basophilic cytoplasm are 
truly the negative images of mitochondria. For example, the horseshoe-shaped 
clear area of cell 3 represents the negative image of an underlying mitochon- 
drion. Such a configuration is not an uncommon finding in primitive erythro- 
blasts. However, it is important to realize that not all mitochondria will 
appear as negative in a dry fixed smear stained with one of the Romanowsky 
dyes. The extent to which they may he visualized is dependent upon how 
deeply they are located within the cytoplasm. As a rule the more superficial 
mitochondria located by bright contrast phase microscopy are the ones which 
will readily appear as negative images. The deeper ones which are even diffi- 
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cult to visualize with bright contrast are usually obscured by the overlying 
basophilic cytoplasm in routine preparations. II the mitochondria are grouped, 
as in perinuclear and juxtanuclear accumulations, then their representation 
as a negative image is practically assured in preparations subsequent!} stained 
with Wright’s stain. 

When unstained dry films are studied with hriglit-ficld microscopy consid- 
erable structure may be demonstrated in tbe cytoplasm, if the condenser 
diaphragm is closed about one half. As a matter of fact, cell 13, Plate II, con- 
tains more structure than Isaacs 45 allows for stained' cells which he calls 
megaloblasts. When these cells were studied with bright- and dark-contrast 
phase microscopy, details previously lost in diffraction patterns were made much 
more distinct. Cells U and 15, Plate II, show short rodlike mitochondria and 
ringlike structures. The latter will be described more full}' later. Cells 16 to 
18, Plate II, are of particular interest since most of the mitochondria were dis- 
tributed in the same optical plane. Attention is directed to the morphology and 
relative position of the mitochondria in unstained cells 16 and 17. After the 
same cells were dried and stained with Wright’s stain, most of the filamentous 
forms appeared as negative images in the deeply basophilic cytoplasm .(cell 
18, a, Plate II). In addition to these, the perinuclear accumulation of 
mitochondria and Golgi elements shown in cells 16 and 17 also appeared as nega- 
tive image areas. These are undoubtedly identical with the light areas in the 
cytoplasm of proerythroblasts which Naegeli" 3 described and illustrated without 
knowing their true nature. A comparison of cells 16 and 17 with cells 18, a and 
18, b, Plate II, should be very instructive to hematologists because of their size 
differences. Measurements of the mean cell and nuclear diameters shows that, 
after fixation and staining with Wright’s stain, the nncleocytoplasmic ratios 
have been increased slightly. In the case of 18, a it changed from 60 to 67.4 
per cent. This was due to the fact that alcoholic fixation caused a relatively 
greater shrinkage of the cytoplasm than that of the nucleus. In section B, 3 it 
was pointed out that mitochondria in damaged cells behaved as discrete struc- 
tures resisting mechanical force. In cell 18, a the curved filamentous light area 
(mitochondrion) behaved in a similar fashion. Although its relative position 
with respect to the nuclear membrane and edge of tbe cell was altered, the 
morphology was undisturbed by shrinkage. In a subsequent article it will be 
shown that cells in dry films swell when placed in an aqueous medium and 
shrink with alcoholic fixation even after they have been flattened and dried. 
Cell IS, b is of interest because of the diffuse distribution of the light areas 
which correspond to the structures illustrated in cells 16 and 17. Plate II. 

One of the most striking things revealed through phase microscopy was 
the high degree of organization present in the cytoplasm of primitive erythro- 
blasts after they had been smeared and dried rapidly. A false impression is ob- 
tained if cells like those illustrated in 8, 9, 11, and 12, Plate I, are studied with 
one technique alone. The impression that mitochondria are more or less heaped 
about the nucleus was discredited through the use of phase microscopy which 
revealed that they have a more general distribution and that there are some 
forms which do not stain readily with either arid fnchsin or sudan black. This 
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very likely is due to tlie fact that the results of those techniques depend upon 
the fatty nature of mitochondria-’" which is variable, and the heat treatment 
may have caused some filaments to break up. In spite of all the .structure re- 
vealed through phase microscopy, at no time was it possible to locate anything 
which even approximated what we designate as a “classical Golgi net or appara- 
tus.’’ Furthermore, it has also been impossible to locate in dividing cells a 
structure which could' be called a cent ride. 

Much valuable information was obtained by combining the fonnol-sudan 
black technique with dark contrast phase microscopy. According to bison 43 
and Baker, 15 whatever appeal's blue black consists of lipoids. Hence, mitochon- 
dria must vary in their lipoid content because they appear as grayish struc- 
tures and some, especially the filamentous forms, must contain a minimal 
amount. 'When such forms have been suspect ed of being located within a cer- 
tain cytoplasmic area, the use of phase microscopy has made their presence a 
certainty. In section 7>\ 4 it was mentioned that the sudnnophilie solid spheres 
and those with a sudanophobic core were probably related to the Golgi element. 
With the aid' of darlc-contrast phase microscopy it was possible to determine that 
in addition to these forms there are sudanophilic rings which pass around 
sudanophobic cores in a manner quite similar to that described by Baker. 15 
They also resembled osmiophilie platelets of plant cells. 40 This finding tends to 
strengthen the view that the reason for not being able to locate a classical Golgi 
apparatus within primitive erythroblasts is probably not due to the fact that 
it was not preserved but rather that it does not exist ns such. All of this will 
require further study. 

7. The Action of Ribonuclcasc on Basophilic Cytoplasm: As a conclusion 
to all of the preceding sections which have dealt with the nature of the light 
areas in basophilic cytoplasm, it seems appropriate that the latter should also be 
analyzed in dry films. Basophilia of lymphocytes was identified by Bracbet 50 as 
l'ibonucleoprotein by digesting sections of the spleen in a crude preparation of 
ribonuclease. Recently, Wisloclii and Dempsey 51 have shown that the basophilia 
of definitive erythroblasts in sections of monkey’s bone marrow was abolished 


PLATE IX 


Cells 13 to 17 were mounted in 10 per cent formalin and photographed at a magnification 
of 1G10 diameters. Colls 18 , a, and 18 , b, were mounted in clarlte and photographed at a mas- 
nification of 1625 d’ameters. 

13, Unstained cell as seen with lirieht-fleid microscope at about half aperture. Although 
there is considerable cytoplasmic structure in this cell, tlic detail is lost in diffraction patterns. 

H, Bright contrast with 0.2 i A + 0.2 A diffraction plate. Note the rod and ring forms to 
tile right of the nucleus. In Sudan black preparations the rings appeared sudanophilic anu 
are probably related to the Golgi element. 

15, Dark contrast with 2.3B - 0.33 A diffraction plate. This was focused at a slightly 
lower level than cell i } in order to demonstrate structures to the left of the nucleus which 
appear as dark rods. Ring forms previously described may also be seen to the right of the 
nucleus. 


10, Unstained cells in bright contrast with 0.21 A + 0.2 A diffraction plate. Note the 
curved and straight filamentous mitochondria in the upper half of cell a. Ring forms near the 
nucleus are also present. 

17 Same cells as 16 in dark contrast with 2.3B - 0.33 A diffraction plate. Note the shape 
and relative position of the mitochondria in the upper half of cell a. 

IS Same cells as in 18 and 17 after drying and staining with Wright’s stain. Bright- 
microscopy The filamentous mitochondria appear as negative images in the basophilic 
mVtnninstn Although there has been considerable shrinkage, the morphology of the light 
areas is practically identical with that of the mitochondria demonstrated by phase microscopy. 

rpho nhaso photo-micrographs were fur -ourtesy of the Research Divi- 

Tmo^cnn'cmtical Company Scientific Buffalo, N. Y., and the plates 

arranged^ by P M? D DtolHcl.: Director o " " University of Buffalo. 
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after digesting them in a solution of crystalline rihonuclease. In our labora- 
tory, cover slip preparations of dry films of embryonic blood have also been suc- 
cessfully treated with a similar solution of crystalline enzyme* and the bas- 
ophilic material in the cytoplasm and nucleoli has been identified as ribomielco- 
protcin. These preparations were fixed briefly in Zenker-formol and controls 
were incubated in buffer solution. Either methyl green-pyronin or Wright’s 
stain were used' as counterstains. Cytoplasm of digested cells stains quite 
acidophilienliy with the latter. At the present it is impossible to state how 
much of this reaction may he attributed to hemoglobin which has been un- 
covered. 

DISCUSSION 

It is impossible in the space allotted to discuss adequately all of the rami- 
fications of a problem which was started over seven years ago as merely an inves- 
tigation of the pale or light, cytoplasmic areas of primitive erythroblasts. It 
has grown and extended well beyond the limits of pure morphology due to the 
development and application of newer histochemieal and optical techniques. 
All of the evidence presented indicates that it is no longer logical to ascribe a 
hyaloplasmic nature to the clear areas of cytoplasm in primitive erythroblasts 
since, contrary to being the clear and more fluid ground substance of protoplasm, 
they actually represent the negative images of definite formed bodies. The use 
of the term hyaloplasm has been varied. When Pappenhenn 51 adopted the 
term paraplasm (hyaloplasm) he did so not only because accurate descriptive 
terminology Avas lacking in tbc field of morphologic hematology, but also be- 
cause most cytologists were still using this term in the sense originally employed 
by Leydig, 0 - lo say the least, the tAvo terms, spongioplasm and 1 hyaloplasm, 
haA 7 e served a useful purpose in the absence of more specific information re- 
garding the true nature of these substances.’- c - 2r However, most cytologists 
haA r e forsaken this interpretation of cytoplasmic structure in favor of one 
Avhich considers the hyaloplasm to be the continuous phase of a polvphasic col- 
loidal system. It is the clear, apparently homogeneous ground substance in 
Avhicli formed bodies are suspended. 2B > 2S ’ 33 > 54 When Pappenhcim 33 published 
his Avork he continued to use the term paraplasm (hyaloplasm) in its original 
sense. - ’ 0 During this same period Schafer 32 deplored the fact that certain 
cytologists had introduced' confusion into the terminology by employing the 
term hyaloplasm in a different sense. In spite of the fact that most hema- 
tologists haA-e continued to use the terms spongioplasm and hyaloplasm (para- 
plasm) to describe the basophilic cytoreticulum and the lighter interspongioplas- 
mic material pi’esent in lymphoid cells, biologists abandoned this usage long ago. 
In all probability the hematologist continued to use these terms because he had 
little or no interest in the actual structure of cytoplasm beyond Avliat knoAvledge 
Avas necessary for the classification of cells. 

Perhaps one of the most important findings in the present investigation is 
that since 1880 hematologists have been making dry film preparations which 

♦Crystalline ribonuclease was kindly furnished bv Dr. E. A. Sharp, Department of Clini- 
cal Investigation, Parke, Davis * Company, Detroit, Mich. 
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preserve cytoplasmic detail with an extraordinary degree of accuracy. It seems 
to me that hematologists should not he castigated so much for using the di\ 
film method of studying blood, ■ ,B as for not having endeavored to find out the 
nature of some of the things which they have repeatedly described and perhaps 
argued about. To be sure, new techniques should be devised' and used but not 
to the extent that the older ones are not developed and utilized to their optimum. 
Cunningham and Tompkins 23 pointed out that the methods of Ehrlich and 
Romanowsky are not capable of demonstrating certain specific data which the 
supravital technique reveals. This is only partially true in the ease of primitive 
erytbroblasts from the cliiek and rat, for we now know that a fairly accurate 
estimate of the mitochondrial distribution may be obtained from a study of 
good dry smears alone. This reevaluation of what can he seen in dry films and 
its interpretation increases the usefulness of this method for studying the in- 
fluence of antianemic substances transmitted across the placenta." s Cell size, 
nuclear structure, and the general mitochondrial distribution may all be studied 
in a single properly prepared dry film of embryonic blood. 

The use of dry films of the embryonic yolk sac was introduced by Kirsch- 
baum 31 ' 31 primarily for the purpose of studying the nuclear structure of mam- 
malian embryonic blood cells and comparing these with the megal oblasts of per- 
nicious anemia. Later, this material was found suitable for studying the in- 
fluence of antipernicious anemia principle on embryonic erythropoiesis." s > 2 " 35 
The present article has revealed that this material is particularly suitable for 
investigating the cytochemistry of a single cell. Although the latter has been 
limited to only a few techniques, it is hoped that additional ones will be applic- 
able to this material and that our knowledge will he extended in this new and 
interesting field. The method of approach outlined in the preceding pages 
may very well he applied to other cell types with slight modifications necessary 
to suit the individual problem. 

At the present time it is impossible to predict what practical applications 
in clinical hematology will arise from knowledge that negative images of 
mitochondria are demonstrable with routine hematologic stains. Perhaps it 
may lead to a differentiation between macronormoblasts found in the marrows 
of patients with hepatic cirrhosis and those in the marrows from patients with 
various hemolytic anemias. It will be interesting to determine whether or 
not vitamin A is present in the former. Finally, megaloblasts must now be 
restudied in light of these recent findings. 

SUMMARY 

1. Blood from tlve yolk sacs of eleven-day rat embryos was studied by means 
o£ various cytologic, eytocheniical, and optical techniques. 

2. Freshly dried films of primitive erytbroblasts preserve cytoplasmic 
detail to an extraordinary degree. 

3. Light areas in basophilic cytoplasm previously described as Imdonlasm 
or paraplasm represent, for the most part, the negative images of underlying 
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4. Cytochemical techniques reveal that the tight areas (mitochondria) ate 
relatively rich in lipoid material and contain a carotenoid pigment, probably 
vitamin A. Cytoplasmic basophilia is due to ribonuclcoprotein. 

5. Phase microscopy makes it possible to study structures in unstained blood 
cells which are usually hidden in routine preparations. 
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INDUCTION OP LEUKEMIA IN EIGHT INBEE D STOCKS OP MICE 
VARYING IN SUSCEPTIBILITY TO TIIE SPONTANEOUS 

DISEASE 


Arthur Kirsohraum, Pii.D., M.D., and Harry W. Mixkh, M.S., M.I).° 

Minneapolis, Minx. 

T HE incidence of spontaneous leukemia in inbred mice is dependent on Ike 
genetic constitution of the strain. If a chemical or physical agent is to he 
considered “lcukcmogenic” then its administration must result in (1) an in- 
crease in the incidence of leukemia among test as compared with control mice 
of the same stock, (2) an accelerated onset of the disease, or (3) both effects. 

Using these criteria, agents of three general types, two chemical and one 
physical, have been considered to be lcukcmogenic. The chemical agents 
are first carcinogenic hydrocarbons, such as carcinogenic tar," mcthylchol- 
antlirene, 11 ’ S4> S7> 32 benzpyrene, 24 * 31 and 9, 10-dimcthyl-l, 2 -benzan 1 hrncenc, ,T,5<1 
and second various estrogens. 14, 13 Ionizing radiations such as x, gamma, and 
beta rays represent the physical agents capable of inducing this effect/* 10 * 1T 
Included under the term “leukemia” in mice arc systemic lymphatic and 
myelogenous leukemia and both localized and metastatic lymphosarcoma. Cer- 
tain high leukemia stocks develop all these disease types spontaneously. 23 The 
induced disease has usually been lymphoid in our experience, except in those 
instances where the stock of mice develops myeloid leukemia spontaneously. 25 
Morphologically and clinically these human and mouse diseases are very similar. 0 
Response to therapeutic agents is comparable in both species. 5 * °* 52 * 13 

Susceptibility to the induction of leukemia cannot always be correlated 
with susceptibility to spontaneous leukemia. 8 * 21 * 33 Furthermore, x-rays may 
induce leukemia in stocks which are refractory to the chemical carcinogens. 21 
This report represents an analysis of these phenomena in eight inbred stocks of 
mice. 

51 ATS' RIALS AND 5IETIIODS 

Control groups for cacli stock of mice (except C57 Black) were observed by us. The 
strains used for experiments were dba-sublino 212, Bagg albino, CBA, C3H, Strong A, NH, 
C57 Black, and F. In each stock (except C57 Black) the offspring of the controls were used 
as test animals. All mice were fed a diet of Purina fox chow and were permitted to breed to 
the extent that treatment with the ieukemogonic agents allowed. A total of 1,400 mice were 
observed; the number used for each experiment is indicated on the bar graphs (Figs. 1 to 5) 
and tables. 

Mice wero placed on experiment at 10 weeks of age. Methylcholanthrene was admin- 
istered by skin-painting, the carcinogen being dissolved in benzene as a 0.25 or 0.5 per cent 
solution. The solution was applied with a camel’s hair brush (% by % inches), a different 

From the Departments of Anatomy and Radiology, University of Minnesota Medical 
School. 

This investigation has been aided by grants from The Jane Coffin Childs Memorial Fund 
for Medical Research, the National Cancer Institute, and the Cancer Fund of the Graduate 
School of the University oC Minnesota. 

‘National Cancer Institute Trainee in Radiology. 
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urea of the skin receiving the carcinogen with each painting. Animals wore painted three 
times weekly with the weaker and twice weekly with the stronger solution. Estrogen was ad- 
ministered to Bagg albino and CBA mice in the form of a subcutaneous pellet of estrone' 1 
ana to C3H animals by a single subcutaneous injection of 50 gamma weekly (throughout 
tho experiment) of estradiol dipropionate in 0.1 c.c. of sesame oil. X-rays were administered 
by whole body irradiation. 1-40 kv., 30 cm. distance, 2 mm. aluminum filter. The mice were 
kept in a cardboard container while receiving radiation. Ttoentgens in air and interval of 
application are indicated on the bar graphs and their legends (Figs. 1 to 5) and in the tables 
(Tables I to VIII). 

Leukemia was diagnosed by both gross and microscopic examination. The disease was 
detected in most of the animals ante mortem by physical examination. 

RESULTS 

Strain dba-Subttnc 212 (Table I and Fig. 1). — Following only eighteen 
paintings of a 0.25 per cent solution of metliylcliolanthrene in benzene, there was 
an increase in the total incidence of leukemia and an acceleration in the onset 
of the disease (Fig. 1, b). If the carcinogen was applied three times weekly 
and this treatment was continued until the animal was sacrificed because death 
seemed imminent, these effects were accentuated (Fig. 1, c). X-rays were also 
leukemogenie for this strain, hut not to the same degree as methyleholanthrene 
(Fig. 1, d, e, and /). In spite of the fact that in this stock mammary cancer 
occurs spontaneously (Table I), and its onset was accelerated by the action of 
methyleholanthrene, and some females probably died as a result before leukemia 
developed, the incidence of leukemia was consistently higher in females 
(Table I). This suggests that female animals of this stock may he more sensitive 
than males to the development of both spontaneous and induced leukemia. Other 
investigators have noted that in certain stocks females develop leukemia more 
readily than males 3 and the incidence may he reduced by ovariectomy, 30 - 34 
although this phenomenon is not universal. 20 

It may he concluded that strain dba-212 is moderately susceptible to the 
development of spontaneous leukemia. Upon administration of methylchol- 
anthrene, or exposure to x-rays in appropriate doses, leukemia appeared earlier 


Table I. Strain dba — Subline 212 
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NUMBER YTITH j 
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in life than in untreated mice of this strain, and the incidence of the disease was 
increased. Susceptibility to the Icukcmogcnie action of estrogenic hormone 
could not be determined because this stock does not tolerate the doses of estrogen 
known to be necessary for leukcmogenesis in susceptible strains. 

Strain CBA (Table II and Fig. 2). — Five out of seventy-six untreated 
CBA mice developed leukemia spontaneously (Fig. 2, «). When treated with 
methylcholanthrene none of thirty-four animals developed leukemia (Fig. 2, h). 
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Fig. 1.- 


-Illustrates the incidence of leukemia in controls of the dba-212 strain and in mice of 
this stock tvhich were treated with methylcholanthrene or exposed to x-rays. 


Because of the development of skin cancer resulting from the action of methyl- 
cholanthrene (Table II), none of these mice survived beyond 350 days of age. 
However if methylcholanthrene were leukemogenie for this strain leukemia 
should have appeared before this age (compare Figs. 1, c and 2, 6). Although 
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CBA mice were ref raclon' to tlic leukemogenic action of nictliyicliolantlircnc, 
x-rays proved to be a potent leukemogoH (Fig. 2, c). A single dose of 200 or 
400 r is probably above the threshold range for this strain, although such doses 
were not as effective as much higher doses in inducing leukemia (compare Fig. 
2, c and g with c). Estrone induced leukemia in two out of seventeen mice (com- 
pare Fig. 2, a and d). In contrast to the dba strain leukemia was not induced 
more readily in female than in male animals (Table II). The development of 
mammary cancer was not a complicating factor in this stock. 


Tabu: II. Strain CBA 


TREATMENT 

| NUMBER or MICE 

NUMBER WITH 
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Table III. Strain Balb 
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Strain Balb (Table III and Fig. 3). — Although a large number of the 
seventy-seven control animals are still alive, those living have reached sufficient 
age (Fig. 3, a) to serve as controls for the induction of leukemia in this stock. 
Only one case of leukemia has appeared among the controls. When treated 
with methjdcholanthrene, although a large per cent of the mice developed skin 
cancer (Table III), these animals were of such an age (Fig. 3, b ) that eases 
would have appeared in this group if methylcholanthrenc were leukemogenic 
for this stock. When 200 r of x-rays were given monthly for nine successive 
months, ten out of sixteen animals developed the disease (nine of eleven females 
and one of five males). Estrone was almost as potent a leukemogen as x-rays 
from the standpoint of the total number of leukemias induced and was more 
active from the standpoint of latent period (compare Fig. 3, c and d). Only 
male mice were tested with estrone pellets, since females of this stock develop 
pyometra and all die within 200 days after implantation of the pellet. 

Thus, Bagg albino mice were relatively refractory to the development of 
spontaneous leukemia, and proved to lie absolutely refractory to the leukemogenic 
action of methyleholantbrene, but susceptible to x-rays or estrone as leukemia 
incitors. 
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-Illustrates the incidence of leukemia in untreated Bagg albino mice and in groups 
treated with niethylcholanthrene, x-rays, or estradiol dipropionate. 
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Table IV. Strain* C3II 



NUMBER OK j 

| MICE 

[ NUMBER WITH j 
| LEUKEMIA 

NUMBER WITH 
MAMMARY CANCER* 

NO LEUKEMIA 

TREATMENT 

i 

TOTAL 

MALE 

1’E- i 
MALE j 

TOTAI 

MALE 

FE- 

MALE 

TOTAI, 

1 CANCER 
| PLUS 
| .EUICEMIA 

OR MAMMARY 
CANCER 
SKIN CANCER 

None 

«2 

2'i 

59 

n 

0 

0 

30 } 

0 

0 

MCt— cont— 0.25% 

:n 

o 

31 

0 

0 

0 

11$ 

0 

IS 

X-ravp — SSO r 

20 

14 

15 

o 

1 

3 

5 

0 

0 

Estradiol dipropion- 
ate 

2S 

15 

13 

o 

1 

1 

11 

0 

0 


•Females. 

•Thirty out of thirty-nine mice with the mammary cancer "mllk-aRcnt" developed mam- 
mary cancer. 

tTwcnty-thrce of the thirty-one females In this Kroon lacked the mammary cancer 
milk-agent." 

IMethj'lcholnnthrone. 

Strain C3II a (Tablo IV and Fig. 4). — No leukemias were observed in 
eighty-two control mice, nor was leukemia induced in any of thirty-one animals 
painted with a 0.25 per cent solution of methylehohinthrcne in benzene. In <1 
group of 29 C3II mice which received a total of SSO r of x-rays (SO r on eleven 
successive days), two animals developed leukemia. The same number of 
leukemias appeared in a group of twenty-eight animals which received 50 
gamma weekly of estradiol dipropionate. In all groups a considerable number 
of females developed mammary cancer (Table IV). As a result of painting with 
methylcholanthrcno skin cancer was a cause of death so that very few mice 
treated with the carcinogen survived beyond 300 days of age. 

The C3H stock of mice is thus a low-leukemia strain which was refractory 
to the leukomogenic action of mcthyleholanthrcne, but probably somewhat sus- 
ceptible to the leukemia-inciting action of x-rays and estradiol dipropionate. 
X-rays 17 and estrogens 1 ' 1 have been demonstrated by other investigators to induce 
leukemia in C3II mice. In a previous experiment 55 C3II animals were refractory 
to methylcholanthrene. 

Strong A Strain (Table V and Fig. 5, « and b ). — In the present experiments 
x-rays were the only leukeinogenie agent studied. Six cases of leukemia (Fig- 
5, b) appeared among fifty-eight mice which received radiation with x-rays, 
whereas there were no cases in the group of ninety-two controls. Thus, although 
leukemia did not appear in untreated mice of the Strong A strain, these mice 
were moderately susceptible to the leukomogenic action of x-rays. In previous 
studies methylcholanthrene did not induce leukemia in this stock 21 and estrogens 
were probably only very weakly Icukemogenic. 11 


Table V. Strain Strong A 



number of mice 

NUMBER WITH 
LEUKEMIA 

NUMBER WITH MAM- 

TREATMENT 

| TOTAL | MALE 

| FEMALE 

TOTAL I MALE I FEMALE 

MARY CANCER 

None 

X-rays t 

92* 42 

50 

0 0 0 

35 

58} 27 

31 

c. 1 5 

5 

•Eight died of liver abscess. 





t2Q0 r-X9 either biweekly or monthly, or 400 r in one dose. 

^Fourteen without leukemia died of liver abscess. 

*C3H and CS7 Black mice were supplied by Dr. John J. Bittner. University of Minnesota 
Medical School. 
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Strain Nil (Table VI and Fig. 5, c and <7). — Four eases of leukemia ap- 
peared in the group of 304 controls and seven cases in thirty-one animals 
receiving x-rays. This stock did not tolerate estrogens well and methyl- 
eholanthrene was not tested. 

Strain Co7 Black (Table VII and Fig. 5, c and /). — These mice were 
refractory to induction of leukemia by mclliylcholanflirene, but developed 
leukemia following radiation with x-rays (fifteen out of sixlv-two mice). Methyl* 
cholanthrcne-treated mice lived to be from 300 to 400 days of age; by 400 days 
of age, nine of the fifteen eases of leukemia induced by x-rays had appeared. 
This is a low-leukemia slock which was refractory Jo estrogenic hormone as a 
leukemia incitor. 14 Susceptibility to the leukemogenic action of x-rays has 
been reported previously in this slock. 111 


Tabu: VI. Strain Nil 



1 

number or mice I 


TREATMENT 

| TOTAL | MALE 

| FEMALE I 

TOTAL 

1 MALE 

1 female 

None 

10-1 

02 

42 

4 

o 

O 

X-rays — 200 r-X9 monthly or 
biweekly 

31 

7 

21 

7 

0 

7 


Table VII. Strain C57 Black 



NUMBER OE MICE 

NUMBER WITH 
LEUKEMIA 

NUMBER WITH 

TREATMENT 

TOTAI,| MALE | EEMAI.E 

TOTALl MALE (FEMALE 

SKIN CANCER 

MC* — cont — 0.25% 

37 0 37 

17} 0 17} 

20 

X-rays — 200 r-X9 monthly 

02 20 30 

15 9 0 

0 


•Methylcholanthrenc. 

fUndifferentlatcd sarcoma oC lymph nodes. 


Table VIII. Stuais F 



NUMBER OF MICE 

NUMBER WITH 
LEUKEMIA 

number 

treatment 

TOTAL] MALE (FEMALE 

TOTALl male | female 

LIVING 

None 

92 42 50 

57 20 31 

7 


102 55 47 

29 17 12 

29 


Strain F (Table VIII and Fig. 5, g and h ) . — This is a high leukemia stock 
(Fig. 5, g) in which leukemia appeared precociously when the mice were skin 
painted with methyleholantlireiio. 24 ' 25 This strain did not tolerate x-rays well 
in the doses given (in Fig. 5, h note deaths without leukemia at an early age). 
The relatively poor general status of these animals following radiation might ac- 
count for the fact that x-rays failed to increase the incidence of leukemia during 
the first year of life (Fig. 5, g and h). The doses of x-rays used did not appre- 
ciably decrease the expected incidence of leukemia for this strain. Strain F 
mice do not tolerate estrogens in leukemogenic doses. 

DISCUSSION 

Evidently multiple agents (carcinogens, x-rays, estrogens) are capable of 
inducing leukemia in mice. The effectiveness of each ™ 4,1(1 
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genetic constitution of the stock involved (Table IX). Although the actual 
mechanism of induction might be the same for each agent, specific genes prob- 
ably determine whether the strain will respond to the particular stimulus. It 
would appear that leukemia may represent one type of neoplastic response to 
any one of several inciting agents. 

X-rays represent the only agent which might be considered to be almost 
universally lcukemogenic for mice. However, the degree of responsiveness to 
this agent varies from strain to strain. Estrogens are probably second in general 
effectiveness, and the carcinogenic hydrocarbons third, although when leukemo- 
genic the last-mentioned represent the most potent leukemogen. Susceptibility 
to spontaneous and carcinogen-induced leukemia can be correlated (Table IX). 
However, some strains with a very low incidence of spontaneous leukemia de- 
veloped a high incidence following treatment with carcinogenic chemicals. 8 ' 33 
Benzol has been reported to induce leukemia in mice, but the experiments were 
not conducted under controlled conditions using inbred stocks. 26 ' 23 When dba 
mice were skin painted with benzene alone the incidence of leukemia did not 
differ from that found in controls. 32 


Table IX. Principle op Multiple Leukemogenic Factors in Mice . 


STRAIN OF ! 

MICE 

PRECIPITATING AGENT 

CARCINOGENIC 

HYDROCARBON 

X-RAVS 

ESTROGENS 

UNKNOWN FACTORS 
OF SPONTANEOUS 
LEUKEMIA 

dba-212 

++++ 

+ + 

Poor tolerance 

4. 

CBA 

_ 

X X X X 


+ 

Balb 

- 

+ + + t 

-f -T-f 


C3H 

_ 




A 

- 

+ 

+ 


KH 

Not tested 

T *f* 

Poor tolerance 


C57 

- 

+ *f 



F 

+ + + 

Poor tolerance 
- ? 

Poor tolerance 

+ + + + 

±, 3 to 

10 leukemia. 





+, 10 to 15 Co leukemia. 

+ +, 15 to 35 leukemia. 

+ + +. 35 to 50 Co leukemia. 

+ + + 4> More than 50 Co leukemia. 


All three proved leukemogens also induce cancer in mice. The carcinogenic 
hydrocarbons, of course, induce neoplasms of many types (skin cancer, sarcomas 
lung tumors). X-ravs induced ovarian tumors readily 10 and among irradiated 
mice there was an increase in the incidence of miscellaneous tumors. 10 ’ 32 The 
estrogens have been demonstrated to induce cancer of the uterine cervix 1 and 
testicular tumors of mice. 18 None of the other steroid hormones has been proved 
to be cai’einogenic. 1 


The fact that carcinogens are also leukemogens lends support to the idea 
ttmt leukemia is a neoplastic disease. Transplantation studies indicate that 
mouse leukemia behaves in general as do the other neoplasms of this species. 13 - 23 
In these experiments treatment with leukemia-inciting agents was be-un 
v u>n mice were 10 weeks of age. Susceptibility to at least two of these agents 
(camnogcmc WrocMhm, and n-r.„- 8 ) w g ,,a te « adnnA J- 0 n ,via 
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begun earlier in life . 10 * 31 It is likely that the incidence of induced disease 
would be higher in most stocks if experiments were begun with younger mice. 
It is also possible that if younger animals were used certain stocks would prove 
not to be completely refractory to any agent. Under the conditions of these ex- 
periments, however, it is possible to make the comparison of leukemogenic effec- 
tiveness set forth in Table IX. 
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EVALUATION OF BONE MARROW CONCENTRATION TECHNIQUES 


A Modified Mktuod fob the Simultaneous Preparation and 
Staining or Blood a no Bonk Marrow Films 


Louis R. Limauzi, M.l).° 

CHICAGO, III. 

C ORRELATION studies of the peripheral blood and bone marrow in diseases 
of the hemopoietic organs is a firmly established and universally recognized 
procedure. Sternal marrow aspiration allows the investigator to study the 
blood cells in their formative stage. This knowledge has given him a new 
perspective into the diagnosis and management of blood dyscrasias. Sternal 
aspiration is not the sole method or answer to hematologic diagnosis but it is 
important in the proper evaluation of abnormal blood findings. In many cases 
it is the key to the diagnosis. The study of an abnormal blood picture is not 
complete without an analysis of the sternal marrow. 

The tw-o methods of sternal marrow biopsy in general use are the trephine 
and aspiration. Of these two methods sternal aspiration has many advantages; 
thus, it is the method of choice of most investigators. The one objection to this 
method is that along with aspiration of hone marrow cells one must of necessity 
withdraw peripheral blood (sinusoidal) at the same time. This may dilute the 
bone marrow so greatly that when one uses fixed films he may see only n few 
bone marrow cells on tbe film. This one objection has been overcome by the 
use of the concentration technique. 


review of the methods used for concentrating rone marrow cedes 


Several investigators have described methods for concentrating bone mar- 
row eells. Reich 10 in 3 935, by means of a specially constructed needle which 
must be driven into the sternum, aspirated 10 e.c. of bloody fluid. This material 
w'as mixed with 2 e.c. of 1.4 per cent sodium oxalate solution and centrifuged, 
and films were made of tbe buffv layer. Recently, Reich 17 has modified bis 
original method by aspirating 4 e.c. of marrow' fluid and concentrating the 
buffy layer a second time in a small tube. In 1937 Vogel and associates, 21 in 
some of their bone marrow studies, aspirated 2 c.e. of marrow fluid and after 
using one drop of 30 per cent sodium oxalate as an anticoagulant, placed some 
of the marrow' material in a Wintrobc tube and centrifuged it for five to ten 
minutes. In this way a relatively accurate red cell, white cell, and platelet 
volume was determined. Occasionally a fat layer was seen at the top of the 
tube. The wdiite cell layer was carefully removed with a Wright capillary 
pipette and mixed to insure uniformity, and films were made. The disad- 
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vantages of the methods used by Reich and Vogel and associates are, first, that 
the large amount of marrow blood aspirated docs not lend itself to accurate 
-quantitative study in the hematocrit tube and, second, that the distortion of 
cell morphology, especially that of the nucleus, due to oxalates may be mis- 
leading. This may account for the number of unclassified cells recorded by 
some workers. Schleicher and Sharp 15 in 1937 described a method of preparing 
and staining bone marrow in which heparin was used as an anticoagulant. 
Approximately 0.5 c.c. of marrow fluid was aspirated through a specially de- 
vised sternal needle (Ivlima and Rosegger type 3 ) and placed into a small 
paraffin-lined test tube containing a sufficient amount of heparin to prevent 
coagulation. The heparinized marrow fluid was pipetted into a Wintrobe 
hematocrit tube and centrifuged at high speed for five minutes. The white 
myeloid layer in the hematocrit tube, plus an equal column of red cells (periph- 
eral blood), was mixed with a volume of plasma equal to both of the cellular 
layers. The mixture of bone marrow cells, red blood cells, and plasma was 
mixed in a paraffin-lined watch glass, and margin-free films were made with 
a cover slip. The films were stained with May-Griinwald-Giemsa combination. 
The disadvantages of this method are. first, that the small amount of marrow 
fluid aspirated (0.5 c.e.) does not lend itself to accurate quantitative studies 
in the Wintrobe hematocrit tube and, second, that the dilution of hone marrow 
cells by the addition of the column of red blood cells (peripheral blood) defeats 
the purpose of concentrating marrow blood. In the method of Schleicher and 
Sharp the dilution factor is directly related to the quantity of the white myeloid 
layer; that is, the higher the column of bone marrow cells the greater the dilu- 
tion with peripheral blood (column of red cells). A. S. Gordon 1 in 1939 used 
post-mortem bone marrow material for the quantitative estimation of the cellular 
elements of the bone marrow and for differential studies. H. Gordon 5 in 1941 
described a method for preparing films and sections of the marrow fluid in 
which dry oxalate was used to prevent clotting of the marrow fluid. Accurate 
cytologic identification is difficult in post-mortem material, and the changes 
become more pronounced the longer after death one waits to study the bone 
marrow cells. The effect of oxalates on cytology of hone marrow cells has been 
discussed elsewhere. 10 


author’s method of obtaining and concentrating bone marrow cells 

The method of sternal aspiration and preparation of marrow specimens with a de- 
tailed description of the apparatus (Fig. I) and procedure was first report e 1 bv the authori" 
in 19S5I. To state it briefly: Under aseptic technique and procaine anesthesia the sternum 
(midline) is punctured in the second or third interspace, preferablv the former site with 
a specially devised 16 gauge needle.* This needle is one devised br Klima and Bo^™ P r 
modified by Poacher and the author in 1037 for a Luer syringe attachment: thus an adnnter 
as required for the original needle, is not necessary. The needle is forced into the' bone 
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syringe, exactly 1 c.c. of marrow fluid is aspirated and immediately placed m a paraffin- 
lined tube containing a minute amount of heparin.* The tube is gently inverted several 
times to insure the anticoagulant effect of the heparin. Usually, if a successful sample of 
bone marrow has been obtained, a more or less dense suspension of small tissue particles 
will be visible. 10 The 1 c.c. of heparinized material consisting of peripheral blood (sinu- 
soidal). hemopoietic marrow, and fat is pipetted into a Wintrobe hematocrit tube and 
centrifuged for approximately five minutes at about 2,000 r.p.m. Centrifugation separates 
the following layers reading from top down in the tube (Fig. 3, A) : (1) fat, jellow and 


Yellow fat 
j Red fat 


& 


7 Plasma 

( 


’ \Myeloid-Ery throid 

J (M - E) 


^Mature 
' Erythrocytes 


I A. 



Bone marrow film 

B. 



Fig. 3. — A, Hematocrit tube illustrating the composition of the several layers (volumetric) 
o£ the bone marrow material after centrifugation. B, Diagrammatic representation of the con- 
ventional bone marrow spread. The margin-free bone marrow film spread is made with an IS 
by 22 mm. rectangular cover glass (same thickness as the counting chamber cover glass). C, 
Diagrammatic representation of a peripheral blood and bone marrow preparation with wax 
marking pencil lines on the inner edge of the film. 


red, (2) plasma, (3) myeloid-erythroid cells; this layer also contains the megakaryocytes, 
and (4) erythrocytes from bone marrow sinuses. The heights of the several layers are 
recorded. t The fat and most of the plasma are removed separately and discarded. The 
myeloid-erythroid layer, together with a small amount of plasma, is pipetted off separately, 
transferred to a paraffin-lined watch glass, mixed, and from this material, films and cell 
counts are made. This method has been followed by the author and his associates in more 
than 3,3S5 practically simultaneous studies of the bone marrow and peripheral blood. 11 - 1 -* 


’Powdered Heparin. Lot X'o. 153. Hyson. IVestcott. and Dunning. Baltimore Md This 
tapes?* heparin is inexpensive and 1.0 Cm. v. ill suffice for approximately 330 to 400 sternal pune- 

follows™ Faw^^ Uan i ltat if%value S for adults as represented in the hematocrit tube are 

number'o? 1 caVes 
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Iu tlio original method si small drop of mariow fluid is tiunsfciiod to n neiv mul {u-rfeetlv 
clean microslide and with an IS by 'Z‘l mm. rectangular cover glass a margin-free film is 
made (Fig. 3, 7>). The film is stained with Wright ’s slain or Afay-Griinnald-Gienisi dyes, 
except that a double concentration of Gicmsa stain as iccommeudcd by Ferrata 3 and 
Downeys is used. A control film that has been made from a drop of nonhepariniml mar- 
row fluid is also prepared in the same way. 



Fig. i- — The technique o£ making Wood and bone marrow dims on one microslide. A to D 
sliow the technique of making the Wood film. The same technique is followed for making the 
bone marrow film except that the opposite edge of the microslide is used. 

Preparation, of Marrow-Blood Films by Double Slide Technique . — In order to utilize 
a microslide for films of both blood and bono marrow, the following technique is used: 
Place a small drop of concentrated mariow fluid on the near loner edge of a scrupulously 
clean standard 3 by 1 inches microslide approximately one-quarter of an inch from one end 
of the slide. With a second slide, one end of uhieh is used as a spreader and held at an 
angle of 30 to 45 degrees (Fig. 4), touch the second slide to the first slide so that the diop 
of blood is within the angle thus formed. Draw the second slide toward the diop of blood 
until the end of the slide just touches the drop and tlie blood spieads along the acute angle 
by capillarity. A moment is allowed for this to occur, after which both slides are opposed 
and the blood “sandwiched” and spread between them. The slides are then immediately 
and quickly drawn apart. The first slide which contains the usable film of the bone marrow 
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is finally dried by air in motion.* On the opposite end of the same slide place a drop of 
blood from the finger or ear and repeat the procedure as described for making the bone 
marrow film. This bone marrow-blood microslide preparation is now ready for staining. 
Before staining, a thick line by means of a marking pencil is drawn along the inner edge 
of both the bone marrow and blood films (Fig. 3, C).f The marking pencil line serves to 
prevent the stain from overflowing and prematurely staining the blood film on the opposite 
end of the slide. Note that the bone marrow and blood films are spread along the width 
of the microslide rather than the conventional length of the slide. A good bone marrow 
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and peripheral blood preparation should he smooth, linniogi'iivou--, ami hare even edgi"-. Too 
i ms of t!ic hone marrow ami peiipheral hlooil should occupy approximately the opposite 
one-third of the end of the slide, as seen in Fig. ii, C. The area between the inner edges 
01 the hone marrow and blood films, after the pieparatinn 1 ms boon stained and the marking 
pencil marks Imvo been wiped away, is suflieienl space for ordinary labeling. 

. f t <' inhl 0 of Bone Marrow and Peripheral Mood P re miration. —Vox general routine work, 
ng it s stain is most satisfactory/ The preparation is placed on a staining rack anil the 
bone marrow fdm i s .stained first. The “square 1 ' with the bone marrow film is covered 
with V right s stum and allowed to act for three minutes, this procedure serving to fix the 
s lour. le stain is then diluted with distilled wnter,l ns much ns the lower end of the 
si e con amnig t ic marrow film will hold, mixing very thoroughly; the marking pencil lino 
,n , nCI " C . ( ( * lc P r <uon!s the stain fiom overflowing to the opposite side of 

t o Slide and Staining the blood film prematurely. Allow (bis to stand approximately fifteen 
minutes; without washing immediately begin staining that portion of the slide with the 

S , i b ° 0( !.,f ‘" m t,le us,1!l1 " a - v », flight's stain one and one-half minutes 
, *' ( ‘Stdlcd w-ater for three minutes, mixing thoroughly. At this point the entire 
may become diluted following the overflow from both ends of the slide. The entire 
S ‘ P0 ™' 8 I0 . U < ! ” 0t CXCCC<I ‘" cn, - v I'inallv, linve tho entire slide with 

rnfrl w % UUtl t ,C r tCr nms rc,urnin B elcai while tilting the slide. Wipe off the 
^ penC1 1,1111 s an '^ r * nsc "ith distilled watei for a second time, place in n vertical 

P Z-°V U amI a "°"' t0 air ' d, - v - If «'* procedure is followed there will he 

obtained well-tin oil bone marrow and peripberal blool preparations with no film or pro 
eipitated stam risible (Fig. o). 

Preparations made according to concentration technique give bone marrow patterns 
u CCr am J' os P ccts 1 ° tl>osc seen in bone marrow section'; thus, they arc called 
_P rc P arft tians. With the oil immersion objective, n differential count may he 
dh-v7„ n '/u-f simplified by the use of an ocular which contains a Whipple gridm to 
hlnmt >C m ° ■T U, ' ntS ' ^ moving the stage one can readily examine the peripheral 
hood, thus, the peripheral blood and bone marrow films are available for examination on 
tiie same imeroshde. 


COMMENTS 


The a lit hoi s metiiod of concent rating and preparing bone marrow has a 
number of advantages: (1) Myeloid-erythroid (M-B) hypoplasia and hyper- 
plasia is relatively accurately measured; thus, quantitative changes (myeloid- 
erytliroid volume in the hematocrit tube) as well as qualitative studies (differ^ 
ential counts of the bone marrow film) may be correlated. (2) The separation 
of the erythrocytes in the hematocrit tube, most of which are derived from the 
sinuses of the bone marrow, eliminates the admixture of peripheral blood that 
is responsible for the dilution of the bone marrow elements. ,(3) Fat which 
interferes with the proper staining of the bone marrow cells is removed by the 
centrif ugation of the marrow fluid. It also gives a relatively accurate estima- 
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overnight. The stain is stored 
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tion of the amount of fat in the bone marrow specimen and is of value in the 
study of certain diseases. (4) Tiie method lends itself to the preparation of 
a lara;e collection of uniformly prepared and stained films for teaching classes 
in clinical pathology and hematology. The preparation of the blood film on the 
same microslide containing the marrow film is a practical method for the 
simultaneous study of hematologic material. It is an ideal method of filing both 
blood and bone marrow films for future reference. 

One of the routine methods followed at the United States Naval Medical 
School 15 for preparing the aspirated marrow blood is to concentrate hone mar- 
row using an ammonium-potassium oxalate mixture® as an anticoagulant. Al- 
though this oxalate mixture causes little if any distortion of cell morphology, 
a control marrow film should be prepared from a drop of the marrow flitid be- 
fore it is added to the anticoagulant. 

A number of investigators, including Jones, 8 Hebbel, 6 Holly, 7 Stasney and 
Pizzolato, 20 and Schleicher, 19 have used the author’s concentration technique 
for the quantitative and qualitative studies of the bone marrow in normal and 
pathologic conditions. 

The histologic study of the hone marrow can he provided by the use of 
marrow particles either prior to or following heparinization and concentration 
of the marrow fluid. These are placed in Zenker-Formalin solution and the 
sections after fixation are prepared in the usual way with paraffin and stained 
with liematoxylin-eosin or Giemsa. Recently, Berman and Axelrod 1 have de- 
scribed a method of utilizing bone marrow aspiration material for volumetric 
readings, smears, imprints, and histopathologic sections. The sections are util- 
ized in studying the topographic relationship of the bone marrow. Frequently 
these hemopoietic particles are too small to he of value. This is especially true 
in hypoplastic bone marrows. Then again detailed and accurate cell morphology 
and identification is not well preserved in sectioned material. Marrow blood 
that has been allowed to clot and treated as described for making histologic 
preparations is of little value for the study of bone marrow. Also, anyone 
whose experience with sternal aspiration has been at all intensive has observed 
cases in which it has been impossible to obtain hone marrow material for studv. 
the so-called dry tap. This is observed in cases of myelosclerosis and myelofi- 
brosis. Under such circumstances it is more appropriate to use a small trephine 
and remove a small plug of bone marrow. The bone marrow plug can also be 
used for making smears and imprint (abklatseh) preparations of the bone 
marrow. 


Clinical hematology may derive a great deal of benefit from the study of 
the peripheral blood and bone maTrow. However, it cannot he too strongly 
emphasized that data obtained by a study of all hematologic aspects of a ease 
should never he sufficient to make a diagnosis. The clinical picture obtained 
by a complete history and thorough physical examination still remains the most 
import ant factor in all hematologic procedures and investigations. 


i .'.'"T 1 'V 'Cota ssium oxalate mixture 1= prepared a 1 ; follows- in r-„. 

SU'obluu'l.T?. Gm -, of potassium oxalate are dissolved in 100 c c of' distiller? w,*— ar 2,7 10ni 'U n 
tMs bilxture In & Fmtill tost tube find evaporatp to tlnmocc * tratcr. Place 0.1 

f unices to prevent the clottintr of about i "c-cfo^Jp^MSe maSw 
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LIMARZI 


CONCLUSIONS 

]. The advantages and disadvantages of hone marrow concentration tech- 
niques in general use for the preparation and studying of hone marrow are 
discussed. 

2. A method is described which utilizes a microslide for the uniform prep- 
aration and staining of both peripheral blood and hone marrow films. 

3. The advantages of the author’s’ concentration technique for the study 
of bone marrow are discussed. 
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QUANTITATIVE CYTOLOGIC STUDY OF MULTIPLE STERNAL 
MARROW SAMPLES TAKEN SIMULTANEOUSLY 

Philip Pizzolato, M.D., c New Orleans, La., and 
Joseph Stasney, M.D.,t Philadelphia, Pa. 

P REVIOUS qualitative and- quantitative studies of the cytologic constituents 
of the bone marrow taken from widely separated portions of the marrow 
lead to the conclusion that there probably is a relative identity in the cellular 
organization of the red marrow throughout the body. Our former study was 
based on preparations obtained from fourteen persons after their accidental 
death . 1 The samples were obtained from three different regions shortly after 
death, and imprint preparations were made. In experimental work marrow 
samples were obtained from different portions of the marrow soon after the 
animal had been sacrificed. 5 -® With this technique we found that cytologic 
appraisal of any region of marrow will reveal, within the limits of error, what 
is the trend of the marrow changes elsewhere in the body. 

Recently, several authors 7 ' 9 found differences in the cellular composition 
of the different portions of the marrow, claiming that the marrow is not a 
homogenous structure. Reich and Kolb 10 reported a quantitative study on a 
series of multiple sternal marrow samples, taken simultaneously, and concluded 
that quantitative determinations are inaccurate. 

To ascertain the basically important point whether one marrow sample 
would give a representative picture of the bone marrow function in the present 
study, we examined quantitatively and qualitatively two portions of the sternal 
marrow by obtaining samples from two different sites simultaneously. 


MATERIALS AND METHODS 

Thirty patients with a wide variety of pathologic conditions at the Charity Hospital 
of Louisiana were used in this study. The marrow was aspirated through an IS gauge 
spinal needle from two sites of the body of the sternum, about 2 or 3 cm. apart. Care was 
used to remove not more than 1 c.c. of liquid. The marrow upon removal was gently expressed 
through the needle into a bottle containing 2 mg. of ammonium potassium oxalate. From 
the material remaining in the needle, cover-slip preparations were made and rapidly dried bv 
waving through the air; these were stained with Wright-Giemsa stain after several hours 
of additional drying. 

From the oxalated marrow the total nucleated elements were counted employing white 
cell pipettes and diluting with 5 per cent acetic acid. The counts were done on the regular 
Lory counting chamber using 5 to 25 squares of the large central square, depending on 
the number of cells present. The following formula was used: 


Total nucleated elements ■ — 


Number of eclls counted x di luti o u 
Volume of chamber 


The unused marrow was placed in a Wintrobe tube and centrifugalized at 2 000 r.p m 
for l.vo minutes and the percentage of tbe marrow fractions was tabulated according to the 
mcthod_ol L.marzi.ii With this technique, 5 to S per cent were found as normal values f or 


I rom tlie Charity Hospital of Louisiana ; 
,hrom Jefferson Medical College. 


now at the Veterans Administration Hospital. 


Til 



742 


PlZZOhATO AND STASNKY 


p 

w 

3; 

ASPIRATION SITE 

w 

© 

3 

K 

« 

w 

P 

© 

** 

1 

DIAGNOSIS 

PE! 

El 

** 

P | 

tcr.xi 

CACTI 

MAR! 

*3 

p ; 

’aoe i 
ON’OI 

tow 

£ 

O 

§ 

K 1 

3r 

1 

H 

w 

if; 

W 

TOT A I, NUCLEATED ELE- 
MENTS PER THOUSAND 

P 

P 

U1 

H 

H 

O 

a 

*A 

ta 

6 

5 

O „ ! 

P 2 1 
w u l 

w 

p 

a 

$ 

w 

£ 

F-» 

W 

J 1 

e 

o ; 

S4 i 
P 1 

3 1 

« 

t i 
6 « 
o | 

w 1 
>• 

o 

p 

P 

e 

© 

© 

s 

if, J 

P 

8 

o 

p 

« 

£ ; 

w 

iO 

s 

£ i 

O ! 
P 

S 

P 

g 

2 u 

SB 

5g 

V. P 

o £ 

W 

K 

o& 

39 

M M 

z ? 

o s 
V. > 

c £ 
•4 I 

1 

1 

c 

M 

50 

Peptic 

4.5 

52.5 

10.0 

33.0 117.1 

0.2 

0.4 

0.8 

1.4 

5.0 

0.4 

10.0 - 

— 


o 




ulcer 

4.0 

55.0 

s.o 

33.0 

' 0S.2 

0.2 

0.4 

0.2 

0.G 

2.0 

9.-1 

17.0 - 

— 

o 

u 

1 

c 

M 

50 

Cnrcinoma 

3.0 

51.0 

3.0 

43.0 

20.3 

0.4 

1.2 

l.S 

2.0 

7.S 

9.4 

23.0 O.S 0.2 


o 




of stomach 

1.5 

53.5 

2.0 

43.0 

17.8 

0.2 

O.S 

1.4 

3.0 

10.0 

12.4 

23.S 0.2 

0.4 

o 

o 

1 

c 

F 

53 

Pernicious 


0S.1 

0.0 

no o 

— OiU 

2S.C 


0.8 

3.2 

10.0 

18.0 

O.S 

13.3 0.2 

0.4 


o 




anemia 

-- 

G9.5 

4.5 

20.0 

22.0 

0.0 

2.0 

4.4 

15.2 

10.4 

0.0 

7.G 0.4 

0.0 

4 

1 

c 

F 

71 

Pernicious 

2.0 

73.3 

7.7 

17.0 55,0 

o.s 

0.2 

l.S 

3.0 

S.O 

0.0 

23.0 0.2 

0.2 


o 




anemia 

1.4 

75.8 

5.7 

17.1 

40.8 

0.8 

0.G 

1.2 

1.0 

7.S 

7.2 

20.0 „ 

— 

5 

1 

c 

F 

71 

Pernicious 

1.1 

00.7 

13.5 

15.7 

' S5.5 

0.4 

0.2 

0.0 

1.2 

2.0 

3.2 

7.'- 

! .. 

— 


2 




anemia*' 

0.7 

75.3 

4.5 

19.5 

49.5 

1.0 

0.G 

1.0 

4.0 

5.2 

5.0 

12.S - 

— 

<i 

1 

w 

M 

55 

Pernicious 


54.0 

S.O 

3S.0 

71.3 

0.2 

0.2 

1.4 

l.S 

9.0 

15.0 

00( 

3 0.4 

1.2 


o 




anemia t 

-- 

50.0 

0,0 

3 S.O 

40.1 

0.0 

0.0 

0.4 

4.2 

4.0 

12.S 

2S.2 - 

0.2 

7 

1 

w 

M 

34 

Pernicious 

2.5 

43. S 

12.3 

41.4 

113.5 


1.0 

2.0 

3.S 

11.4 

15.0 

13.0 1.4 

O 0 


2 




anemia} 

2.0 

50.0 

5.0 

43.0 47.4 

0.4 

0.4 

1.4 

5.0 

s.s 

13.4 

1S.0 1.2 

1.0 

8 

i 

w 

M 

50 

Macrocytic 

1.5 

04.5 

3.0 

31.0 

25.1 


0.2 

0.4 

l.S 

5.8 

10.2 

28.4 0.2 

0.0 


2 




anemia ; 

5.2 

59.1 

7.1 

2S.G 

7S.S 

0.4 

1.0 

1.0 

3.2 

7.8 

10.0 

21. S 

0.2 






received 




















folic acid 















9 

1 

W F 

25 

Bleeding 

3.0 

50.0 

7.4 

33.0 

72.3 


0.4 

2.2 

5.2 

S.S 

13.0 

1S.4 0.2 

0.2 


2 




peptic 

2.3 

5S.4 

7.0 

31.7 

84.3 

0~4 

0.2 

2.0 

2.4 

7.0 

1S.2 

22.0 0.2 

0.4 






ulcer 















10 

i 

c 

M 

18 

Sickle cell 


50.8 

17.0 

20.2 

201.0 

0.4 

QO 

0.4 

1.0 

2.4 

5.2 

0.2 0.2 

— 


2 




anemia 

-- 

52.0 

23.0 

25.0 214.0 

0.4 

0.3 

O.S 

l.S 

5.0 

S.S 

11.2 __ 

0.4 


•After four days of liver treatment. 
fAfter two weeks of liver treatment, 
t After one month of liver treatment. 


bone marrow cells. 'W'c found the following distribution of the different fractions in the 
eentrifugalized marrow in fourteen apparently healthy medical students, ten men and four 
women: fat, 1 to 3 per cent; plasma, 40 to 54; marrow, 3 to 11; and hematocrit, 40 to 51. 
The total number of nucleated elements was 43,000 to 105,000 per cubic millimeter. In the 
differential counts, a minimum of 500 cells was counted from each marrow sample. The 
damaged cells were counted also when encountered associated with well-preserved cells. The 
percentage distribution of all cells observed and the myeloid -erv throid ratio of each sample 
were computed and tabulated. 

COMMENT 

The numerical data are tabulated in Tables I to III. 

In Table I, data for anemias and conditions leading to anemia are tabulated. 
Cases 1, 5> and 10 exhibit marked proliferation of ery throid cells with inversion 
of the myeloid-erytbroid ratio. The values of these ratios in the two samples 
obtained from two sites of the sternum reveal differences but express a similar 
trend of changes. 
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Illustrated in Table II are eases of leukemic conditions with strikingly 
similar proliferation of the pathologic cells in the two samples. The case°oJ 
idiopathic purpura in both samples shows relatively normal values. 

In Table III are included, among others, cases with tendencies to forn 
localized, nodular changes in the red marrow, like multiple myeloma and Boedr’j 
sarcoidosis. The values for the myelold-erythroid ratio, not including the path 
ologieally proliferating cells, again reveal parallel changes in the two samples 
All the eases included were of different sex, age, and race with wide varied 
ot pathologic conditions. Because of these great differences between the ex 
ammed cases no statistical analysis was attempted. A comparison between th< 
ccuuUmty of the two samples from the same sternum disclosed variations whiel 
lenectcd m the quantity of the different fraction of the marrow as well as ii 

differed £]£ . ° f nuekated elements :md in the percentage distribution o 


of 


A' 1 .' . <,lffo '' cn " s >" ,hc quantitative data may be caused bv the techniou 
abtamma the samples. Dam«h.k and assaciate^ pointed opt that the S 
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nique used for obtaining marrow samples was ilself a possible source for dif- 
ferences in quantitative values of different cells. They compared the results 
of marrow samples obtained through biopsies and by punctures. In the latter, 
the more immature cells and the fixed cells were less numerous than in samples 
obtained through biopsies. It is possible that the suction force applied at punc- 
ture draws back more readily the free cells than the more immature cells, which 
according to Isaac’s conception 13 are probably surrounded by firmer gelatinous 
substance than the mature cells. These marrow cells were enmeshed by a fine 
network of the fixed reticulum cells. 

Another possible cause for the numerical differences is the unavoidable 
admixture with red blood cells. The larger the amount withdrawn, the more 
likely it is that the walls of sinusoids will rupture with resultant admixture 
with blood. Occasionally, even after withdrawing a small amount of fluid (0.2 
c.c.), one may obtain pure blood with apparently no marrow cells present. It 
is possible that one aspirates the content of a sinusoid. 
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Iu previous experimental work where the marrow samples from different 
bones were examined shortly after sacrificing the animals and no admixture of 
blood was possible, we found strikingly coordinated changes in different portions 
of the marrow examined- Human marrow samples taken from different 
portions of the marrow shortly after death, without the possible admixture r 
Wood, exhibited also a markedly similar cellular pattern. 1 In the ' Ure . of 
of the total number of nucleated marrow cells, the clumpiim of th ei ™ meratlon 
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iter, 8 and Jeanneret 0 claimed differences in the cellular composition in diffcr- 
t portions of the marrow. 

The long bones of man and mammals usually contain yellow fatty marrow 
which there are scattered center's or islands of hematopoietic cells. How- 
jr, comparative studies of the hone marrow of flat hones and different por- 
ns of the long bones revealed the same trend in the relative percentage dis- 
bution of the hematopoietic cells in dogs and monkeys. 2 * 3 

Our Cases 8, 14, and 19 illustrate clearly that probably there are irregular 
a of fatty tissue in the red marrow also, with marked difference in fat content 
simultaneously obtained sternal marrow samples. In spite of the numerous 
ferences between the cells in the two simultaneously obtained marrow samples, 

; trend of the cellular differentiation is the same. This fact is illustrated in 
bles I to III by the myeloid-erythroid ratios. ' If at one portion of the marrow 
; erythroid cells are proliferating, then another portion of the marrow will 
*eal similar erythroid stimulation. In stem cell leukemias, and in lymphatic 
ikemias there again was a remarkably similar increase of the abnormal cells 
countered in the different samples. Even in the primary or secondary neo- 
,stie processes of the marrow, with the formation of more or less eircum- 
ibed nodular areas, the uninvolved portions of the marrow reveal similar 
lular population, 
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Hyperplastic myeloid or ervthroid processes, abnormal cell proliferation 
of acute or chronic leukemic cells will produce uniformly generalized changes 
in the marrow. Bone marrow punctures with negative results warrant further 
confirmation and exclusion of technical error. 


SUMMARY 


In a series of different pathologic conditions, two samples of human sternal 
marrow were aspirated simultaneously. A comparative analysis of the two 
samples included the percentage distribution of the different fractions of as- 
pirated marrow, the total number of nucleated cells, percentage distribution 
of the different cells, and the myeloid-erythroid ratio which were computed 
and tabulated. There were numerous differences between the two samples, but 
the trend of cellular differentiation was similar as exhibited by the myeloid- 
erythroid ratios. The morphologic or pathologic appraisal of any one region 
of the marrow null usually .reveal trends in other portions of marrow through- 
out the body. c 
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THE RETICULO-ENDOTHELIAL ORIGIN OP THE BONE MARROW 
PLASMA CELLS IN HYPERSENSITIVE STATES 

Fred Iyolouch, Robert A. Good, and Berry Campbell, 
Minneapolis, MiXN. 


INTRODUCTION 

S INCE its description by Cajal in 1890, the plasma cell lias been observed by 
pathologists in the hematopoietic tissue and in the specific lesions of ing 
clinical conditions. Huebsehmann (1913) studied the spleens of patients dying 
of various infectious diseases and observed a splenic plasmacytosis resulting from 
pneumocoeeie, staphylococcic, diphtheric, and typhus infections. He found little 
or no increase in splenic plasma ceils in cases of fatal miliary tuberculosis, an- 
thrax, or in a luetic stillborn— all overwhelming infections. He associated the 
plasma cell with the production of antibodies. 

Perlzweig, Dclrue, and Geschickter (192S) and others since then have asso- 
ciated multiple myeloma, which is apparently a malignancy of the hone marrow 
resulting in the accumulation of plasma cells, with hyperglobulinemia. Since 
that time a number of investigations have related the plasma cell to hyperglob- 
ulinemia in clinical disease : Osgood and Hunter (1934) in plasma cell leukemia, 
Markoff (1937) in serum sickness, and Bing and Plum in agranulocytosis (1937). 
Bing, in various acute and chronic infections, myelomatoses, and other diseases 
(1940), concluded that the plasma cell of reticulo-endothelial origin was the 
source of the blood globulin. Fleiseliliacker (1940 and 1941) made many ob- 
servations on patients with hyperglobulinemia and found that the bone marrow 
revealed simultaneous plasmoeytosis. His conclusions were similar to those of 
Bing. Gormsen and Heintzelmann (1941) reported studies of blood globulin 
and sternal marrow in patients with serum sickness; they found a distinct 
parallelism between increased marrow plasma cells and hyperglobulinemia and 
stated that their observations support Bing’s theories. Taussig and Somogyi 
(1940) reported hyperglobulinemia in six cases of granuloma inguinale and 
stated that it is common in lymphogranuloma inguinale. The presence of 
plasma cells in the lesions of these two diseases is well known. Kagan (1943) 
has furnished additional clinical evidence of the relation of globulin level and 
plasmacytosis. 

The relationship of plasmacytosis to globulin and antibody production is 
substantiated by the experimental literature. Downey’s (1911) description of 
a plasmacytosis in the bone marrow of a rabbit with an incidental nonspecific 
subcutaneous abscess initiates the series. Doan. Sabin, and Forkner (1930) 
and Miller (1931) produced omental plasmacytosis by repeated intraperitoneal 
administration of tuberculo proteins. Rich (1935 and 1936) produced acute 
splenic tumor in rabbits by horse serum. The characteristic feature was the 
“acute splenic tumor cell.” In similar preparations made in this laboratory 
we ha ve identified these cells as developing plasma cells. Ivoloueh (1938) 
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studied the plasma cell and found it in the bone marrow of ten species of labo- 
ratory animals and also showed that the plasma cell content of the rabbit hone 
marrow could be experimentally increased by sensitization and shock with 
Streptococcus viridans. lie demonstrated the development of the bone marrow 
plasma cell from the reticular plasma cell in a period of five days and postu- 
lated a relation between this transformation and the development of anti- 
bodies. Bjbrneboe and Gormscn (1041) described the experimental production 
of a hyperglolralinemia in rabbits by intensive immunization with different 
types of formalin-killed pneumococci. They found a concomitant increase in 
plasma cells in various tissues. They postulated that the increase in the glob- 
ulin fraction of the blood was due to the increase in antibodies and that this 
in turn was related to plasmacytosis. 

The purpose of the following experiments is to elucidate the relationship 
of the bone marrow plasma cells to the reticulo-cndothclial cell and to the 
phenomena of sensitivity and shock. Both bacterial and simple protein antigens 
have been used. Illustrative material from a ease of serum sickness is included. 

MATERIALS AND METHODS 

Babbits were used in all experiments. Series 1* consists of six rabbits which were 
injected repeatedly over a period of several months with varying doses of Str. viridans. 
Series 2 contains three rabbits injected subcutaneously with a single dose of 10 c.c. of a 
culture of Str. viridans suspended in agar. After a period of Jive weeks they were shocked 
with broth culture of the same organism and serinl rib biopsies were made at intervals up 
to five days. Series 3 consists of sixteen animals which wore sensitized to egg white by 
its injection on alternate days in the following dosages: 1 c.c., intravenously; 0.5 c.c., 
intravenously; and 1 c.c., intramuscularly. Four animals wore killed following the sensitiza- 
tion and four immediately after shock, which was induced twenty to thirty days later by 
injection of 0.4 c.c. egg white intravenously; four wero killed on' the fourth day following 
shock by injection 0.4 c.c. egg white; while the bone marrow of the remaining four was 
sampled before sensitization, after sensitization, following anaphylactic shock, and periodi- 
cally thereafter for four days. 

The bone marrow was imprinted and stained with Wright-Gicmsn, 


EXPERIMENTAL RESULTS 

The six rabbits of series 1 which were treated over a period of months with 
multiple injections of Str. viridans all showed marked increase in the bone 
marrow plasma cells, and in some animals there was noted an increase in the 
reticular plasma cells. These changes were critically followed in the three 
animals of the second series. Rib hone marrow biopsies were made before sensi- 
tization and the elements compared with similar material from the same sub- 
jects after sensitization and following shock. The control bone marrows show 
few reticular plasma cells. These are found to be increased in the biopsies taken 
after sensitization. They appear as large cells with basophilic, rather muddy 
cytoplasm with eccentric nuclei characterized by a nuclear pattern similar to 
that seen in reticular cells (Pig. 2, a). 

In these preparations the chromatin appears as a fine purplish-violet dust 
sprinkled on a background of pinkish-yellow karyoplasm (parachromatin). The 
chromatin granules are uniform, finely divided, round purplish-violet particles. 


The material for this series was obtained from Dr. B. J. Clawson. 
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Representative plasma cells imprinted at biopsy from bone marrow of rabbit 


Plasma cell after ninety-six hours 
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Each one is surrounded by and sharply demarcated from the paraeiiromatin 
which it tends to mask. The chromatin pattern is more condensed and the 
nuclear membrane slightly thicker than in the unaltered reticulum cell. In the 
cytoplasm the basophilic spongioplnsm occurs as minute masses which are ar- 
ranged to form small coalescing bars. These elongated clumps are surrounded 
by and sharply separated from an abundant yellowish hyaloplasm. The ar- 
rangement of these two components of the cytoplasm gives it its characteristic 
canaliculated appearance. In the region of the nucleus there is frequently seen 
a lighter staining area (increase of hyaloplasm) which suggests a Hof. When 
occurring alone the cells appear irregularly elliptical, but most frequently they 
are seen in clumps of five to fifteen cells, the cytoplasmic* boundaries then being 
rather indistinct. 

The initial transitional stage occurs within two hoiim after shock (Fig. 2, b). 
The boundary of the cytoplasm becomes more clearly defined and rounding of 
the cells is initiated. In flic nucleus contraction occurs and a coai'scr chromatin 
pattern is to be observed. At four hours shrinkage of the cytoplasm is noted 
and the basophilia is more apparent than before. By this time dispersion of 
the cells which previously had been clumped has taken place, and the reticular 
plasma cells are mixed with the other hone marrow elements. Shortly after 
four hours the Hof becomes marked. This together with the more condensed 
nucleus and increased basophilia of the spongioplnsm leads to cells more easily 
recognizable as developing plasma cells. These cells become abundant at five 
hours. In the ensuing five hours, many of these transform to large plasma cells 
(Fig. 2, c). These are characterized by the eccentric nucleus, a heavier nuclear 
membrane, blocklike arrangement of the chromatin masses, and a distinct Hof 
in a still more basophilic cytoplasm. These large plasma cells measure about 
20 p. in diameter. Their further evolution consists of shrinkage in the next 
twelve to thirty-six hours to medium-sized plasma cells measuring about 32 
in diameter (Fig. 2, d and c). With this decrease in size, there is accentuation 
of the nuclear pyknosis, the cytoplasmic basophilia, the Hof, and the initial ap- 
pearance of the radkeni nuclear pattern. These cells are abundant two days 
following the shock. Continuation of these tendencies results in the small 
plasma cell (the true Marschalko type) abundant at four days (Fig. 2, /). Some 
of these cells become, after the fifth day, extremely pyknotic and apparently 
degenerate, their nuclear structure being obscured by their staining properties. 

At no time during this cycle does the reticular plasma cell exhibit phagocytic 
properties, though other cells of the reticulum are seen to have ingested bacteria 
and erythrocytes. 

To serve as control for the bacteremia and local infection of the first two 
series, as well as to test the general nature of the phenomenon, the sixteen rab- 
bits of series 3 were sensitized to egg white and studied before and after shock. 
The observations differ little from those obtained using Sir. viridans as anti- 
gen. In the four animals killed before shock, a massive increase of plasma- 
cellular reticulum cells may be seen (Fig. 3 , a). As before, the cells appear 
in clumps and show morphology identical to those previously described. In 
the four animals that died immediately upon shock, nc change from the pre- 
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shock picture is noted. Those which were killed four days after shock show 
marked plasmacytosis of the bone marrow (Fig. 3, b). Serial biopsies of the 
remaining four ‘at 2,4,8,14,24,48,72, and 96 hours, ns well as pre- and post- 
sensitization controls, confirm in all respects the transformation from the reticu- 
lar plasma cell to the plasma cell previously described (Fig, 1), 

That this same transformation from reticular plasma cell to plasma cell 
occurs in human beings is shown in Fig. 4, which is a blood smear taken from 
a boy suffering from serum sickness resulting from the administration of tetanus 
antitoxin. 





Fig. 3. — Bone marrow imprints from rabbit sensitized to egg white, a, Clumped reticular 
plasma cells before shock, b, Marshalko type plasma cells four days after shock. 







Fit:. 4. — Illustration ot intermediate stages between reticular cells and plasma cells as 
seen In blood smear of patient with serum sickness, a. Cell with reticular type nucleus, b Con- 
densarlon ot nucleus, c, Further condensation of nucleus and cytoplasm to close approximation 
of plasma cell. 

DISCUSSION 

These experiments show two phenomena of interest. There is an increase 
in a specific type of hone marrow reticulum cell following sensitization to an 
antigen. Second, anaphylactic shock initiates a morphologic cycle by which 
the reticular plasma cells evolve to plasma cells. We have noted the develop- 
ment o£ similarly striking plasmacytosis in the other reticiilo-endothclial organs 
following sensitization and shock with bacterial and other antigens. In view of 
the evidence m the literature and our own experiments, it is hi»hlv sim^estive 
tiiat the transformation of the plasmaeytic reticulum cell to the Maishafko tvnn 



754 


KOLOUCir, COO!), AND- CAMl’lIIXI; 


plasma cell is intimately associated with the production of antibody protein. It 
is consistent with recent findings (Dougherty and White, 1946, Dempsey and 
Wisloeki, 1946) to presume that the basophilia of the early plasniaeyte mavhe 
associated with heightened protein formation. Tn view of the needs of tlie or- 
ganism at this time, antibody production might well be carried on in such active 
cells. Certain it is that the loss of volume is a most striking cellular change in 
the procession of stages from basophilic reticulum to small plasma cell, let, 
the impression is gained that stainable material in these preparations ' s no{ 
reduced. A loss of the fluid components of t he cell is obvious. It would he hard 
to overlook, however, the possible relation of the antigen-antibody reaction to 
the permeability of the cell membrane in searching for a possible mechanism 
for these changes. If serum hyperglobulincinia is directly' related to plasma 
cell development, it is likely that some of the cell shrinkage may be due directly 
to loss of protein elements in the form of globulin. Morphology readies its 
limitations in this type of work and must he. supplemented by other methods. 
Before a thorough understanding of this matter is to he had, we must know 
whether, in tissue culture, the cell changes under question arc associated with 
the production of .antibodies. In addition, the role of the various eell organelles 
in the reaction to anaphylactic shock must he worked out on a cytochemical 
basis. 

Another aspect of the problem which must remain speculative until more 
detailed information is available is the nature of the stimulus furnished by 
anaphylactic shock, which brings about the sequence of cell transformations that 
produces Marschalko plasma cells from a much less differentiated type of cell. 
The spectacular operation of this eytomQrphosis not only serves to illustrate the 
exquisite relation between physiologic changes and the ontogeny of cellular 
elements, but it also promises to serve as an experimental preparation for the 
determination of the relation of nuclear changes to cytoplasmic activity. 

Markoff’s work on scrum sickness, as well as our case, serves to illustrate 
the clinical importance of the matter under discussion. It is apparently the 
exceptional case in which plasma cells are found in the peripheral blood, hut the 
concomitant appearance of circulating reticular plasma cells indicates that the 
process in the bone marrow is essentially' the same ns in the hone marrows of 
experimental animals. It should he noted that in the rabbits, circulating 
plasma cells were not regularly found, and wo may' believe that some second- 
ary factor in our clinical case brought the cells into the peripheral blood. 

SUMMARY 

1. An analysis of the literature provides ample evidence to link plas- 
macytosis to antibody production. 

2. With Sir. viridans and egg white as antigens, sensitization of rabbits 
was found to increase enormously the number of reticular plasma cells in the 
bone marrow. 

3. Shocking the animals with the antigen initiated a cy'cle of nuclear and 
cytoplasmic condensation, visible in two hours and extending to four day's, by' 
which the reticular plasma cells are transformed to Marshalko type plasma cells, 
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4. In a case of human senini sickness, both reticular plasma cells and 
various stages of the plasma cell appeared in the peripheral blood. 

5. It is suggested that this morphologic cycle is associated intimately "with 
the production of antibodies. 
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HEMATOPOIESIS IN THE BONE MARROW 7 OF BATS RECOVERING 
FROM NUTRITIONAL ANEMIA 

CnmsToniEK J. IIamhk, Pu.IX 
Mixxkapoms, Minx. 


IXTKOnUOTION 


T HE present paper is a report on the results of studies of the hematopoietic 
activities found in the bone marrow of rats made anemic by being fed a 
diet composed of milk only and then caused to recover from the anemia by 
being fed copper and iron as supplements to the milk diet. Studies of the 
recovery of rats made anemic by this method have seldom included observations 
on changes in the number of leucocytes but have chiefly been concerned with 
the regeneration of hemoglobin and erythrocytes and with the agents which 
induce regeneration of those blood elements. The level of hemoglobin and the 
number of erythrocytes of the circulating blood have been employed as indica- 
tor’s of the severity of the anemia produced by feeding the milk diet, and the 
rate and degree of regeneration of those hematologic elements have been used 
to measure the curative properties of substances added to the milk diet. 
Through the work of Hart, Stccnboek, and Elvehjcm and co-workers , 1 ' 0 Beard 
and Myers and associates, 10 ' ir Mitchell and Miller , 18 nature and Miller , 10 - :0 
Smith and Otis , 21 Stein and Lewis and eo-workers , 22 ' 22 and others, it has been 
established that copper and iron when fed simultaneously in adequate quantities 
as supplements to the milk diet will cause recovery from the anemia. 

Studies of the blood-forming organs of rats in nutritional anemia and of 
rats recovering from the anemia have been few in number. Von Haam and 
Beard 28 found the spleen of rats made anemic by being fed a diet of milk only 
to be small, pale, and soft. The spleens of the anemic animals possessed fewer 
and smaller follicles, a decreased perifollicular zone, and pulpar cells which 
showed signs of degeneration. Harare and Miller 10 also found the spleens of 
anemic rats to be small in size and to possess a decreased amount of white pulp 
tissue, the decrease in the extent of the tissue being due to a loss of the outer 
zone and part of the inner zone of the Malpighian corpuscles and of the outer 
portions of the periarterial white pulp. The red pulp was increased in area 
and included circulating mature red blood cells and normal reticular cells. 
There was no indication of cell multiplication in the spleens of the anemic 
animals. The latter authors also demonstrated that, during the recovery from 
the anemia following iron and copper therapy, the spleens of the animals 
became temporarily enlarged and mottled with grayish-wliite hematopoietic 
areas. When approximately normal values of tire blood were restored, the 
spleens of the recovering animals decreased to normal size. The white pulp 
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tissues were regenerated and restored to normal histologic appearance during 
the period of enlargement, and the normal appearance of the white pulp was 
retained when the spleens returned to normal size. Active erythropoietic tissue 
occupied the red pulp areas of the enlarged spleens, and in the early periods 
of recovery those areas included large numbers of hemocytoblasts while in the 
later periods of recovery the areas were composed largely of polychromatophilie 
normoblasts. The erythropoietic areas decreased in extent and disappeared 
in the later periods of recovery. In a later study Harare and Miller 20 demon- 
strated that removal of the spleens of anemic animals did not prevent the 
recovery of hemoglobin and erythrocytes under copper and iron therapy. How- 
ever, there were indications that the rate of recovery of the erythrocytes was 
slower for the spleneetomized than for the nonsplenectomized animals. 

The paper by Fitz-Hugh and associates , 27 as far as the present writer has 
been able, to determine, is the only paper in the literature on the nutritional 
anemia of the rat which presents observations on some of the characteristics 
of the bone marrow of anemic animals and of animals recovering from the 
apemia. These authors made observations on the quantity of fatty and cellular 
tissue of the marrow and pointed out that the cellularity of the marrow of 
normal animals was greater than that of anemic animals. They also noted that 
the addition of curative agents to the milk diet caused an increase in the 
cellularity of the marrow of all of their treated animals. For animals fed 
iron alone as supplement to the milk diet, the hyperplasia of the marrow tissue 
persisted throughout a seventy-day period of therapy. The marrow of anemic 
animals fed iron and copper, or iron and sodium glutamate, became highly 
hyperplastic in the early stages of recovery but in the later stages became less 
cellular than the marrow of normal animals. Though the paper 27 did indicate 
that gross microscopic changes of the bone marrow of anemic animals did 
follow therapy, it did not describe the cytology of the marrow tissues or point 
out the nature of the hematopoietic response to therapy. 


Because of the marked hematopoietic response of the spleen and the rapid 
restoration of normal blood values which followed the feeding of therapeutic 
agents, the present writer assumed that the bone marrow of anemic animals 
similarly would exhibit a sharp hematopoietic response to therapy. Prelimi- 
nary studies of the hone marrow of animals killed at daily intervals during 
recovery from anemia were carried out, and, though an increase in the cellu- 


larity of the marrow was found, the cytologic characters noted indicated that 
only hematopoiesis of the homoplastic type occurred. However, the observa- 
tions of Hamre and Miller 20 that marked increases of normoblasts and leucocytes 
of the circulating blood occurred on the second and the fifth or sixth dav of 
therapy suggested that a marked change of hematopoiesis of the hone marrow 
might occur during the first day of feeding of the iron and copper supplements 
Study of the bone marrow of rats killed at hourlv intervals durum the first 
two days of supplement feeding did show a marked hematopoietic response to 
the therapy. The present paper describes the hematologic changes found to 
occur m thc bone marrow and the blood of anemic animals durum the first 
forty-eight hours of the recovery period. ° 



758 


II AM RR 


MATERIALS ANT) METHODS 

Sixtj animals, divided into throo groups of twenty each were observed in these studies, 
t hough the three groups of animals were placed on experiment at different times, to establish 
identical conditions for study, nil animals were managed in the same manner. All animals 
were made anemic by the method outlined by Klvebjem and Keminerer,^ that is, at the 
age of -1 days they were weaned and placed on a diet, of cow's milk. The milk was ob- 
tained at the University l*arm and was collected directly into glass bottles and fed to the 
animals in glass dishes. The animals were kept in individual galvanized iron wire cages. 
When the hemoglobin value bad decreased to .1.5 Gm. or less, per 300 c.e. blood, the 
animals were given iron and copper as supplements to the milk. Eighteen of the animals 
ot the first group wore fed the iron and copper supplements after 1*8 to 02 days on the 
mi - diet nhile the remaining two animals of the group were kept on the milk diet for 
cars. The animals of the second and third groups, though they possessed satisfactorily 
on icmoglobin rallies after 2S days on the milk diet, were continued on the deficient 
le or e to 54 days in the hope that the hemoglobin and crythrocvto values would he 

further reduced and a more severe anemia established. Though the animals continued on 
the milk diet for the longer periods did become progressively weaker, only slight decrease of 
hemoglobin and erythrocyte values occurred for some but not all animals. Each animal fed 
the copper and iron supplements received a single dose of the curative agents unless they were 
eontinuec under observation for more than 21 hours when they were given a second dose 
of the supplements at the beginning of the second 24-hour period. A single dose of the 
° u ™ tlvc agcnts consisted of 0.5 mg. iron for all individuals and copper fed at tho rate of 
0.003 mg. per gram body weight. The iron was supplied as ferric chloride (FeC!,, 011,0) 
and the copper as cupric sulfate (CuS0,.5H,0). The copper and iron content of the various- 
solutions used wore checked by the colorimetric method. 

The first group of twenty animals was employed as a part of a preliminary experiment 
to determine approximately at what time during the early stages of recovery critical or signifi- 
cant phases of hematopoiesis might occur. Because of tho erythropoietic function of the 
spleen during recover}', it was decided that anemic animals with large, actively erythropoietic 
spleens should not be used in this study. Each animal, therefore, was subjected to laparot- 
omy and the size and appearance of tho spleen were noted. All animals were’ used in the 
experiment because the spleens were small or medium sized and none possessed grayish-white 
erythropoietic areas. . Two of tho animals, to serve as controls, wore killed without having 
received copper and iron supplements. Seventeen of the animals were fed iron and copper 
and one^of these was killed at each of tho following hours after copper and iron feeding: 
2, 3, 5, 7, 10, 12, 14, 10, 18, 20, 22, 24, 20, 2S, 30, 30, and 4S hours. The twentieth animal 
of this group was bled hourly from the fourteenth to the twenty-eighth hour after feeding 
to provide hourly blood values. 

Since none of the animals of tho first group possessed largo and actively erythropoietic 
spleens and laparotomy introduced a complicating factor into tho experiments, none of the 
animals of the second and third groups were subjected to exploratory operation. Five of 
the animals of these groups wore killed as anemic control animals. Since the animal of the 
first group killed at 22 hours after iron and copper feeding possessed a hone marrow showing 
a particularly sharp response to therapy, the animals of the second and third groups and 
which received iron and copper, were killed at some hour between 10 and 4S hours after 
supplement feeding. 

Hemoglobin, erythrocyte, leucocyte, and platelet values were determined for all control 
animals and for all treated animals at the time they were given their first dose of copper 
and iron and again at the time they wore killed. All blood samples were obtained from the 
rat’s tail by the usual methods. Hemoglobin values were determined by the acid hemntin 
method employing a Klett-Summerson photoelectric colorimeter. Tho erythrocyte and leu- 
cocyte counts were made by the usual methods and the platelet counts by tho method of 
Beese and Belter. At the time blood samples were taken for blood values, blood smears were 
also prepared. The blood smears were stained with Wright’s stain and Giemsa stain. At 
the time the animals were killed, the femur, humerus, vertebrae of the base of the tail, 
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iiul vertebrae from the middle of tbe free portion of the tail were cleaned of muscles and 
mnncctive tissue and fixed in Kelly’s Zcnkcr-forniol fixative. The marrow tissue of one 
femur was removed and a portion used to prepare smears and imprints and the remainder 
fixed for sectioning The smears of the bone marrow were stained with Wright's stain 
followed by Giemsa stain. Entire bones and tbe marrow removed from tbe femur fixed for 
histologic sections wore embedded in cclloidin, decalcified, sectioned, and stained in hema- 
toxylin eosvo, heiYtatoxylin-eosnvnJxire XI, or Doiuinici’s toluidine liluc-eosin-orange G stain. 


OBSERVATIONS AND RESULTS 


The results of this investigation will lie presented in two parts, the first 
dealing with the values for the hemoglobin and blood cells of anemic animals 
and animals given iron and copper supplements and tbe second with the his- 
tology of the bone marrow of anemic and treated animals. Observations on the 
values of the blood elements are presented for the purpose of indicating the 
characteristics of the anemia investigated in this study and because the changes 
of the values of the blood elements which follow treatment with copper and 
iron help explain the histologic changes found in the hone marrow. The rela- 
tion of the hematologic conditions observed to the controversial problems and 
theories of hematopoiesis will he presented in the discussion which follows this 
section of the paper. 

The anemic animals were physically weak and inactive and many of the 
animals, often in spite of high platelet counts, showed a tendency toward failure 
of blood coagulation, the bleeding from the tail after taking blood samples 
being difficult to eontrol. The average values and range of values of the blood 
elements of the anemic animals are summarized in Table I. The range of values 
recorded for hemoglobin and erythrocytes and the presence of normoblasts in 
the blood smears indicate that the anemia for all animals was a severe one. 
Though the total number of leucocytes was reduced below normal, the absolute 
values given for the various types of leucocytes show that the differential leu- 
cocyte count was approximately normal and the lymphocyte the predominant 
leucocyte type of the blood smear. The platelets, as shown by the range of 
values listed in Table I, were extremely variable in number for our anemic 
animals. 


The anemia produced by feeding milk to the rats of this experiment was 
of the microcytic, hypochromic type, Anisocytosis was marked and the blood 
smears showed quite clearly that the greater number of erythrocytes was smaller 


than normal. An average of 4.5 p was obtained by employing a diffraction 
orythroeytometer for measuring tbe diameter of the erythrocytes of the blood 
smears of thirty-six of the anemic animals. Though there is* no agreement in 
the published values for the diameter of the red cells of normal rats, the values 
of 5.7 ,i given by IClemcborger, 20 6.3 ,i given by Scarborough, 20 and 6.8 p <nven 
by Gulliver and quoted by Ponder 31 are all greater than the average diameter 
obtained for our animals. The erythrocytes of the blood smears were either 
strongly basophilic, polyehromatophilic, or possessed a faintlv stained narrow 
acidophilic margin. Basophilic stippling of the red cells was present and Jollv 

bodies were encountered quite frequently in the blood smears. Poikilocvtosis 
was cither absent or slight. • IOSIS 
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Table I. 


Summary of Blood Values of Anemic Bats and Bats Amu: Copper and 
Iron Therapy 



AVERAGE 

VALUES* 

| RANGE OF VALUES* 

BLOOD ELEMENT 

ANEMIC ANI- 
MALS ON DAY 
KILLED AS CON- 
TROLS OR FED 
COPPER AND 
IRON SUPPLE- 
MENT 

TREATED ANI- 
MALS KILLED 
FROM 2 TO 4S 
HOURS AFTER 
FIRST FEEDING 
OF COPPER 
AND IRON 

ANEMIC ANIMALS 
ON DAY KILLED 

AS CONTROLS OP. 
FED COPPEP. AND 
IRON SUPPLEMENT 

TREATED ANIMALS 
KILLED FROM 2 TO 
4S HOURS AFTER 
FIRST FEEDING OF 
COPPER AND IRON 


2.22 (52) 

11 >.44 (50) 

433 (30) 
2121 (50) 
10,171 (50) 
•120 (50) 
5350 (50) 


2.0 (o 3.8 (50) 
1.10 to 2.92 (50) 


Loss than 
2.0 to 5.2 (50) 
1.20 to 3.41 (52) 


2.71 to 11.05 (57) 3.10 to 42.71 (50) 


„ I Oil I 

per 100 c.c Wood 
Erythrocytes in mil- 2.05 (50) 

lions per c.mm. Wood 
Leucocytes in thou- 5.37 (57) 

sands per c.min. ' 

Wood 

Platelets in thousands 409 (40) 
per c.mm. Wood 

Normoblasts in num- 20S (57) 
her per c.mm. Wood 
Heterophilo in 1111m- 2000 (57) 

her per c.mm. Wood 
Eosinophiles in num- 78 (57) 

her per c.mm. Wood 
Lymphocytes in num- 3433 (57) 
her per c.mm. Wood 

^Numbers In parentheses indicate the number of animals observed for each blood clement. 

,>5X8 additional animals had less than 2.0 Gm. hemoglobin per 100 c.c. blood and. there- 
computatlon^ of tho 'averagi wlue". U ‘ e co,orlmctor - Thes « animals were not Included in the 

fore fif/ioSSSl ™m£!, s .i had i c ?; s t,,n ? Gm ■ hemoglobin per 100 c.c. blood and, there- 

computation of the averago TOlue" ° ‘ ° colorlmctor - Those animals wore not included in the 


OGIoSl-l (40) 

0 to 2003 (57) 
444 to 4943 (57) 
0 to 331 (57) 

1005 to G15G (57) 


SO to 92G (30) 

0 to S42G (50) 

140S to 32, 70S (50) 
0 to 2431 (50) 

125G to 17,738 (50) 


In this study the anemic animals given recovery treatment ivere killed a 
few hours after the initial copper and iron feeding and, therefore, did not show 
marked improvement in general physical condition. However, the animals 
continued to the end of the 48-hour observation period were more active than 
before receiving copper and iron. The anisoeytosis did not disappear and in 
some instances was more marked after therapy than before. Likewise, the 
microcytosis was continued, the average diameter of the erythrocytes of thirty- 
six treated animals being 4.5 /t. The basophilic erythrocytes in some instances 
were increased in number and in general the hypochromasia continued un- 
changed after therapy. Prom these observations it is apparent that for the 
period of the first 48 hours after the initial copper and iron feeding, the 
hypochromic and microcytic character of the anemia was continued and was 
not markedly altered. 

The values for the hemoglobin and blood cells of the animals fed copper 
and iron are summarized in Table I. Though the average values and range of 
values presented in the table are for all animals fed the curative substances 
and does not take into consideration the fact that the animals were killed at 
various times after supplement feeding, they do indicate the character of the 
response to therapy. Slight increases in value are indicated for hemoglobin, 
erythrocytes, and platelets, while marked increases in number are shown for 
normoblasts and leucocytes. The great increase in number of white blood cells 
is shown to be due primarily to an increase in number of heterophile leucocytes. 
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Though lymphoevtes were increased over their values for untreated anemic 
animals, their increase in number was small when compared to the increase in 
number o£ heterophile leucocytes. As a result the differential leucocyte count 
was altered, the heterophile becoming the predominant leucocyte type after 
treatment. The marked increase in number of normoblasts, eosinophiles, and 
heterophiles shows that the first response to copper and iron feeding is myeloid 
in nature and characterized by a discharge of those cells into the circulating 
blood by the bone marrow. 

Examination of the hemoglobin and blood cell values for animals killed at 
different hours after the initial feeding of copper and iron shows that a latent 
period of no regular gain immediately follows the feeding. It also shows that 
the latent period continues to 26 hours for hemoglobin and 2S hours for eryth- 
rocytes, while for normoblasts and leucocytes it continues only to 12 hours after 
feeding. The duration of the latent period is shown particularly well by the 
gain or loss in values shown in the graphs of Figs. 1 and 2. Since the platelets 
did not show a definite regular response to therapy, their changes in values 
were not graphed and included in the illustrations. 

Though Krumbkaar, 32 Wintrobe, 33 and others state that due to an increase 
in number of neutropliiles, a postoperative leueocytosis is found to occur, the 
values for leucocytes of our animals subjected to laparotomy do not differ 
significantly from the values of animals not subjected to operation. "We have 
concluded that the change in numbers of normoblasts and leucocytes of the 
circulating blood of our animals was due to the copper and iron feeding. We 
have also concluded that the increase in number of those cells was due to their 
discharge by the bone marrow and that they were discharged during the period 
of high and low values extending through the period between 12 to 26 hours 
after copper and iron feeding. That period we regard to be a critical period 
of response to therapy and, as will be described, is accompanied by critical 
changes of hematopoiesis in the bone marrow. 

The bones whose marrow tissues were observed for histologic changes in 
this investigation, on the basis of position in the body, were of two types, out- 
lying or distal bones represented by the caudal vertebrae and central bones 
represented by the femur and the humerus. Huggins and Blocksom 34 have 
pointed out that in the rat the marrow of the outlying bones is eharacteristieallv 
of the hcmatopoietically inactive yellow type while that of the central bones 
is of the hcmatopoietically active red type. We assumed that by including 
representative bones of the two types we would be presented the opportunity 
of noting the reaction of both yellow and red marrow to anemia and to therapy. 
The marrow tissues of the two types of bones were found to be dissimilar both 
in the anemic state and after therapy and, therefore, require separate consid- 
eration and description. 

Longitudinal sections of vertebrae from two portions of the tail namelv 
vertebrae of the middle of the free portion of the tail and vertebrae immediately 
following the sacral vertebrae at the base of the tail, were prepared for his- 
tologic study of die marrow. The marrow tissue of the vertebrae of the two 
regions of the tail presented some points of difference. The marrow of the 
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distal caudal vertebrae, except for a few islands of hematopoietic tissue in the 
epiphyses and mctaphyscs, was of the yellow variety throughout. The marrow 
of these vertebrae resembled that described by Huggins and Bloeksom 5 ' for 
normal adult rats, and it. is apparent that, in our animals the existence of a 
severe anemia had not produced active hematopoietic tissue in these vertebrae. 
The marrow of the distal caudal vertebrae showed no histologic changes in 
response to copper and iron therapy. The first caudal vertebra of anemic 
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animals possessed fairly abundant red marrow in both epiphysis and centrum. 
Fat cells were present in the marrow and were most abundant toward the 
posterior end of the vertebra. The first caudal vertebra possessed more red 
marrow and less yellow marrow than the second and third caudal vertebrae, 
and the third vertebra possessed less red and more yellow marrow than the 
second vertebra. The third caudal vertebra, therefore, possessed more yellow 
marrow than red marrow. It should be noted that for the second and third 
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caudal vertebrae the red marrow was best developed and most active at the 
anterior end. The decrease in red marrow and increase in yellow marrow from 
the first to the third caudal vertebrae were anticipated because Ihe first verte- 
bra is essentially a central type of bone while the third caudal vertebra is 
essentially an outlying type of hone. Though histologic changes were found 
to occur in the red marrow of the first and to some extent in the second caudal 
vertebrae after therapy, the changes were not as extensive or as marked, though 
of the same nature, as those found to occur in the femur and humerus. For 
that reason further description of the marrow of the caudal vertebrae will not 
be given. Our observations indicate that the severe dietary anemia of our 
study did not cause the extension of red marrow inlo typical yellow marrow 
areas and that typical yellow marrow does not, for the 48-hour period of 
observation of this study, respond to copper and iron therapy. 

The sections of the marrow removed from the femur before being placed 
in the fixative when stained with hemaloxylin-eosm-azurc II provided the best 
material for the identification and study of the various stages of hematopoiesis. 
However, the marrow removed from the marrow cavity before fixation did not 
include the marrow tissues at the periphery and epiphyseal ends of the marrow 
cavity and did not provide a complete picture of the marrow tissue. Longi- 
tudinal sections of the entire femur and also of the humerus, though not as 
sharply stained with the hematoxylin-cosin-azurc II, provided excellent material 
for study of the cytology of red marrow as well as for the extent of the red 
marrow tissues. The marrow tissue of the femur and humerus, both in the 
anemic state and after therapy, wore essentially similar as far as hematopoietic 
activity was concerned and were used to supplement each other in this study. 
The descriptions of the cytologic changes- of the marrow to he given are based 
largely on the longitudinal sections of the entire femur and of the marrow 
removed from the femur before fixation. The smears and imprints were very 
useful in identifying hematopoietic cells and were used to supplement the 
sectioned material. 

The histology and cytology of typical femur marrow of anemic rats of 
this experiment are illustrated in Fig. 3. It should be noted that the marrow 
tissue of anemic animals was of the hyperplastic red type throughout the entire 
extent of the femur and the humerus. Fat cells were very few in number and 
were most commonly found, scattered singly or in groups of a few cells, in 
the tissue at the periphery of the marrow of the central cavity and in the 
marrow of the epiphyses. The venous sinuses were prominent and well defined 
and the reticular lining cells forming their walls were continuous and distinct. 
There was no indication of a discontinuous wall of the venous sinuses in any 
of our sections in which the tissues were satisfactorily stained. The inter- 
sinusoidal tissue, or parenchyma, was sharply limited by the reticulo-endothelial 
walls of the venous sinuses and toward the central portion of the tissue were 
found the arteries and arterioles supplying it. The parenchymatous tissue 
was fairly cellular and compact though open enough to permit easy identifica- 
tion and' study of the reticular cells forming its framework. Some of the 
reticular cells were in the process of mitosis and others, as shown by the lack 
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of long processes, basophilia of the cytoplasm, and nucleus with coarse chroma- 
tin and distinct chromatin nucleoli, were in the process of changing into 
hemoeytoblasts. The reticular cells at the margin of the intersinusoidal tissue 
sent processes to the reticular lining cells of the venous sinuses and contributed 
to the formation of the wall of those vessels. Other reticular cells sent their 
processes to the walls of the ai'terioles and arteries located in the stroma. The 
hematopoietic tissues located in the reticular spaces of the stroma were divided 
into separate and fairly well-defined groups of differentiating erythrocytes, 
eosinophiles, and heteropliiles. The tendency of the hematopoietic cells to 
separate into groups of similar cells was best seen in areas of longitudinal sec- 
tions through the intervascular tissue and the neighboring venous sinuses. 

The primary hematopoietic process of the bone marrow of anemic animals 
was of the homoplastic type. Orthoehromatophile and polyehromatophile nor- 
moblasts, the latter the most numerous, formed the greater part of the nests 
of erythropoietic cells. It should he emphasized that the cytoplasm of the 
orthoehromatophile normoblasts, as shown in Fig. was not acidophilic as in 
normal bone marrow but more or less strongly basophilic and stained with the 
azure stain instead of the eosin stain. They were readily identified, however, 
by their deeply stained pyknotie nuclei. The basophile character of the cyto- 
plasm of the orthoehromatophile normoblasts of the marrow of our anemic 
animals was expected because many of the erythrocytes of the circulating blood 
lacked hemoglobin and possessed basophilic or faintly acidophilic cytoplasm. 
The polyehromatophile normoblasts likewise were identified by their nuclei, 
of coarse, radially arranged and deeply stained chromatin masses and not by 
the cytoplasm which was basophilic rather than polycbromatophilie. Basophile 
normoblasts were few in number. They were characterized by deeply stained 
basophilic cytoplasm and a nucleus possessing fairly large chromatin nucleoli 
and coarse chromatin granules placed on the inner surface of the nuclear mem- 
brane. Pronormoblasts were encountered fairly frequently in the nests of 
erythropoietic cells and differed from the basophile normoblasts in possessing 
more prominent chromatin nucleoli, finer chromatin granules on the nuclear 
membrane, and a more irregular cell outline. Mitoses of the erythropoietic 
cells were very infrequent and it appears that the low erythrocyte count of 
the anemic animals was the result of arrested cell multiplication and differ- 
entiation. 


Nests of eosinophilic cells, being almost as numerous as nests of heterophilie 
cells, were more numerous than the number of eosinophile leucoevtes of the 
circulating blood indicated should have been present. The granules of the 
developing eosinophilic cells were larae and brilliantly stained bv the eosin dye 
Mature eosinophiles were identified by the presence of an abundance of eosin- 
ophilic granules, a faintly acidophilic cytoplasm, and a nucleus more or less 
deeply indented to form two nuclear lobes. The chromatin of the nucleus of 
the eosinophiles included small and medium-sized granules in the interior and 
granules of it regular sirs placed on the inner surface of the nuclear membrane 
The cos.no,, talc metamyelocytes also possessed numerous granules fatelv 
acidophilic cytoplasm, and a nucleus only slightly indented or perforated at 
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the center or toward one side. Formation of the eosinophile metamyelocytes 
from myelocytes was either by indentation or perforation of t ho nucleus, the 
latter method of formation occurring most frequently. The eosinophile mye- 
locytes formed the most common cell of the eosinophile nests. They possessed 
a slightly basophilic cytoplasm, fairly numerous granules, and a spherical 
nucleus with chromatin nucleoli and numerous fairly hue chromatin granules 
on the nuclear membrane. Eosinophile promyelocylcs. though rarely encoun- 
tered, were readily identified by their basophilic cytoplasm, reduced number 
of granules, and a large spherical nucleus. The chromatin of the nucleus of 
the promyelocyte included fairly large chromatin nucleoli and fine chromatin 
granules in the interior and on the nuclear membrane. ITcmocyt oblasts, or 
myeloblasts, of the eosinophile nests were not numerous but were more numer- 
ous than the promyelocytes. They resembled the pronormoblast in shape, 
basophile staining of the cytoplasm and in the presence of large irregular 
chromatin nucleoli in the nucleus. They differed from the pronormoblasts in 
that the chromatin granules on the nuclear membrane were finer and more 
numerous than those found on the membrane of the pronormoblast. Mitoses 
of the myelocytes were very infrequent, and it appears that for the eosinophile 
series, as for the erythrocyte series, cell multiplication and differentiation was 
suppressed by the anemia. 

The cells of the heterophile series of leucocytes also occurred in irregular 
nests but were the most difficult to identify because the cytoplasm of even the 
most mature cells of the series was faintly basophilic and because specific 
granules were not stained or when stained were so small as to be difficult to 
see. However, it was possible to identify the various stages of differentiation 
of the heterophiles by comparing their nuclei with the nuclei of the various 
differentiation stages of the eosinophiles. Since the structural features of the 
nuclei of the differentiation stages of the heterophiles are like those of the 
eosinophiles, descriptions of them will not be repeated here. The heterophile 
promyelocytes were very difficult to identify because of their close resemblance 
to hemocytoblasts and because of the absence of specific granules. Myelocytes 
were fairly numerous and differentiation into metamyelocytes was by nuclear 
pei’foration or indentation and, as for eosinophiles, most frequently by the 
former method. Late heterophile metamyelocytes possessed a slender bandlike 
nucleus while mature heterophiles possessed two or more nuclear lobes. Mitoses 
of the myelocytes of this series were very infrequent and multiplication and 
differentiation of the cells of the heterophile series were also suppressed by 
the anemia. 

Basophiles, or mast cells, were encountered very infrequently in the marrow 
of any of our animals. Plasma cells were found in the marrow of our anemic 
animals and were usually irregularly distributed through the tissue. Large- 
sized heterophiles and eosinophiles, most frequently encountered in the myelocyte 
and metamyelocyte stages, were found in the marrow of the untreated animals. 
Megakaryocytes showing platelet formation were not numerous. Naked nuclei 
of degenerating megakaryocytes were also present. An occasional megakaryocyte 
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was phagocytic, the phagocytoscd cells most .frequently being normoblasts 
readily identified by their small, spherical pyknolic nuclei. 

The histologic and cytologic changes occurring in the marrow of anemic 
animals following the feeding of copper and iron supplements can best be 
described from marrows which bad reached the point of greatest response to 
the therapy. One of the reactions to therapy was the appearance of mitoses 
in the cells of erythrocyte, cosinophilc, and heterophile series. A second and 
unusual reaction to the therapy was the appearance of large numbers of pro- 
normoblasts and heteroplastic erythropoiesis. The characteristics of a bone 
marrow showing that reaction in a high degree of development is illustrated 
in Fig. 4. The marrow illustrated was from an animal killed 22 hours after 
supplement feeding. Other marrows, namely, of individuals killed at 18, 20, 
24, and 26 horn’s after feeding, showed approximately the same degree of 
development of heteroplastic erythropoiesis. The occurrence of well-developed 
erythropoiesis of that type for that fairly long period of time can be accounted 
for by individual variation in response to therapeutic treatment. The variation 
observed can be correlated with a similar variation in the values of normoblasts 
and leucocytes of the circulating blood shown for the same period of time in 
the graphs of Figs. 1 and 2. It should he noted that the marrow of other 
animals killed during this period of time also showed heteroplastic erythropoiesis 
hut that the heteroplastic tissue did not occupy as great an area of the marrow. 

The marrow at the height of response to therapy was characterized by 
greater cellularity and compact appearance of the intersinusoidal parenchyma. 
Venous sinuses, as for anemie animals, were well developed and prominent and 
their walls well defined. Arteries were located in the central portion of the 
intersinusoidal tissue area, and in general the vascular system and the inter- 
sinusoidal stroma tissue were the same as those found in the marrow of anemic 
animals. The intersinusoidal hematopoietic tissues were characterized by the 


presence in the central portion of the area and, therefore, surrounding the 
arteries and arterioles of a large number of pronormoblasts. Many of the 
pronomoblasts were in mitosis or were in preparation for mitosis. To either 
side of the mass of pronormoblasts, between them and the reticular lining cells 
of the wall of the venous sinuses, were found megakaryocytes and groups of 
erythrocytes, eosinophiles, and heteropliiles in the later stages of differentiation. 
It was clearly evident in many preparations that the cells of this region were 


compressed by the new growth occurring in the central region of the inter- 
smusoidal area. Numerous instances of normoblasts and granulocytes passing 
through the wall of reticular lining cells into the sinuses were found in these 
preparations. The constricted character of the cells passing through the mem- 
brane emphasizes the fact, also readily seen in the sections, that the reticulo- 
endothelial wall of the venous sinuses is a continuous one and that cells pass 
between the margins of the reticular lining cells. We have concluded that 
growth pressure within the intersinusoidal areas of our material assists in the 
migration of normoblasts from the intersinusoidal tissue into the venous sinuses. 

The marrows of animals killed at earlier hours after feeding of Conner and 
,m ' ™ effort to dcrminc „ rigi „ of the VonoZwaste 
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which appear in such large numbers during the period of 18 to 26 hours after 
supplement feeding. It should be emphasized again that the marrow of anemic 
animals was hyperplastic but that cell multiplication and differentiation was 
depressed. It should also be pointed out that the vascular system of the marrow 
of anemic animals, of animals killed a few hours after supplement feeding, 
and of animals killed at the highest point of heteroplastic hematopoiesis were 
identical. The pronormoblasts appeared in the intersinusoidal areas and not 
in the vascular channels. It was noted earlier that instances of reticular cells 
of the intersinusoidal areas transforming into hemocyloblasts were found in 
our preparations of the marrow of anemic animals. Instances of such trans- 
formation were also found in the marrow of animals lulled a few bom’s after 
therapy but instances of transformation were not very numerous. Transforma- 
tion of reticular cells into hemocytoblasts does not satisfactorily account for 
the formation of such large numbers of hemocytoblasts. Ilowcver, marrows of 
animals killed at 8 to 14 hours show many of the hemocytoblasts and pronormo- 
blasts present to be in mitosis, and it appears that the greater number of 
pronormoblasts were formed in situ by multiplication of those cells and to a 
lesser degree by transformation of reticular cells into hemocytoblasts. 

The marrows of animals killed at 36 and 48 hours after feeding of the 
iron and copper supplements illustrated in Fig. 5, show the usual arrangement 
of the venous sinuses and the intersinusoidal tissues. Ilowcver, pronormoblasts 
were present in small numbers only, and it is evident that the heteroplastic 
erythropoiesis had disappeared as the result of the transformation of the pro- 
normoblasts into the later erythropoietic stages. As a result, homoplastic 
hemopoiesis had been restored. Polychromatophilic and orthoehromatophilic 
normoblasts, many of the former in mitosis, were very numerous. "When the 
marrow of anemic animals and animals killed 4S hours after therapy were com- 
pared, it was found that the erythropoietic tissues were more extensive in the 
latter than in the former marrows. Nests of eosinophiles and heterophiles in 
homoplastic development were also present. Small megakaryocytes were fairly 
numerous and large well-developed megakaryocytes showed active platelet 
formation. Plasma cells and large eosinophiles and heterophiles were present 
but few in number. All features of the marrow of animals killed after 36 and 
48 hours point to a normal condition of very active homoplastic blood cell 
formation. 

DISCUSSION 

The present study on dietary anemia of the rat produced by feeding milk 
alone confirms earlier work in showing that regeneration of the blood is initiated 
by the addition of copper and iron to the diet. It supports the work of Hamre 
and Miller 18 ' 20 on the spleen and Fitz-Hugh and associates 27 on the bone mar- 
row, in showing that the blood-forming organs respond to copper and iron 
therapy by increased hematopoietic activity. It further shows that the in- 
creased cellularity of the bone marrow of recovering anemic rats fed copper and 
iron noted but not identified by Fitz-Hugh and associates was due to an in- 
crease of homoplastic hematopoietic tissue. The material of this study definitely 
shows that accelerated homoplastic erythropoiesis is established as early as 36 



HEMATOPOIESIS IX BONE MARROW OF RATS WITH NUTRITIONAL ANEMIA 769 

hours after the initial copper and iron administration. It also sh< iws that the 
first hematopoietic response to copper and iron therapy is the e\e p 
heteroplastic eiythropoiesis. The heteroplastic erytliropoiesis reaches its beh- 
est state of development some time during the period of 18 to 2b hours site 
adding copper and iron to the milk diet. The early heteroplastic erythropoiems 
supplies increased erythropoietic tissue for the homoplastic erytliropoiesis estab- 
lished 36 to 48 hours after the supplement feeding. 

That the bone marrow of anemic animals does respond rapidly and strongly 
to effective therapeutic agents has also been indicated bj °^ er in ' es ln ‘ l °*'f' 
Doan and co-workers 35 state that the hematopoietic response of the hypoplastic 
marrow of the radius and the ulna of starved pigeons occurs only IS hours alter 
feeding is resumed. At that time differentiation of new fat cells begum and 
signs of reactivation of erytliropoiesis appear. They point out that by 5U 
hours after feeding a normal appearance of the marrow has been established. 
Jordan and Johnson 36 also investigated the radial marrow of starved Pigeons 
and state that at 2S hours after feeding is resumed hematopoiesis is established 
and that after that time the only feature of importance respecting hemato- 
poiesis is that it becomes more intense and widespread. The work of McDonald * 
on the hypoplastic marrow of starved pigeons agrees with the observations of the 
previously mentioned two groups of investigators as far as the time of appear- 
ance of increased erythropoietic activity is concerned. Kandel and LeRoj 
have indicated that in pernicious anemia in man fourteen and a half hours af tei 
liver therapy, the megaloblastic character of the sternal marrow has largely dis- 
appeared and has been replaced by an increased amount of normoblastic tissue. 
Bock and Malamos 39 reporting on their own observations and quoting observa- 
tions of other European workers also point out that there is a rapid transforma- 
tion of the marrow of patients with pernicious anemia after liier tieatment and 
state that at 48 hours after first treatment megaloblastic cells are difficult to 
find while the early stages of the erythro-noraoblastic type of cells are very 
numerous. It is obvious that the initial response of the bone marrow of the 
patients examined by the last group of authors occurred at some earlier hour 
of the first two days of recovery. Other papers pointing to the time of re- 
sponse of the bone marrow of animals to therapeutic treatment may exist in the 
literature on anemia but those cited previously in this paper support our view 
that a “critical period” of erytliropoiesis occurs during the first few hours 
after effective therapy of anemia. For our anemic rats the critical period of 
recovery extended from 18 to 26 hours after the initial feeding of copper and 
iron and was characterized by a high degree of development of heteroplastic 
eiythropoiesis. The fact that the height of heteroplastic eiythropoiesis did not 
occur at some one hour of that period for all animals can be explained by the 
commonly accepted fact of existence of individual differences in the state of 
a disease and individual differences in reaction to therapy. 

The studies of the changes of the blood values of rats recovering from 
anemia carried out in this investigation show that increases of values for normo- 
blasts, eosinophiles, and heterophiles occur during a period of time which 
coincides with the critical period of hematopoiesis of the marrow. This period 
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for those ])loocl cells extends from 12 lo 20 .hours after therapy. The coinciding 
of the periods of change of blood values and of the histology of the bone marrow 
suggest that the two are related and our material shows that the development 
of heteroplastic erythropoietic tissue is accompanied by a discharge of those 
blood cells into the venous sinuses, llainre and Miller, 20 in studying the regen- 
eration of the blood elements of anemic rats following copper and iron feeding, 
point out that for normoblasts and total number of leucocytes, chiefly hetero- 
philes, the highest values occur on the second and the fifth or sixth day of 
recovery. Our material suggests that the high values for the second day are the 
result of the development of heteroplastic erythropoietic tissue in the marrow 
and the coincident discharge of cells present at the time treatment was begun. 
We suggest that the second period of high values occurring on the fifth or sixth 
day of recovery may mark the beginning discharge of a new generation of cells 
produced from the heteroplastic tissue of the critical period of hematopoiesis. 
Investigation of the marrow of animals in the second to the fifth day of recovery 
is needed to establish the significance of the second period of high values of 
normoblasts and leucocytes. 

The marrows of the animals of this investigation, since they possessed large 
quantities of heteroplastic erythropoietic tissue, form material which bears on 
the controversial problem of the place within the marrow in which erythrocytes 
originate and differentiate. The literature hearing on this problem has been 
reviewed by Doan and co-workers 1 ' and Sabin and Miller/ 0 and a review of the 
literature will not be presented here. Two views have been advanced in the 
literature on hematopoiesis, the first view that granulocytes develop extra- 
vaseularly while erythrocytes develop intravascularly and the second view that 
both granulocytes and erythrocytes develop cxtravnscularly. Differences of 
opinion on the place of differentiation of blood -cells in the hone marrow, there- 
fore, center primarily about the place of differentiation of erythrocytes; it should 
he noted that the differences of opinion apply to erythropoiesis in the bone 
marrow of adult animals since the work of recent authors, Maximow 41 and 
Bloom and Bartelmez 42 on erythropoiesis in mammalian and human embryos 
and Dantehakoff 43 and Sabin'* 4 on avian embryos, agree in describing erythro- 
poiesis as occurring intravascularly. The first view of erythropoiesis, therefore, 
holds that the embryonic type of intravascular erythropoiesis is continued in 
the marrow of the adult animal, while the second view holds that embryonic 
intravascular erythropoiesis during development is lost and is replaced by a 
new extra vascular erythropoiesis in the hone marrow of the adult animal. 

The move recent interpretations of the view that ei’ythropoiesis occurs 
intravascularly in the marrow of adult animals is to a great extent based on 
the studies of Doan and co-workers 35 on the regeneration of the hypoplastic 
marrow of starved pigeons after normal feeding was resumed. They con- 
cluded that granulocytes are produced in the inter vascular stroma but that 
erythrocytes are produced from the endothelium of hematopoietic capillaries, 
called intersinusoidal capillaries, originally described by Doan. 45 After matur- 
in' 1 ' within the capillaries, the erythrocytes were described as being carried 
directly into the circulation and the capillaries as opening to the circulation 

'"v 
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and temporarily ceasing erythropoiesis. Jordan and Johnson 30 and McDonald"’ 
after repeating the studies of these authors 30 ' 45 doubt or deny the existence of 
intersinusoidal capillaries in the number or type described and suggest that 
many of the spaces so labeled are stromal reticular spaces. The latter 
authors 30 ’ 37 agree that granulocytes take origin in stromal spaces not open to 
the circulation. They also hold that cells of the erythrocyte series may mature 
within vascular channels but that the stem cells take origin from the extra- 
vascular stroma and then migrate into the vessels for maturation. McDonald 
also states that some of the erythropoietic cells of the vessels may take origin 
directly from the endothelium of the vessels without passing through the myelo- 
blast stage. The recent literature on crythropoiesis in the bone marrow of 
birds indicates that differentiation, and possibly also origin, of erythrocytes 
occurs intravascular!}'. 

Doan and co-workers 55 have also reported that intersinusoidal capillaries, 
similar to those described for the marrow of the pigeon, occur in the hone marrow 
of rabbits. They, therefore, reported erythropoiesis in the rabbit to be intra- 
vascular. Peabody 40 claimed to have seen intersinusoidal capillaries in the 
marrow of man and described erythropoiesis as occurring within them. How- 
ever, the generally accepted view of hematopoiesis in the marrow of mammals, 
as noted by Bloom , 47 is that both leueopoiesis and erythropoiesis are extra- 
vascular. The generally accepted view of extr avascular hematopoiesis is based 
largely on the clear and detailed descriptions of the process and the histology 
of the hone marrow of mammals given by Maximow . 4S The work of Drinker 
and associates 49 and Bunting 50 on the marrow of dogs, cats, and rabbits does 
not support the idea of the existence of intersinusoidal erytbrocytogenie vessels 
hut does support the view that in mammals granulocyte and erythrocyte forma- 
tion is extravaseular. 


The review of recent investigations of hematopoiesis in the marrow of birds 
and mammals gives the impression that granuloeytopoiesis is extravaseular in 
both, hut that they may differ with respect to erythropoiesis. ‘We do not deny 
the possibility of intravascular erythropoiesis in birds but on the basis of the 
evidences presented in the literature conclude that it may occur. On the other 
hand, we feel that evidences presented in the literature point to extravaseular 
erythropoiesis in mammals. Our material on the marrow of the rat, in that 
it did not show erytbrocytogenie vessels comparable to the so-called inter- 
smusoidal capillaries or a change in the pattern of the vascular system during 
ihc initiation and development of erythropoiesis, supports that view. M'e fed 
'hat the appearance of new heteroplastic erythropoietic tissue in the parenchyma 
of the marrow, absence of masses of differentiating erythrocytes from the Vas- 
cutar channels, and the lack of hematopoietic activity on the part of the endo- 
hc ial lining of the vessels lend strong support to the view that in adult mam- 

Mthc mm?ow° POiOSiS ** CXtravaSCTllar and localizecl in the intervascular areas 
The heteroplastic erythropoietic marrows of the rats of this studv « 
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circulating blood. Explanations of the manner in which erythrocytes are so 
discharged would differ for instances of intravascular and cxtravascular 
erythropoiesis. In the former instance, as pointed out by Doan co-workers,” 
Jordan and Johnson , 30 and McDonald , 37 the crythroeyfogcnic vessels are con- 
tinuous with the nonerythrocytogcnic vessels and the mature erythrocytes are 
carried directly into the actively circulating blood of the latter. Explana- 
tions of the stimulation of release of the mature cells are not offered. In in- 
stances of cxtravascular erythropoiesis, the endothelial lining cells of the 
sinuses serve as barriers through which the red blood cells must pass to reach 
the circulating blood. It is on the possible manner in which this is accom- 
plished that our material yields information. 

Drinker and associates 40 have reviewed the literature dealing with the 
problem of the manner of discharge of red blood cells through the endothelial 
membrane. They suggest that the endothelial membrane of the sinuses is a 
continuous one and that groups of erythrocytes expand by growth onto the 
membrane and due to slight differences in pressure inside and outside the 
vessel are carried through the membrane. Maximow 48 also held that the mem- 
brane is continuous about all of the vessels of the marrow hut that over masses 
of erythrocytes it may temporarily open or rupture to expose the cells to the 
circulating blood. The plasma passing through the temporary opening loosens 
the cells and carries them into the circulation. After discharge of the cells the 
thin endothelial lining membrane closes and the wall of the vessel regains con- 
tinuity. Key 51 has suggested that the maturation of the erythrocytes is accom- 
panied by a decrease in their eohesiveness and that, ns a result, the red blood 
cells are more readily washed out of the stroma spaces through openings in 
the endothelial wall into the blood stream. Bunting 50 has suggested that growth 
pressure may be a factor in causing migration of the red blood cells, though lie 
does not state definitely whether or not lie believes the endothelial membrane 
to be continuous or perforated. 

The endothelial membrane of the venous sinuses of our material, as was 
pointed out previously, is continuous and distinct. Numerous instances of 
granulocytes and nonnoblasts passing through the endothelial membrane were 
found in our material and it appears to us that constriction of both granulocytes 
and normoblasts at the membrane is significant. We have concluded that the 
cells pass through the membrane between the margins of the endothelial lining 
cells and we further have concluded that the intrastromal growth of large 
quantities of erythropoietic tissue forced the cells through the membrane into 
the sinuses. We feel that growth pressure is one of the factors, though un- 
doubtedly not the only factor, which brings cells of the erythrocyte series from 
the intervascular tissue into the blood vessels. 

The subject of the origin of the blood cells forms such an extensive mass of 
publications that it cannot he reviewed here. However, Downey 52 and Cunning- 
ham and associates 53 have reviewed the literature and the reader is referred 
to those publications for detailed information on the subject. It should be 
noted that the latter authors and Doan and co-workers 35 have advanced the 
theory that in the bone marrow of adult animals the erythrocyte series takes 
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origin from ilie endothelial lining cells of hematopoietic capillaries. Many 
authors hold that the endothelial lining cells do not possess the potentiality of 
differentiating into hematopoietic cells and our material supports that view. 
In our series of animals, the bone marrow was stimulated by copper and iron 
therapy to produce large quantities of heteroplastic erythropoietic tissue, in- 
cluding large numbers of pronormoblasts. The new tissue was located extra- 
vascularly and in none of our preparations did the endothelial lining cells of 
the sinuses show a change in form or exhibit tendencies toward differentiation 
of any type. 

As was pointed out hi the section on results of this study, a special effort 
was made to determine the source and origin of the pi’onormoblasts found in 
such large numbers in our preparations. We did find instances of the reticular 
cells of the intervascular stroma transforming into hemocvtoblasts. Instances 
of such transformation were not numerous enough to account for the numbers 
of pronormoblasts produced. However, we did find that after therapy mitosis 
of the hemoeytoblasts was greatly increased. We have concluded that the 
greater number of pronormoblasts arose by multiplication of hemoeytoblasts 
and pronormoblasts already present at the time therapy was begun or of hemo- 
eytoblasts produced by transformation of stromal reticular cells after copper 
and iron feeding. In none of our preparations were we able to discover cells 
comparable to the “primitive cell” described by Sabin and associates 54 as the 
progenitor of granulocytes. Myeloblasts of the type described by Downey, 55 
or hemoeytoblasts as described by Block, 56 were present in the smears and sec- 
tions of the bone marrow of our recovering animals. We conclude that they 
formed the stem cells for granuloeytopoiesis and of the pronormoblasts of our 
preparations. 

SUMMARY AND CONCLUSIONS 


1. The blood values and bone marrows of sixty anemic rats killed at hourly 
intervals during the initial 4S-hour recovery period after copper and iron 
treatment were observed in this investigation. 

2. Hemoglobin and erythrocytes showed an increase in value beginning at 
26 hours after treatment, and a slight but constant increase was continued from 
that hour to the end of the 4S-hour observation period. 


3. Normoblasts, eosinophiles, and heterophiles increased in value beginning 
at 12 hours after treatment, and a period of high and moderately high° values 
extended from that hour to 26 or 28 hours after therapy, this being the period 
of first discharge of those cells from the hone marrow and the irregularity of 
values being due to variation in time and extent of response to therapy. Fol- 
owing that period of increase, the values for the various leucocytes continued 
higher than normal to the end of the period of observation. 


4. The first histologic response of the bone marrow to copper and iron 
rcatment was the development of heteroplastic erythropoietic tissue, including 
nacrous prononnoblasts, and the highest degree of development of the tissue 
as found in the marrows of animals killed IS to 26 hours after therapy This 
period we have called the “critical period” of hematopoiesis of reeoveiy. 
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5. Tlie period of first great increase in numbers of normoblasts, eosinophiles 
and heterophiles coincided with critical period of hematopoiesis of the hone 
marrow and our histologic preparations showed a discharge of those cells into 
the blood stream by the bone marrow to occur during that period. 

6. Erythropoicsis after the critical period was characterized by the disap- 
peai'ance of the heteroplastic process and the development of the homoplastic 
process, which was continued in increased volume to the end of our period of 
observation. 

7. Erythropoicsis, including the heteroplastic erythropoicsis, and leuco- 
poiesis developed cxtravascularly in the in ter vascular stroma; our observations, 
therefore, support the view that all leucopoiesis and erythropoicsis in the marrow 
of mammals is extra vascular. 

8. The lining membrane of the sinuses of our preparations of the marrows 
was continuous and distinct and there was no rupture or destruction of the 
membrane during discharge of cells from the intcrsinusoidal tissues into the 
sinuses. 

9. The development of large quantities of new hematopoietic tissue in the 
intervascular stroma, and the coincident discharge of cells into the sinuses, sug- 
gests that one of the factors concerned in the discharge of cells by 1 he marrow 
is that of growth pressure within the intervascular stroma. 

10. Origin of the pronormohlasts of the new erythropoietic tissue in our 
preparations was not, as suggested by sonic authors, from the vascular endo- 
thelium but from stromal reticular cells and by multiplication of hcmocyto- 
blasts and pronormoblasts. “Primitive cell’’ progenitors of granulocytes, as 
described by Sabin and associates, was not recognized in our preparations, and 
we have concluded that the hemocytoblnsts, or myeloblasts, quite numerous in 
our preparations, were the progenitors of Hie granulocytes. 

The author wishes to express his appreciation to Dr. Ilal Downey and Dr. W. Bloom for 
their interest and suggestions. 
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LYMPHOCYTOGENESIS IN HUMAN LYMPH NODES 

R. Dorothy Sundberg, Ph.D. 

Minneapolis, Minn. 

T HE origin, the development, and the widely varied morphologic changes, 
which are manifest during lymphocytomorphosis, have been and still are 
some of the most fundamental problems in all hematology. Classifications of the 
various types of cells grouped under the term lymphocyte. are notoriously un- 
satisfactory, because lymphocytes lack the easily demonstrable specific charac- 
teristics such as the specific granules of granulocytes or the hemoglobin of 
developing erythrocytes. Although this lack of convincingly identifiable 
cytologic landmarks must be accepted as inevitable, the recent experiments 
showing that lymphocytes contain a protein identical with normal serum gamma 
globulin 1 ' 2 and that antibodies are present in the lymphocytes of immunized 
animals 3 ' 4 are dramatic examples of the importance of lymphocytes, examples 
which illustrate the need for renewed efforts at a clearer understanding of 
lymphocytomorphosis. 

The origin of the lymphocyte in lymphatic tissue of laboratory animals and 
a comparison of the various types of lymphocytes to the myeloblasts of the 
bone marrow have been the subjects of research on the part of Downey and 
co-workers . 5 ' 12 From these investigations and from studies of both blood and 
lymph nodes in infectious mononucleosis 13 ’ 14 and in subacute lymphatic leu- 
kemia , 15 it was inferred that lymphocytogenesis in nonleukemic human nodes 
probably closely simulated that which occurs in normal lymph nodes of rabbits 
and guinea pigs. The voluminous literature pertaining to the problems in- 
volved is partially reviewed in most of the publications but is most complete 
in the latest articles . 11 ’ 12 

The present report is a summary of a study of lymphocytogenesis in human 
lymph nodes. The various cell types involved were compared with the myelo- 
blast of human bone marrow, with the immature and mature lymphocytes of 
the lymph nodes of rabbits and guinea pigs, and with the types of lymphoid 
cells seen in the lymph nodes, blood, and bone marrow of cases of infectious 
mononucleosis, chronic lymphatic leukemia, and acute and subacute lymphatic 
leukemias. 

MATERIALS AND METHODS 

Tho 55 human lymph nodes studied were surgical specimens from which imprint prepara- 
ations were made within a few minutes after their removal. They included 43 which showed 
no evidenco of lymphoblastoma, 2 from chronic lymphatic leukemia, 9 from infectious mono- 
nucleosis (including the S nodes studied by Downey and Stasnev><), and 1 from subacute 
emphatic lcu,;cmia ( that described by Stasney and Downey^) . Eleven lymph nodes from 
ilnts and guinea pigs were useful in comparative studies; thev have been described eke- 

'vnere.* 2 ' 

The 43 nonlcukemic nodes included nodes from the lesser curvature of the stomach (41 
jejngumal region (10), the axilla (24). and other locations (5). In all but four of the cases 

From the Department of Anatomy. University of Minnesota, 
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in which the nodes showed no evidence of leukemia, the patients’ clinical find hematologic find- 
ings were investigated and found to ho within the range of those expected with the varied 
causes of hospitalization. In no case was there any evidence of leukemia. 

Direct smears of bone marrow and smears made of the myeloid-erythroid layer obtained 
from heparinized centrifuged 1>odo marrow 1 ® from a wide variety of conditions of Iter than 
leukemia were also examined in order that the various morphologic variations^*! the myelo- 
blast might bo correlated with the variations in the least differentiated types of 1 lymphocytes 
visible in the nodes. 

During the course of this investigation, blood and bone marrow received for diagnosis 
was also considered critically with reference to the various types of immature lymphoid cells 
encountered. Tho pathologic material reviewed which helped clarify the present problem in- 
cluded: (1) CO cases of chronic lymphatic leukemia: blood, 31; blond and bone marrow, l(i. 
(2) 31 cases of subacute or acute lymphatic leukemia: blood, 2!; blood and bone marrow, 
10. (3) 34 cases of infectious mononucleosis: blood, 33; blood and bone marrow, 1. (4) 

12 cases of brucellosis: blood, 3; blood and bone marrow, !).'? 

In order to determine the possible influence of blood on the cells from lymph nodes, 
a small amount of material from the mesenteric lymph node of a rabbit was scraped from a 
cut surface of tho nodo and mixed with a small amount of blood. Smears were made from 
this mixture. 

Lymph node imprints and smears of blood and bone marrow were stained with either 
the May-Griinwald-Giemsa combination or with Wright stain. Lymph nodes were fixed in 
Holly’s fluid, cut. at 5 micra, and stained with hematoxylin and cosin or with Dominici’s stain. 

OBSERVATIONS 

Lymph Node Sections . — Photomicrographs of sections of the lymph nodes 
have not been included because the development of lymphocytes from reticular 
cells has already been exhaustively studied by earlier investigators. The follow- 
ing works are singled out because they best illustrate the problem in question 
here. Downey and Wcidenrcich 6 described and included beautiful illustrations 
(their Figs. 2 and 3) of the transformation of fixed reticular cells to lympho- 
cytes in sections of guinea pig lymph nodes. Thiel and Downey 15 described 
and illustrated the transformation of mesenchymal cells to hemocytoblasts and 
lymphocytes in the spleen of the pig embryo. Maximow 19 gave excellent illustra- 
tions of the types of colls seen in germ centers of rabbit (his Figs. 7 and S) 
and human (his Figs. 9 and 10) lymph nodes and in a germ center of human 
tonsil (his Fig. 11). Maximow also showed the formation of large lymphocytes 
from the embryonic reticular syncytium in a newly formed lymph nodule in the 
mesentery of a rabbit (his Fig. 12). Klemperer 20 described and illustrated the 
transition from fixed reticular cells to hemocytoblasts in human pathologic lymph 
nodes and spleen. 

Histopathology of Nonleukemic Nodes . — Since the development of lympho- 
cytes rather than the types of pathologic changes occurring in lymph nodes is 
the subject of this report, the histopathologic changes observed in the lymph 
nodes can be considered only very briefly. None of the nodes examined was 
completely normal. Two nodes showed changes which might have resulted from 
mild physiologic (?) inflammation or age. Imprints from these nodes showed 
no evidence of active regeneration of lymphocytes. Five nodes which showed 
evidence of acute lymphadenitis were more normal in structure than any of the 
other specimens. Two of these nodes contained a fairly large number of small 
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germinal centers, and imprints showed an increase in the number of develop- 
ing lymphocytes. Thirty-four nodes showed evidence of simple hyperplasia 
accompanied by chronic inflammatory changes. Of these thirty-four nodes, 
twenty-six were draining carcinomata, but only four of the latter showed the 
presence of tumor cells. The thirty-four simple hyperplastic nodes were those 
best adapted to this problem in that they all, regardless of the precipitating 
cause of hyperplasia, contained germinal centers in various stages of activity 
and showed increased numbers of developing lymphocytes in imprint prepara- 
tions. Particularly interesting was the fact that the nodes draining the car- 
cinomatous lesions showed pronounced lymphoid hyperplasia and many very 
large germinal centers, some of which were comparable in size to those seen in 
follicular lymphoblastoma. Only a very small number of macrophages con- 
taining the tingible Ivorper of Flemming 21 were seen in the large number of these 
centers which were studied. The centers were not reaction centers in the proper 
sense; they were actively engaged in the production of lymphocytes, for they 
were filled with reticular cells and transitional stages between reticular cells 
and lymphocytes, and mitoses were numerous. Because some of the imprints 
from these nodes contained large aggregates of lymphoid cells including pri- 
marily reticular cells, reticular lymphocytes, and cells in various stages of 
mitosis, it was concluded that actual germinal centers had been imprinted, and 
the comparison of the immature cells in sections and in imprints could be 
made with considerable assurance. 

Nine nodes, biopsy specimens from cases of infectious mononucleosis, showed 
the histopathologic alterations ascribed to this disease, 14 and the imprints and 
smears showed a great increase in both the numbers of hematopoietic reticular 
cells and reticular lymphocytes- 2 and of leukocytoid lymphocytes of various 
types. 12 

Transformation of Reticular Cells to Lymphocytes. — It is recognized that 
undifferentiated, primitive, fixed, or syncytial reticular cells are capable of 
transforming either to phagocytic cells or to hematopoietic cells. In sections of 
the lymph nodes, reticular cells, even while still in syncytial arrangement, could 
he seen to have undergone partial differentiation. The differentiation to phago- 
cytic cells could he recognized by the presence of slight coarsening of the nu- 
clear chromatin and increased vacuolization of the cytoplasm as well as by the 
presence of ingested particles. The differentiation to lymphocytes was mani- 
fested both by coarsening of nuclear chromatin and by increased basophilia 
of tlie cytoplasm. Although these changes could be seen in fixed or syneytially 
arranged reticular cells, more often the differentiating reticular cells were free. 
In imprint preparations, undifferentiated reticular cells which were apparently 
free could also be found (Fig. 1). 

The transformation of undifferentiated reticular cells to lymphocytes as it 
occurs m human lymph nodes was found to be essentially similar to that pre- 
vurasly described for the nodes of rabbits and guinea pigs. 12 The transforma- 
\on was a gradual process involving many morphologic cell types which dif- 

to'nlt S Sl ?A tly ?r° m one jmother - The sta ? es in the transformation appeared 
undifferentiated reticular cells. (2) hematopoietic reticular cells 
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(3) reticular lymphocytes, and (4) lymphocytes identical with those of the blood. 
Mitoses were found to be most numerous in cells which, because of their size and 
the character of their cytoplasm (Fig. 11), are believed to be hematopoietic 
reticular cells and reticular lymphocytes rather than the common large lympho- 
cytes of the blood. No cells morphologically identical with the myeloblast 
(Figs. 14, 14', 15) of the bone marrow or with the lymphoblast (Figs. 16, 16', 
17) of acute and subacute lymphatic leukemias were found to participate in the 
regeneration of lymphocytes in the nonleukemic nodes. 

The undiffei’entiated reticular cell (Fig. 1) is a large cell which possesses 
a relatively large amount of cytoplasm. Its nucleus, like those of the lymphoid 
cells derived from it, is generally round or oval in shape. The nuclear chromatin 
is fine in character, stains a light reddish violet, and is distinctly demarcated 
from the pale pink-staining and relatively abundant parachromatin (karyo- 
plasm). The chromatin pattern is delicate. In areas, it appears to be net- or 
sievelike; however, generally small clumps, chains, and strands of chromatin 
are also present, and the resulting nuclear pattern is not uniform as is that 
of most myeloblasts. Nucleoli may or may not be present. They are variable 
in size but are usually small blue-staining bodies which are partially obscured 
by overlying chromatin. The nuclear membrane is fine but distinct. 

The cytoplasm of imprinted undifferentiated reticular cells is frequently 
damaged (Fig. 1) ; its actual boundaries are often not clearly visible. It ap- 
pears to be watery, consisting of an abundant hyaloplasm with only a small 
amount of faintly basophilic spongioplasm. Vacuoles may be present; azure 
granules also can sometimes be found. 

Figs. 2 and 2' show a cell very similar to the undifferentiated reticular 
cell. It has distinct cytoplasmic boundaries. Cells, not illustrated here, which 
occurred in the fields surrounding this cell contained phagocytosed material. 
Although the reticular cell in these figures might be considered an undifferenti- 
ated cell, in all probability it is a potential phagocyte (histiocyte). It is in- 
cluded in order best to illustrate the type of aggregation of chromatin which can 
be seen in the nuclei of reticular cells. (Compare the nuclear pattern of this 
cell with that of the hematopoietic reticular cell in Figs. 7 and 7'.) 

In the transformation of the undifferentiated reticular cell to a one capable 
of forming blood cells, the most conspicuous change is a decrease in the amount 
of cytoplasm. The cytoplasm of hematopoietic reticular cells may be sparse 
(Figs. 3 and 4) but usually it is abundant (Figs, 5, 6, 7, 7'). Although baso- 
philia of the cytoplasm is variable, most of the hematopoietic reticular cells 
have a grey-blue cytoplasm which is generally mottled or flaky in appearance and 
which often contains vacuoles (Figs. 3, 4, 5, 6, 7, 7'). The nuclear pattern may 
be almost identical with that of the undifferentiated reticular cell. (Compare 
nuclei of cells in Figs. 1 and 3.) The various cells classified as hematopoietic 
reticular cells because they resemble undifferentiated reticular cells and do not 
show indisputable evidence of transforming to lymphocytes are shown in Figs. 

3, 4, 5, 6, 7, and 7'. _ . , . . , 

The next classifiable stage of differentiation is the reticular lymphocyte 
(Figs 8 to 10). This cell has morphologic characteristics similar to those of 
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reticular cells and o£ lymphocytes. The recognition of this cell type as one 
distinct from the lymphoblasts of acute leukemia is of prime importance because 
small percentages of reticular lymphocytes may occur in the peripheral blood 
(Pigs. 12, 12', 13) in benign lymphatic reactions. 
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, . , K}J> S ‘ Reticular lymphocytes from imprints of hyperplastic human lymph nodes 

( X1440). 

, ;Mitosis in hematopoietic reticular cell or reticular lymphocyte (X1440). Im- 

print of hyperplastic human lymph node. 

Figs. 12 and 13. — Reticular lymphocytes (X1440) from blood in cases of infectious 
mononucleosis. 

Figs. 14 and 15. — Myeloblasts (X1440) from nonleukemic human bone marrow. 

Figs. 16 and 17. — Lymphoblasts (X1440) from blood in cases of acute lymphatic leukemia. 

Fig. 18. — Lymphocyte (X1440). Imprint of hyperplastic human lymph node. 

Fig. 19. — Imprint of lymph node from chronic lymphatic leukemia. Hematopoietic reticu- 
lar cells, reticular lymphocytes, lymphocytes, and mitosis (X 1440 ). 
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Narrow-bodied cells similar to the cell at the right in Fig. S were most 
similar to the myeloblasts of the marrow and to the lymphoblasts of acute and 
subacute lymphatic leukemias. These narrow-bodied immature lymphoid cells 
differ from lymphoblasts in that considerable aggregation of chromatin is pres- 
ent. However, cells of this type may lie encountered in the peripheral blood in 
acute and subacute lymphatic leukemias. It is assumed that these cells repre- 
sent immature lymphocytes, but their phase of maturity is such that it is not 
possible to determine whether they have been derived from reticular cells or 
from lymphoblasts. 

The stages occurring during the transition of reticular lymphocytes to cells 
which exhibit the characteristic morphology of the normal lymphocytes of the 
blood are numerous. The changes include a diminution in the cell size and in 
the size of both nucleus and cytoplasm. The nuclear chromatin becomes coarse 
and is arranged in heavy clumps of variable size. The latter stain deeply and 
tend to blend with the relatively sparse paraehromatin. The nuclear membrane 
is coarse and distinct •, nucleoli are not visible. The cytoplasm is colorless or pale 
blue and more hyaline in appearance. (Note lymphocytes in Figs. 18 and 3.) 

Comparison io Myeloblasls . — As has been stated, no isomorphs of the 
myeloblasts of human hone marrow were found in the imprints of human non- 
leukemic lymph nodes. There is, as is commonly recognized, a marked similarity 




Vig. 2'. — Histiocytic reticular cell, same as Fig. 2. 

”’;;7' Hernato P°ictic reticular cell, same as Fig. 7 
rig. 12'. — Reticular lymphocyte, same as Fig. 12. 
Fig. 14'. — Mjeloblast, same as Fig. 14 

<D ’”" — 
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between blast forms of all types, ancl the morphologic characteristics which 
distinguish the hematopoieteic reticular cell from the myeloblast are neither 
numerous nor prominent. Since both myeloblasts and lymphoblasts may he de- 
rived from reticular cells, morphologic evidence of the reticular derivation of 
either of these cells is sometimes present. The uniformity of nuclear structure 
in both myeloblasts and lymphoblasts might well be the result of repeated mitoses 
without subsequent differentiation. 

Tabic I is included in order to facilitate comparison of the morphologic 
characteristics most commonly encountered in hematopoietic reticular cells, 
reticular lymphocytes, large lymphocytes, and myeloblasts or lymphoblasts. 
These characteristics are, of course, simply average findings. 


Table I. Comparison* or Immature Lymphocytes With Laeok Lymphocyte a so Myeloblast 


Cell type 

Hematopoietic 

Reticular h-mplio- 

Large lympho- 

Myeloblast or 

reticular cell 

cyte 

cyte 

lvmphoblast 

Cell size 

2.'! by 19 micro 

20 by 17 micro 

14 by 12 micro 

It! by 15 micro 

Nuclear size 

17 by 14 micro 

10 by 13 micro 

11 by 0 micro 

14 by 13 micro 

Nuclear shape 

Round or ova! 

Round or oval 

Round or oval 

May' be irregular 

Nuclear pattern 
Chromatin 

Irregular 

Irregular 

1 rregular 

Uniform 

Staining 

Light reddish vio- 
let 

Reddish violet 

Purple 

Light reddish 
violet 

Nature 

Small particles of 

Similar to hemato 

Large angular 

Fine, sieve- or 


variable size; 

poietic reticular 

masses; only 

netlike; some- 

Pavaehvomatin 

chains; strands 
of granules 

cell but larger 
masses; more 
strands of gran- 
ules 

very few chains 

times granular 
or stippled 

Amouut and 

Abundant and 

Abundant and dis- 

Sparse and in- 

Not overly abun- 

nature 

very distinct 

tinct 

distinct 

dant but dis- 
tinct 

Staining 

Nucleoli 

Pale pink 

Pale pink to pale 
reddish violet 

Pale reddish vio- 
let to gray blue 

Pale pink 

Number 

Variable 

Variable 

Not visible 

Variable 

Diameter 

1 to 7 ini era 

1 to 7 micro 


1 to 3 micro 

Staining 

Pale blue 

Pale blue to blue 


Pale blue 

Shape 

Rounded or irreg- 
ular 

Rounded or irreg- 
ular 


Round or oval 

Character 

Indistinct 

Indistinct 


Distinct 

Nuclear mem- 

Fine, distinct 

Coarse, less dis- 

Coarser, less dis- 

Very fine, indis- 

brane 

Cytoplasm 

tinct 

tinct 

tinct 

Staining 

Gray blue to color- 
less 

Deep blue to col- 
orless 

Palo blue to col- 
orless 

Palo blue 

Character 

Mottled and flaky Mottled and flaky 

Usually homoge- 
neous 

Usually homoge- 
neous 

Vacuoles 

Common 

Common 

Uncommon 

Uncommon 

Azure granules 

Rare 

Rare 

Uncommon 

Common in my- 
eloblast; uncom- 


mon in lympho- 
blast 


Lymphocytogenesis in Animal Lymph Nodes . — Lymphoeytogenesis in hu- 
man lymph nodes was found to be remarkably similar to lymphocytogenesis in 
the nodes of rabbits and guinea pigs. In the hyperplastic bnt nonlenkemfe 
human nodes, hematopoietic reticular cells were, however, more numerous than 
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in the nodes of rabbits and guinea pigs. In the nodes of rabbits and guinea 
pigs, reticular lymphocytes, most of which possessed a more deeply basophilic 
cytoplasm than did the reticular lymphocytes of human nodes, were far more 
numerous than hematopoietic reticular cells, and mitoses were most, numerous in 
these reticular lymphocytes. No important morphologic changes were produced 
by mixing the cells from a rabbit’s lymph node with blood. 

Lymphocytogcncsis in Infectious Mononucleosis . — Lymphocytogenesis in in- 
fections mononucleosis resembled that seen in both the simple hyperplastic 
human nodes and the animal nodes. As would be expected, however, there was 
more evidence of active regeneration of lymphocytes in the nodes from infec- 
tious mononucleosis than in any of the other nonleukemic nodes. The following 
features were recognized: (1) Hematopoietic reticular cells and reticular 
lymphocytes were more numerous in many of the lymph nodes from infectious 
mononucleosis than in most of the other nonleukemic nodes, and reticular 
lymphocytes were far more numerous than hematopoietic reticular cells. (2) 
The cytoplasm of the immature cells seen in infectious mononucleosis generally 
showed pronounced basophilia, and in many of these cells the cytoplasm was al- 
most completely homogeneous. (3) Some of the extremely basophilic reticular 
lymphocytes appeared to function as precursors of plasma cells. However, trans- 
itions between these basophilic reticular lymphocytes (plasmablasts of Moesch- 
li n 23, 24) an( j ,] 1C Typ e i leukocytoid lymphocyte of Downey and McKinlay 1 " were 
also prominent. (4) Mitoses were more numerous in many of the lymph nodes 
from infectious mononucleosis than in any' of the other nonleukemic nodes. 
Many more mitoses appeared to occur in the reticular lymphocytes of the lymph 
nodes of infectious mononucleosis than in the reticular lymphocytes of the other 
nonleukemic nodes. (5) In the lymph nodes from infectious mononucleosis, 
transitions between the reticular lymphocytes and the leukocytoid lymphocytes 
of infectious mononucleosis were numerous, whereas such transitions were very 
rare in the other nonleukemic nodes. 


The bone marrow from one ease of infectious mononucleosis showed a rela- 
tive (29.5 per cent) and absolute lymphocytosis (myeloid-erythroid volume, 
1S.5 per cent). Hematopoietic reticular eells, reticular lymphocytes, and leuko- 
cytoid lymphocytes were numerous. All three of these 'cell types were morpho- 
logically distinct from the myeloblasts of this marrow. 

Lymphocytoycncsis in Chronic Lymphatic Leukemia . — Lymph nodes from 
two cases which exhibited the typical clinical and hematologic findings of chronic 
lymphatic leukemia were studied. The node from the first ease had been 
palpable for a long period of time; the node from the second case had become 
noticeable in a period of about three weeks. The former node was considered 
to be relatively static, and it, will be designated Node S; the latter was one which 
had undergone rapid growth, and it will he designated Node Cl. Each of these 
nodes showed in section preparations the characteristic features of chronic 
lymphatic leukemia. In Node G. however, reticular hyperplasia and mitoses 
were more prominent. 


T he imprint material from Nodes S and G showed such a striking lack of 
similarity that the relatively similar appearing sections from these two nodes 
socni cu almost iiu*oiupi*ohcTisil)lo. 
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Node S .showed an almost completely monotonous picture of large lympho- 
cytes. These lymphocytes had a nuclear pattern only slightly different from 
that of the large lymphocytes of. normal blood. The chromatin masses were 
neither as heavy nor as deeply stained as those of ordinary lymphocytes, and 
the parachromatin was more clearly visible than is that of normal lymphocytes. 
The cytoplasm was less abundant than that of most lymphocytes, but it was not 
as sparse as that of the lymphoblasts of acute lymphatic leukemia or as that of 
many of the myeloblasts of human nonleukemic hone marrow. The most prom- 
inent feature was not, however, tins slightly abnormal appearance of the lympho- 
cytes, for lymphocytes of this type can he found in almost any lymph node 
imprint. The striking feature was the lack of variation in cell type. Cells 
which appeared less differentiated than these large lymphocytes were present, 
but they were neither particularly numerous nor conspicuous. Some resembled 
the hematopoietic reticular cells and reticular lymphocytes of nonleukemic 
nodes, but most of them showed an even more striking clarity of nuclear detail 
than that seen in similar cells from nonleukemic nodes. Nucleoli, particularly, 
seemed more distinct.. Yet, none of the cells seen was identical with the myelo- 
blast (Figs. 14, 14' 15) of the bone marrow or with the lymphoblast (Figs. 16, 
16', 17) of acute lymphatic leukemia. All of the immature cells showed morph- 
ologic patterns interpreted as being indicative of their close relationship to 
reticular cells. 

Node G, in contrast, showed a picture which was completely lacking in the 
monotonous uniformity of cell type which was seen in Node S. Although all 
sizes of lymphocytes were present, the lymphocytic picture was overshadowed 
by tremendous numbers of cells many of which were almost identical to the 
hematopoietic reticular cells and reticular lymphocytes that occurred in the 
nonleukemic nodes. (Note, for example, the striking similarity of the largest 
cell shown in Fig. 19 to the hematopoietic reticular cell shown in Figs. 7 and 7'. 
Compare also the large cells in Figs. 5 and 19 ; both have large and irregularly 
shaped, indistinct nucleoli, and botli have vacuoles in both nuclei and cytoplasm. 
Finally, compare the mitotic figure in Fig. 19 with that in Fig. 11.) Many cells 
which were morphologically identical with the hematopoietic reticular cell in 
Figs. 7 and 7' were present in Node G. Everywhere throughout all of the im- 
prints of Node G hematopoietic reticular cells, along with intermediate stages 
between them and lymphocytes, and mitoses were numerous. In fact, one might 
compare the picture as a whole to one which could be produced by imprinting 
one mammoth germinal center. This degree of hyperplasia was not, however, 
encountered in any of the nonleukemic human or animal nodes. In imprints 
from Node G, as in those from Node S, there was a striking clarity of cytologic 
detail. Because it was suspected that this might be caused by some variation 
in technique, nonleukemic and leukemic nodes were stained simultaneously and 
in an identical manner. The resulting preparations showed that the method of 
staining was not the explanation for this phenomenon. 

The degree of reticular hyperplasia which was evident in Node G is consid- 
ered unusual for chronic lymphatic leukemia. Most of the nodes from chronic 
lymphatic leukemia which have been described and which are encountered in 
routine autopsy material show the monotonous uniformity of pattern seen^in 
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Node S of this report. In the ease from winch Node G was removed, neither 
the patients clinical condition nor his hematologic findings suggested an ex- 
acerbation of the leukemic process. The best explanation for the active re- 
generation of lymphocytes seen in the node seemed to be that the node had un- 
dergone recent rapid growth. 

Lymphocytogcncsis in Acute and Subacute Lymphatic Leukemias. Nymph- 
oblasts from acute lymphatic leukemias in which the peripheral blood smears 
showed large numbers of cells of this type are shown in Figs. 16, 16', and 17. 
These cells are very similar to the cells seen in the imprints of the biopsied 
lymph nodes studied by Stasney and Downey, 15 and they are also similar to many 
of the cells seen in the peripheral blood of their case. Since no lymph nodes 
from acute or subacute lymphatic leukemia were obtained during the course of 
this stud}', conclusions were based upon a comparison of the cell types seen in 
nonleukemic nodes with the lymphoblasts seen in the peripheral blood and in 
the bone marrow of cases of acute and subacute lymphatic leukemia and with 
the lymphoblasts seen in the imprints of the nodes studied by Stasney and 
Downey. 

The nonleukemie nodes did not contain cells morphologically identical with 
the leukemic lymphoblasts. The leukemic nodes and the peripheral blood 
smears and bone marrow smears from the various eases of acute and subacute 
lymphatic leukemias contained large numbers of lymphoblasts many of which 
could not be distinguished from myeloblasts. In addition, the smears from the 
acute and subacute leukemias also contained occasional hematopoietic reticular 
cells and reticular lymphocytes as well as immature lymphocytes with narrow 
cytoplasmic bodies similar to the cell at the right in Fig. 8. The latter type 
of cell can he found in relatively normal and in hyperplastic nodes, in the blood, 
nodes, and marrow of lymphatic leukemia, and also occasionally in the blood 
of normal children. 


REVIEW OF LITERATURE AND DISCUSSION 

Publications presenting detailed morphologic studies of lyniphocytogenesis 
as seen in both imprint and section preparations of surgically biopsied, human 
nonleukemic nodes have not been encountered. However, various investigators 
who have aspirated material from lymph nodes for diagnostic purposes have dis- 
cussed regeneration of lymphocytes in normal nodes. 

Fleischliaeker and Ivlima 25 stated that “In order to get a criterion about 
the morphology of normal lymph nodes, we punctured patients -with good avail- 
able but otherwise unchanged lymph nodes.” They found that smears of these 
norma] nodes showed predominantly ripe lymphocytes, but a few larger, less 
mature forms were present and were interpreted as lymphoblasts. They made 
a distinction between myeloblasts of myelogenous leukemia and lymphoblasts, 
but they made no distinction between the lymphoblasts of normal nodes and 
those of lymphatic leukemia. 

Tischendorf 25 confirmed some of the conclusions of the present study In- 
stating that the puncture of healthy nodes was hardly possible and by addin's 
hat when lymph nodes are large enough to he punctured, they are probablv 
pathologic. Tisehendorf, however, also described typical lymphoblasts in nodes 
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and claimed they were increased in number in hyperplasias and in leukemias, 
lie clarified his interpretation of the term lymphoblast by 'stating that in some 
leukemias, large cells with spongy nuclei containing intensively blue and distinct 
nucleoli, and whose protoplasm was delicate and often “fringed out,’’ could he 
seen. These cells may, according to him, he stem cells which may he derived 
from the capillary endothelium. Of particular interest was the fact that 
Tischendorf also discussed a case of chronic lymphatic leukemia from which 
the lymph node material showed large numbers of immature cells (his stem cells 
and lymphoblasts). In lymph aspirated from the nodes of infectious mononu- 
cleosis, he found cells two times the size of lymphocytes with fine nuclei which 
“lie in a deep dark blue cytoplasm.” These cells were regarded as charac- 
teristic cells of infectious mononucleosis which showed no resemblance to the 
immature lymphoid cells of relatively normal nodes. Tischendorf, like Fleisch- 
hacker and Klima, 25 considered myeloblasts and lymphoblasts ns morphologically 
distinct cell types. 

It is difficult to determine how much agreement there is between the pres- 
ent findings and those of the German authors. 2 '" 20 In the present study, the 
term lymphoblast is reserved, as it has been in the preliminary studies of lymplio- 
cytogenesis, for the immature lymphoid cell of acute and subacute lymphatic 
leukemias. The lymphoblast is considered to he a cell which is frequently 
morphologically indistinguishable from the myeloblast. Fleischhaekcr and 
Klima 23 and Tischendorf 20 claimed separate identity for myeloblasts and lympho- 
blasts. but they found lymphoblasts in normal as well as in leukemic nodes. 
Although Tischendorf claimed that the immature cells of infectious mononucleo- 
sis bore no resemblance to the immature cells of relatively normal nodes, it seems 
extremely likely that the cells which lie observed in infectious mononucleosis 
would correspond to the hematopoietic reticular cells and reticular lymphocytes 
of the present report. As has been previously discussed, the immature lymphoid 
cells of infectious mononucleosis are, except for more intense cytoplasmic 
basophilia, almost identical to those seen in other hyperplastic nodes. 

Moesclilin, 24 in his report on a study of three cases of infectious mononu- 
cleosis in which lie studied aspiration material from lymph nodes, hone marrow, 
and spleen as well as the blood, showed that much of bis work confirmed the 
previous work of Downey and Stasncy.” However, in this paper and in a 
previous work on lymph node aspiration material from rubeola, 23 Moesclilin 
described two immature cells which he felt were specific cell types. The first 
of these cells was the plasmablast, and since he could see transitions between 
this cell and plasma cells, he felt that it was much more likely that the plasma 
cells formed in lymphatic tissue were derived from this plasmablast than from 
lymphocytes. As nearly as can be determined from his descriptions and bis 
Fig. 4, a, 2 ' Moesclilin ’s plasmablast appears to correspond to some of the un- 
usually basophilic hematopoietic reticular cells and reticular lymphocytes seen 
in the present investigation. 

In view of Moesclilin ’s hypothesis, however, nodes of all types were studied 
in an effort to determine whether the large reticular elements should be consid- 
ered as plasmablasts. Transitions between reticular lymphocytes and plasma 
cells were encountered, but transitions betweeen lymphocytes and plasma cells 
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were also often seen in nodes where no cells resembling the plasmablasts of 
Moeschlin could be found, and cells corresponding well with his plasmablast were 
found in nodes which contained few or no plasma cells. Therefore, in spite 
of Moeschlin s excellent figures, it does not seem correct that he designate the 
extremely immature hematopoietic reticular cell as a specific plasmablast and 
ignore the fact that this cell may function as a parent cell for all the lymphatic 
elements of the nodes, including plasma cells. (Note plasma cell in I" ig. 3.) 

The second immature cell type was Moeschlin ’s 24 lymphatic monoblast. 
This cell (his Fig. 5, 1), which occurred in increased numbers in infectious mono- 
nucleosis appears to correspond to the reticular lymphocytes of the present in- 
vestigation. Moeschlin called it a lymphatic monoblast because transitional 
stages occurred between it and a lymphatic cell (which showed an indented 
nucleus and coarser chromatin), the lymphatic monocyte. The latter cell cor- 
responds to Downey and McKinlay 's' 3 leukocytoid lymphocyte, Type I. Here, 
again, terminology is confusing. Moeschlin s term lymphatic monoblast is an 
acceptable descriptive term, for certainly some of the leukocytoid lymphocytes 
of infectious mononucleosis resemble monocytes and might be called lymphatic 
monocytes. However, cells entirely similar to Moeschlin 's lymphatic mono- 
blasts (reticular lymphocytes of the present investigation) were numerous in 
nodes which were hyperplastic but which showed almost no lymphocytes with 
indented nuclei resembling the lymphatic monocytes of Moeschlin. 

Although Moeschlin agreed with Downey and Stasney 14 that the majority 
of young cells in the nodes of infectious mononucleosis should not be called 
lymphoblasts, he found lymphoblasts in normal and in other nonleukemic nodes. 
It is difficult to determine just what type of cell his lymphoblast (Fig. 7, d 23 ) 
actually is. His figure showed a cell approximately 17 micra in diameter with 
a narrow rim of cytoplasm and prominent nucleoli, but with relatively coarse 
chromatin. Although no cells identical with Moeschlin 's lymphoblast were seen 
in the nonleukemic nodes studied, cells of about the same size, with relatively 
coarse chromatin and with nucleoli, were occasionally seen in the poorly pre- 
served parts of the imprints. In these same areas, it was often possible to see 
nucleoli in lymphocytes of all sizes. Because the morphologic picture seemed 
to be one due to damage and distortion, cells of this type were not included in 
the present study. 


Although literature dealing with lymphocytogenesis in human nonleukemic 
nodes is sparse, there is a voluminous literature (the produet largely of studies 
of animal or leukemic material ) in which numerous authors express their views 
of the fundamentals of hematopoiesis. Downey discussed the early literature 
in 1927" and in 1938.” In a more recent publication, 43 it was again assumed 
that lymphocytogenesis in human nonleukemic nodes might closely parallel that 
seen in the nodes of rabbits and guinea pigs, and the discussion included in that 
report considered the various theories proposed for regeneration of lymphocytes. 
Since the results of the present investigation support the conclusions drawn in 
that study, uo similar discussion will be included here. 


A few points, however, require further clarification. The introduction 
ot new terms into a science already encumbered by terminology is not desirable. 
* l yi 'ocursoi's of lymphocytes obviously are lymphoblastic in function, but 


mi- 


790 


SITNUHIcmi 


fortunately the term lymphoblast has been used in the past and is used in pres- 
ent-day clinical hematology to identify the most prominent lymphoid cell found 
in the blood in acute and subacute lymphatic leukemias. Most hematologists 
recognize the marked similarity of lymphoblasts and myeloblasts. Since cells 
conforming in morphology to the common conception of the term lymphoblast 
were not found in the nonleukemic nodes, it seems unwise to emplo 3 r the name 
fymphoblast in any discussion of normal lymphoeytogcncsis. In an earlier 
publication, 12 lymphocyte regeneration was reconstructed as proceeding from 
undifferentiated reticular cells to reticular lymphocytes either directly or through 
a blast stage called the hematopoietic reticular cell or hcmohislioblast. Mitoses 
were found to he most numerous in cells which appeared to he either hemato- 
poietic reticular cells or reticular lymphocytes. Numerous transitional stages 
occurred between these two cell types, and the transition to ordinary lympho- 
cytes was also a gradual one. 

The problem is, for the most part, one of academic importance. However, 
in many instances an understanding of lymphoeytogcncsis is extremely valuable 
from a diagnostic standpoint. Various conditions are associated not only with 
peripheral lymphocytosis but also with the presence of a small percentage of 
immature lymphoid cells in the peripheral blood. These conditions are consid- 
ered lymphatic reactions, reactions in which occasional normal immature 
lymphoid cells, reticular lymphocytes, enter the circulation. Reticular lympho- 
cytes have been encountered in infectious mononucleosis, brucellosis, infectious 
hepatitis, some acquired hemolytic anemias, and in conditions in which there 
was pronounced eosinophilia. Because reticular lymphocytes may contain 
nucleoli and may exhibit a fine nuclear pattern (Figs. 12, 12', 13), they are 
sometimes mistaken for lymphoblasts, and erroneous diagnoses of lenkema are 
made. When it is understood that these reticular lymphocytes are merely im- 
mature lymphoid cells which may occur in any hyperplastic lymph node and 
which, when in the peripheral circulation, are usually simply the result of a 
benign left shift in lymphocytopoiesis, many of the problems of diagnosis will 
be simplified. 

One noteworthy exception exists. In most chronic lymphatic leukemias, 
immature lymphocytes were not numerous in the peripheral blood. When im- 
mature cells were present, they were more similar to the reticular lymphocytes 
of infectious mononucleosis and of human nonleukemic nodes than to the lympho- 
blasts of acute leukemias. In fact, as has been stressed elsewhere, 22 there are 
cases of chronic lymphatic leukemia in which the peripheral blood so closely 
resembles that of some cases of infectious mononucleosis that a differential diag- 
nosis on the basis of an examination of the blood smear is not always possible. 
The findings of reticular hyperplasia in node G is, therefore, not surprising; it 
serves merely to clarify previous impressions. Data available at the present time 
suggest that in chronic lymphatic leukemia, lymphocytogenesis closely parallels 
that seen in nonleukemic nodes. The clarity of morphologic detail in both 
mature and immature cells is, however, striking in many cases. It is possible 
that this clarity is the result of frequent mitoses with the production of enormous 
numbers of almost identical cells. 
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The presence o£ Ivuvphobhists in acute and subacute lymphatic leukemia and 
their absence in nonlcukcmic nodes is difficult to explain. Since they were not 
found in the present investigation, it is assumed that they do not occur in sig- 
nificant numbers in nonlcukcmic nodes. Transitional stages between the reticu- 
lar lymphocytes of nonleukemic nodes and normal lymphocytes are often 
morphologically identical with transitional stages between lymphoblasts and nor- 
mal appearing lymphocytes. Only the immature cells differ'. That reticular 
cells may differentiate to lymphoblasts which undergo numerous mitoses and 
little if any differentiation is one explanation of the phenomenon. 15 It appears 
to he a very likely explanation, for in nodes, marrow, or blood from subacute and 
acute lymphatic leukemias, a few cells which show evidence of reticular origin 
can almost always he found. 

Transitional stages encountered in this study can he organized into a 
diagramatic type of working hypothesis (Table II). 

Table II, Lympiiocvtogf-xesis 


Lymph Kode 


Undifferentiated Reticular Cell 



SUMMARY 

Relatively normal human lympli nodes, like the normal lymph nodes of 
rabbits and guinea pigs, do not contain cells morphologically identical with the 
myeloblasts of the bone marrow. The immature lymphoid cells (hematopoietic 
reticular cells and reticular lymphocytes) which are the progenitors of Ivmpho- 
cytes are morphologically distinguishable from myeloblasts. On this basis it 
can he said that morphologic and functional dualism exists in normal adult 
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hematopoiesis; t lie hematopoietic reticular eel! functions as a stem cell for 
lymphocytes, and the myeloblast functions as the stem cell for myeloid elements. 

The results of the present investigation indicate that this condition pre- 
vails except in some eases of acute and subacute lymphatic leukemias where cells 
called lymphoblasts, many of which arc morphologically indistinguishable from 
myeloblasts, occur in the blood, the lymph nodes, and the bone marrow. 
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TIIE CLINICAL SIGNIFICANCE OF CELLULAR GIGANTISM 
IN HUMAN ERYTHROPOIESIS 


Lawrence Berman, M.T). 
Detroit, Mich. 


P LURINUCLEAR erythroblasts and pluripolar mitoses among erythroblasts 
in megaloblastic erythropoiesis have been described by a number of au- 
thors. 1 - T - 1! *> 20 On the other hand, their occurrence in nonmegaloblastie 
erythropoiesis, which has been mentioned or illustrated by a few au- 
thors, 1S - 12 - 15 > 10 - 20 is considered to be very unusual. 3 ’ 13 In 1943 Limarzi and 
Levinson 13 reported a case in which they found what was considered to be a 
hitherto undescribed type of erythropoiesis in human sternal marrow. Tnis was 
characterized by the formation of giant erythroblasts, giant plurinuclear erythro- 
blasts haring- two or more nuclei, giant erythroblasts with lobulated nuclei, and 
abnormal mitoses with three or more poles. The erythroblasts appeared to be 
neither megaloblastic nor normoblastic ; they were so abnormal and large that 
they were called gigantoblasts. The authors regarded the changes as irreversible 
and indicative of a cancerous process and proposed the terms erythroma or 
erythroblastoma. In 1944 Schleicher 10 reported two cases with similar atypical 
erythroblasts, chiefly of orthoehromic type. He regarded them an expression of 
defunct reticulum, thereby implying that the changes were terminal or ir- 
reversible. Recently, Schwarz 20 reported a study of the question of cellular 
gigantism in human hematopoiesis based on observation of sternal marrow 
smears; he summarized the occurrence of giant plurinuclear erythroblasts and 
pluripolar mitoses among erythroblasts as phenomena independent of the type 
and condition of hematopoiesis. He concluded that gigantism does not depend 
on a morbid condition of erythropoiesis since it occurs in normal as well as in 
pathologic marrow-s. A somewhat contrary view regarding the significance of 
plurinuclear erythroblasts is expressed by Leitner 13 who states that atypical cell 
divisions are present mostly in serious disorders and are found in large numbers 
only in severe liemopathies. 

In this laboratory we have observed a fairly regular appearance of pluri- 
nueleav erythroblasts in both normal and pathologic marrows, exclusive of the 
megaloblastic marrows in which it is generally agreed that these changes are 
common. In view of the alleged rarity of these conditions in nonmegaloblastie 
marrows (Limarzi aud Levinson 15 ) in contrast to its commonly observed occur- 
rence in our experience and that of others (Schwarz 20 and Leitner 13 ), and the 
divergence of opinion regarding their proper interpretation, it is desirable that 
material ho reviewed for the purposes of shedding light on the following: (1) 
the incidence of the phenomena under question in normal and pathologic mar- 
vow -s. ( 2) the question of the reversibility of the changes, (3) the question of 
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whether or not tlie changes arc ol agonal or lorjuinal nature, (4) the question of 
u’hether or not eiythropoicsis of the peculiar type here considered represents a 
new, different, or cancerous form of development, and (5) the presentation of 
data which may aid in the eventual interpretation of the clinical significance of 
such findings. For these objectives it is essential that cases for study arc selected 
because of a significantly high incidence of plurinuclear erythroblasts, that more 
than a single marrow examination be available during life, and that none of the 
patients be in a terminal or agonal state. These criteria are fulfilled by the eight 
eases with pathologic marrows to be described in detail. In addition, control 
studies were carried out on eight normal individuals. 

MATERIAL AND METHODS 

The eight pathologic cases selected included one patient each with pernicious anemia, 
anemia associated with chronic blood loss, lymphoblastoma, monocytic leucemia, congenital 
hemolytic anemia before and after splenectomy, idiopathic thrombocytopenic purpura before 
and after splenectomy, cirrhosis of the liver, and acute hepatitis. The eight normal indi- 
viduals selected for the control studies were healthy white nmlcs whose ages ranged from 
IS to 53 years. They were chosen on the basis of their having had no serious illnesses and 
of having a sense of well-being, normal hematologic, chemical, and metabolic findings includ- 
ing the following: erythrocyte, leucocyte, platelet and reticulocyte counts, differential counts 
of leucocytes, bleeding and clotting times, capillary fragility, prothrombin and blood urea 
nitrogen levels, liver function tests, urinalyses, sedimentation rate, basal metabolic rate, 
electrocardiogram, stereoscopic chest x-ray, and thorough physical examination. In each 
case the sternal marrow was obtained, prepared, and examined by the methods previously 
described as routine for this laboratory.* Differential counts of the nucleated cells in the 
smears were based on examination of a minimum of 1,000 cells. 

The age range of the control cases is not identical with that of the eight pathologic 
cases studied, but it is felt that they form a homogeneous age group with regard to sternal 
marrow findings, since Jacobsen 's» study of bone marrows in seventy normal individuals 
ranging in age from 15 to 93 years reveals no significant variation duo to differences of age. 
Furthermore, the fact that all the normal individuals in the control series arc males does 
not detract from its reliability, since Segerdahl V» study of normal myelograms of G1 adult 
males and 49 adult females of comparable ages revealed only very slight variations in the 
myelograms due to difference of sex. 


TERMINOLOGY 


It lias been pointed out that the phenomena of plurinuclcarity and pluripolarity of 
mitosis are seen in both leucocytes and erythroblasts* of the sternal marrow. 13 . The present 
study is confined to the interpretation of these changes affecting erythroblasts. In the papers 
already cited, various terms have been used to denote the abnormal erythroblasts. Limarzi 
and Levinson refer to a very largo uninuclear precursor of the abnormal cells and the large 
plurinuclear erythroblasts as giant erythroblasts and gigantoblasts after Ehrlich and Lazarus. 0 
Schleicher refers to the large plurinuclear orthochromic cells as giant orthochromic erythro- 
blasts. Sclnvarz described binucleated and plurinucleated erythroblasts and pluripolar 
mitoses. His descriptions and illustrations clearly indicate the identity of these forms with the 
plurinuclear cells and pluripolar mitoses described by the other authors. In our material, all 
types of plurinuclear erythroblasts as well as those with lobulated nuclei described by tlie 
other authors are represented, although, as will be shown, examples of such cells at the 
proerythroblast or orthochromic levels are very rare in normal marrow. 


t „ rm prvthroblast as used herein denotes any nucleated red cell which may undergo 
saturation clmnges from proerythroblast through basophilic, polychromatophilic, and ortho- 
chromic stages before final denucleation. 



CLINICAL SIGNIFICANCE 01' CKLLULAR GIGANTISM IX HUMAN KUYTHUOPOII-SIS 


795 


MORPHOLOGY OP PLUIilXUCLIIAK KRYTIIROBLASTS ANIJ PLURIPOLAR MITOSIS AMONG 

HRYTIIROBLASTS 

Limarzi and Levinson described three main types of abnormal erythropoiesis. 
In the first type, a giant uninuclear crvthroblast gave origin to plurinuclear cells 
by a series of multiple and complicated mitotic divisions without cytoplasmic 
division. The second type was characterized by a process of folding, indenta- 
tion, lobulation, and constriction of the original nucleus so that eventually several 



1. — Case 1. 

2. — Normal. 

3. — Case 1. 

4. — Case 2. 

5. — Case l. 
C.- — Case 7. 
7, — Case 2. 

microns. 

S. — Case 1 . 

microns. 

9. — Case l. 
microns. 


Binuclear proerythroblast 17 x 33 micions. 

Bi nuclear pol> chromatophilic ervthroblast 21 x 29 micron® 

Trinuclear early basophilic erythroblastic x 36 mfcrons 
Trinuclear proerythroblast 23 x 27 microns microns. 

Trinuc'f' 1 ’- — ’ - >• . _. 

Sesnui, ■ ■ . microns. 

Late . ■■ ■ ’ ■ . ■ Oblast 21 x 26 microns. 

tMth many nuclear masses 21 x 36 

Orthochromic erythroblast with many nuclear masses Omryorrhexls ?) 23 x 3T 
Late polychromatophilic erythroblast With fused or lobulatcd nuclei 20 x 30 
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independent nuclei were produced in a single cell. The third type was char- 
acterized by complete or incomplete complicated amitosis without cytoplasmic 
division In Schwarz’s material, examples of all these forms are desciibed and 
illustrated. The giant ortlioclnomic eryl hi oblasts in Schleicher’s mat anal had 
diameters ranging 1'iom lo.S to 39.6 mieions. The nuclei were either lolmlatcd, 
fragmented, or consisted of fiom five to eight deeply staining masses of irregular 
size. 



Plat f II 


10 — -Case 1 Basophilic eijthroblast with lobul ited nucleus 17 2S nncions 

11 — Case 1 Orthochiomic eijthroolast with lobulated nuclei and accessory nucleai 
misses (kaoonhexis V 21 x 27 microns 

12 — Case 1 Incomplete cjtokinesis in bmuclear pioei j throblnst 17 x 40 microns 

j[3 Case 2 Incomplete cjtokinesis in quidimucleai earlj basophilic crjthroblast 25 x 37 


imcions Q aSe 2 Incomplete cjtokinesis in two binuclear basophilic ervthi oblasts 

25 Case 1 Tripolai mitosis with abeirant chromosomal mass m basophilic er\ thi oblast 

23 x 2 Quadnpolar mitosis with abenant chromosomal mass in polj chiomatophihc 

erj throblast 19 x piuripolar mitosis in poljchromatophilic erthroblast 20 x 27 microns 

2g Case 1 Plunpoiar mitosis with at least 7 asters in late polj r chromatophilic erjthro- 

blast 20 x 2S microns 
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The published detailed descriptions and illustrations of plurinuolear cells 
and pi uri polar mitoses 1 "’ 17 ' 1 ' 1 ' 20 in both megaloblastic and nonmcgaloblastic 
marrows are very complete and require little elaboration. In Plates I and II 
are illustrated examples of such cells from one normal and three pathologic cases 
in our material. Examples from a case of pernicious anemia are omitted because 
of the general agreement as to their common occurrence in that disease. The 
identity of the cells illustrated and those represented by others is clear. It is 
of special interest that the condition of plurimiclearity in our material did not 
interfere with the relative progress of nuclear and cytoplasmic maturation. 
With very few exceptions, plurinuclear cells with basophilic erythroblastic nuclei 
were found to have cytoplasm characteristic of that maturation level. Similar 
normal relationships were observed in the polychroniatophilic and orthochromic 
levels. These findings are in agreement with those of Schwarz whose study indi- 
cates that plurimiclearity does not interfere with the development and func- 
tional activities of the erythvohlasts. Furthermore, the type of maturation and 
the morphologic forms of both nuclei and cytoplasm in the plurinuclear cells, 
in every instance, conformed to that of the prevailing type of crythopoiesis. In 
the normoblastic marrows (Cases 2, 4, 5. 6, 8, in addition to all normal eases) 
the plurinuclear cells had nuclear and cytoplasmic characteristics entirely similar 
to those of the remaining uninuclear normoblasts : in the megaloblastic marrow 
(Case 3), not only did the nuclear and cytoplasmic characteristics of the plurinu- 
tdear cells conform to that of the megaloblasts which predominated, but the rela- 
tive rates of maturation of nuclei and hemoglobinization of cytoplasm were 
characteristic of the cells of the megaloblastic line, as described elsewhere. 3 In 
two instances (Cases 1 and 7) erythropoiesis involving the uninuclear erythro- 
blasts could not be identified as either normoblastic or megaloblastic. The 
erythr oblasts were classified as dysplastie, being somewhat intermediate in 
morphology between normoblasts and megaloblasts. In these marrows the 
plurinuclear erythroblasts and the remaining uninuclear erythroblasts had 
similar morphologic features. The sizes of the giants were approximate mul- 
tiples of those of the corresponding stages of the uninuclear cells, roughly 
directly proportional to the amount of nuclear material, that is. the number 
of nuclei in eacli cell. 

INCIDENCE OF PLURINUCLEAR ERYTHROBLASTS IN NORMAL HUMAN 
STERNAL MARROW 

The literature does not contain statistical data concerning the incidence of 
plurinuclear erythroblasts or pluripolar mitoses among erythroblasts in normal 
human sternal marrow. Limarzi and Levinson stated that the occun-ence of 
normal bipolar and pathologic multipolar mitosis of erythroid cells in the same 
marrow is an unusual findimr in the adult. Schwarz stated that giaantism 
occurs m normal as well as in pathologic marrows, and also that he repeatedly 
encountered pluripolar mitoses in normoblastic regeneration, even in normal 
marrows. The myeloid icvythvoid ratios and incidences of plurinuclear ervth 
romnris in normal individuals arc shown in Table I. 

Th»* plintoijiicroirrnnlK wem nroim »» . 
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TABLE I. MYELOID :ERYTJIR01D ItAUOS AN1> INCIDENCE OF PLURINUCLKAK ErYTHROBI.ASTS 
in Sternal Marrow of Normal Individuals 


CASE 

ACE 

m : r. ratio 

PNE(O/ ()0 ) 

TOTAL EH II 

1 

is 

3:1 

5.0 

13,0115 

2 

oo 

2:1 

2.0 


3 

24 

2:1 

2.2 

5,011 

4 

30 

2:1 

1.2 

5,000 

5 

31 

2:1 


5,005 

6 

3G 

2:1 

2.S 

5,014 

7 

45 

2:1 


5,003 

S 

53 

2:1 

0.1 

10,051 


M:E ratio. Myeloid: erythroid ratio. 

PNE (°/m) , number of plurlmiclear erythrohlasts per 1,000 uninuclear erythroblnsts. 

Total ERE, number of erythroblnsts examined. 

•The myeloid: erythtoid ratio represents the ratio of the number of leuocytes of myeloid 
origin, including monocytes, to the number of erythroblnsts in the smears. It must be poimca 
out that the value is relative, not absolute. A decreased M :E ratio is indicative of a relative in- 
crease of erythropoiesis or relative decrease of myeloid leuopolcsis. Tiie ratio cannot be useu 
to determine absolute increase or decieasc of erythropoiesis. However, our practice Includes 
the preparation of gross marrow units which are evaluated by the method suggested oj 
Schleicher.” In the presence of a cellular marrow with increased or normal frequency oi 
erythroblastic islands, as determined by examination of the histologic pnttern, a signMcanui 
lowered M:E ratio may be taken as a rough measure of the degree of acceleration or Increase 
of erythropoiesis. 

In the control series the incidences of plurinuclcar erythrohlasts vary 
from 1.0 to 5.1 per 1,000 uninuclear erythrohlasts. The myeloid :ervthroid 
ratios vary from 2:1 to 3:1. On the basis of the normal material available at 
present, it must be concluded that a myeloid :crythroid ratio significantly lower 
than 2:1 and an incidence of plurinuclcar erythrohlasts significantly greater 
than 5.1 per 1,000 uninuclear erythrohlasts arc to be regarded as abnormal. 
Furthermore, the presence of an appreciable number of pluripolar mitoses is 
abnormal, as indicated by the fact that in a total of 53,107 erythrohlasts in eight 
normal persons, not a single example of pluripolar mitosis was seen. In addition, 
no examples of high plurinuelearity, that is. cells with more than two nuclei 
were encountered in normal marrows. Finally, the differential distribution of 
the plurinuclcar erythrohlasts, represented in Table II, reveals the relative 
rarity of plurinuelear pronormoblasts and plurinuclcar orthochromic normo- 
blasts. It is noteworthy that the differential distribution of the plurinuelear 
cells is similar to that of the normoblasts in general in normal individuals. 


Table II. Differential Distribution of Plurinuclear and 
Uniclear Normoblasts in Normal Human Sternal Marrow 



PNE 

UNE 

Total cells examined 



Pronormoblasts 

i% 

2% 

Basophilic normoblasts 

21% 

11% 

Polychromatophilic normoblasts 

71% 

SG% 

Orthochromic normoblasts 

1% 

1% 


PNE, plurinuelear erythrohlasts. 
UNE, uninuclear erythrohlasts. 


One must conclude that the alleged rarity of pluripolar mitoses among 
erythrohlasts in normal sternal marrow is an actuality, whereas the alleged 
rarity of plurinuelear erythrohlasts must be explained on the basis of their 
having been overlooked in routine examination of marrow smears, due to their 
relatively small incidence. 
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incidence of plurinuclear erythroblasts and fluripolar mitoses among 

ERYTHROBLASTS IN PATHOLOGIC HUMAN STERNAL MARROWS 
Limarzi and Levinson present data indicating the incidence of cells classified 
as atypical erythroid cells, which we assume to represent the giant erythro- 
lilasts in their material, as G3.8 per 1,000 typical erythroblasts.® Only one 
study was available during life. Schwarz does not offer statistical data 
regarding the incidence of plurinuclear cells. It is stated, however, that one 
case of myeloblastie leucemia was "quite outstanding in the degree and the 
frequency of the abnormality in question.” 20 Schleicher gave the ratio of giant 
ortlvochromic erythroblasts to late pronormoblasts as 4 to 1 in one case, and 
he recorded tlie ratio of giant orthoehromic erythroblasts to early and late 
basophilic erythroid cells as 3 to 1 in his second case. He did not discuss the 
significance of these ratios. 

The incidences of plurinuclear erythroblasts in our pathologic marrows are 
shown in Table III. They vary from 16.0 to 159.6 per 1.000 uninuclear eryth- 
roblasts in the initial studies. Obviously, these data do not reflect the actual 
incidence of plurinuclear cells in pathologic marrows, since no attempt was made 
to survey all of our material. It can be stated, however, that rapid scanning 
of several slides with the low-power objective suffices for the discovery of such 
cells in bone marrow concentrate smears in which their frequency is in the 
neighborhood of 30 per thousand erythi’oblasts. They are easily noticed because 
of their large size. Plurinuclear erythroblasts easily may he overlooked in 
normal marrow smears because of their infrequent occurrence. On the other 
hand, it is difficult to understand how plurinuclear erythroblasts can be over- 
looked in pathologic marrows, especially in instances of increased erythro- 
poiesis, since they are frequently present in our material and that of others. 13 ’ 20 
In Cases 1, 2, and 3 with incidences of 159.6, 99.2, and 52.8, respectively, the cells 
were so numerous that the smears presented a striking pathologic picture on 


Table III. Incidences of Plurinuclear Erythroblasts, Myeloid :Erythroid ratios and 
Erythrocyte Counts in Pathologic Human Sternal Marrows 


case 


DIAGNOSIS 


1 Lymphoblastoma (I) 

2 Chronic hemorrhage 

0 Pernicious anemia 

1 Hepatitis 

5 Congenital hemolytic anemia 

6 Cirrhosis of liver 

7 Monocytic leueemia 

S Thrombocytopenic purpura 


pne(Q/ 00 ) m :E RATIO 


I’NE(°/«9. number ot plurinuclear 
M:E ratio, myeloid -.erythroid ratio 
TVR C - erythrocyte count in millions 

•Calculated from their data. 


First Study 

150.6 

1:1 

Second study 

13.S 

1:1 

First study 

99.2 

1:1 

Second study 

5.4 

1:2 

First study 

52.S 

1:2 

Second study 

4.4 

2:1 

First study 

35.S 

1:1 

Second study 

6.0 

3:1 

First study ' 

32.0 

1:2 

Second study 

5.2 

7:1 

First study 

23.0 

1:1 

Second study 

6.0 

7:1 

First study 

18.S 

2:1 

Second study 

22.0 

2:1 

First study 

10.0 

1:2 

Second study 

3.S 

2:1 


RBI' 


erythroblasts per l.uno uninuclear erythroblasts. 
per cubic millimeter of blood. 


1 .84 
2.34 
1.30 
1.40 
0.73 
3.63 
3.17 

4.00 
1.13 
4.33 
2.52 
3.S0 

2.00 
2.21 
2.20 
4.42 
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first inspection. Tiie pathologic marrows also afforded excellent opportunities 
for examination of pluripolar mitoses (see individual case reports). 

ON THK QUESTION OF TIIE TERMINAL NATURE OF THE PHENOMENON* OF 
PLURINUCLEAR OF FRVTHROIU.ASTS 

Schleicher’s observation of two cases with giant orthochromic erythro- 
blasts in patients with terminal illnesses, and Limarzi and Levinson’s single 
case with terminal disease cannot he accepted as evidence of the terminal nature 
of the findings, since our series includes several cases showing an abnormal 
incidence of plurinuclear ervthroblasts with clinical recovery (Table HI). 
It is essential that serial marrow studies be made on patients exhibiting the 
change so that remission from the underlying clinical disease with a con- 
comitant disappearance of the condition of plurinuclcarity may not he over- 
looked. 

ON TIlE QUESTION OF IRREVERSIBILITY AND CANCEROUS NATURE OF THE CHANGES 

Some authors’ ,!1 have considered the phenomenon under discussion to 
represent an irreversible change in the marrow or an indication of a defunct 
reticulum. As has been pointed onf, the marrow pattern, in so far as erythro- 
poiesis is concerned, may revert to normal after exhibiting a temporary period 
during which plurinuclear cells may lie formed. The data already presented 
are evidence in favor of the concept of the reversibility of the lesion. The 
belief that the lesion is of cancerous nature 1 ® is partly based on the assumption 
that the changes are irreversible. Furthermore, it has been stated that bipolar 
mitosis and multipolar mitosis of erythroid cells in the same marrow is an 
unusual finding in the adult.’® Our data do not conform to cither of these 
assumptions. According to Schwarz, pluripolar mitosis docs not represent a 
more fertile type of regeneration, as suggested by Limarzi, Jones, and Levinson, 1 * 
nor is his material in accord with a biologic transformation akin to neoplastic 
deviation as assumed by these authors. 

Although Schwarz does not present serial marrow studies on his eases show- 
ing plurinuclear erythroblasts, he concludes, largely oil the basis of experimental 
evidence, that once normal conditions are restored the plurinuclear erythroblast 
tends to divide into as many daughter cells as there were nuclei formed by the 
preceding karyokinesis. The experimental work of Chambers, 4 cited by Schwarz 
as evidence for the reversibility of the phenomenon of suppressed cytokinesis, 
is based on the observations of sea-urchin eggs subjected to hypertonic sea 
water and later replaced in sea water, late amphiastcr eggs placed in 2 y 2 per 
cent ether solution in sea water and replaced within five minutes in sea water, 
late amphiaster eggs subjected to contact with V/» to 2 per cent ether solutions 
in sea water or hypotonic solutions, and amphiastcr eggs subjected to mechanical 
agitation. The following case reports are presented as evidence of reversi- 
bilitv of the changes under question in patients with clinical disease. 

CASE REPORTS 

Case 1. A white woman, aged (55 years, stated that she felt well until December, 194-1, 

when she began to experience weakness, malaise, dyspnea, and weight loss. The pnlj^ sig- 
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nificant findings on physical examination were enlarged liver and spleen. The edge of the 
liver was 5 cm. below the costal margin and the inferior border of the spleen extended below 
the umbilicus. On March S, 1946, the initial blood studies showed: erythrocytes, 1.S4 
millions per cubic millimeter; hemoglobin, 7.7 grams per cent; reticulocytes, 1.5 per cent; 
leucocytes, 1,900 per cubic millimeter; platelets, 01,000 per cubic millimeter; mean corpuscular 
volume, 109 cubic microns; mean corpuscular hemoglobin, 42 micromicrograms. The dif- 
ferential distribution of the leucocytes was: band form neutropliiles, 19 per cent; poly- 
morphonuclear neutrophiles, 21 per cent; monocytes, 23 per cent; lymphocytes, 3S per cent. 

The bone marrow studv revealed hvpcrcellular marrow with marked increase in the 
frequency of erythroblastic islands as observed by inspection of gross marrow units 
(Schleicheris), The myeloid :erythroid ratio was 1:1. Erythropoiesis was atypical, char- 
acterized by the presence of dysplastic ervthroblasts having a superficial resemblance to 
megaloblasts because of their large size and relatively vesicular chromatin networks in the 
nuclei. There were also numerous plurinuclear ervthroblasts which were present in a 
frequency of 159.6 per thousand uninuclear ervthroblasts (Table III). Myeloid leucopoiesis 
was relatively reduced, with band form neutrophiles predominating. Megakaryocytogenesis 
was reduced. There were 49 per cent lymphocytes. Numerous monoevtoid cells recently, 
derived from reticulum appeared in isolated instances and in syncytial masses with, two to 
four nuclei. These resembled cells the author had previously encountered in imprints of lymph 
nodes from cases of reticulum cell type of lymphoblastoma, and they recall Schleicher’s 
description of monoevtoid reticulum cells in his Case 1, proved at autopsy to be reticulum cell 
sarcoma. The blood and marrow findings were summarized as macrocytic hyperchromie 
anemia, neutropenia, thrombocytopenia, probable reticulum cell type of lymphoblastoma with 
involvement of bone marrow, liver, and spleen, and accelerated dysplastic erythropoiesis with 
increased frequency of plurinuclear ervthroblasts. In addition, there were numerous exam- 
ples of pluripolar mitoses among ervthroblasts (Plntes I and II). Their incidence was 9.6 
per thousand ervthroblasts. 

The patient received transfusions, vitamin B,. and oral folie acid. After twenty days, 
the appetite had returned and she began to gain weight and strength rapidly. On May 12, 
1946, the blood study showed: erythrocytes, 2.11 millions per cubic millimeter: hemoglobin, 
o.o grams per cent; reticulocytes, 15.8 per cent; leucocytes, 3,000 per cubic millimeter; mean 
corpuscular volume, 107 cubic microns; mean corpuscular hemoglobin, 26 micromierograms. 

The bone marrow study revealed hypercellular marrow, as previously. The myeloid: 
ervthroid ratio was 1 : 1. The most significant change from the previous myelogram was a 
reduction in the incidence of plurinuclear ervthroblasts from 159.6 to 13.S per 1,000 
uninuclear ervthroblasts (Table III). There were only 2.4 per 1,000 pluripolar mitoses in the 
second study. 

Comment . — The ease demonstrates the variability- of the frequency of 
plurinuclear ervthroblasts and pluripolar mitoses in a single patient. It is 
noteworthy that the reduction in their incidences occurred with improvement 
of the clinical condition of the patient and a reduction of the severity of the 
anemia. To he sure, the second study revealed that the changes were still present 
m a degree significantly greater than normal ; but in view of the probability that 
the patient has a neoplastic disease affecting the liver, spleen, and hone marrow, 
the failure of the abnormality of erythropoiesis to disappear completely is to 

he expected. Furthermore, erythropoiesis was still accelerated at the second 
examination. 


A ' K 7' , A u-'ycur-old white man was admitted to the hospital June 3 3040 , v :.i, .. 
history of dyspnea, weakness, tarry stools, and occasional vomiting. Three’ week’s W ore 

( r i T°T atCl - V 2 PintS) 0f a shellac 

0 -lgruticant findings were marked pallor, firm and bireK- n-dr.-.v.-u v , 

severe thrombosed and Mp-wiw 1 1 • , oaren palpable liver, and 

and bleeding hemorrhoids. Tlie serologic tests f ar syphilis were positive. 
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The stools revealed traces to 4 plus occult blood dining the out ii e hospital stay. Repeated 
studies lor ova and parasites gave negative results. Two x-ray examinations of the entire 
gastrointestinal tract failed to reveal any sources of the blood in the stools. The only 
known sources were hemorrhoids, which were very prominent. The patient refused surgical 
treatment. Biopsy of the liver showed a normal histologic structure. Tho initial blood 
study showed: erythrocytes, 1.30 millions per cubic millimeter; hemoglobin, 2.0 grams 
per cent; reticulocytes, 7.2 per cent; leucocytes, 6,500 per cubic millimeter; platelets, 100,000 
per cubic millimeter; mean corpuscular volume, 77 cubic microns; mean corpuscular hemo- 
globin, 22 micromicrograms. 

Tho bone marrow studj' revealed hypercellulnr marrow with marked increase of 
orytliropoiesis and a myeloid -.crythroid ratio of 1:1. Erythropoicsis was normoblastic. There 
were 99.2 plurinuclear orythroblasts and 3.1 pluripolar mitoses per 1,000 uninuclear normoblasts 
(Table III and Plates I and II). Myeloid leucopoiesis and megnkaryocytogcnesis were 
unaltered. There were 13 per cent lymphocytes. The blood and marrow findings were sum- 
marized as microcytic hypochromic anemia, neutropenia, thrombocytopenia, and accelerated 
normoblastic erythropoicsis with increased frequency of plnrinuclenr orythroblasts. 

During a period of observation from June G to 2G, 1910, iron therapy and transfusions 
were withheld. On June 20 the blood study showed: erythrocytes. 1.40 millions per cubic 
millimeter. 

The bone marrow findings were similar to those of the first study, witii the exception 
that tho incidence of plurinuclear cells had dropped from 99.2 to within a normal level 
of 5.4 per 1,000 uninuclear orythroblasts (Table III). No pluripolar mitoses were seen 
among 5,000 erythroblnsts. 

Comment . — The case illustrates a remission from the condition of atypical 
plimnuclear erythropoicsis, in spite of the continued presence of severe anemia 
and accelerated erythropoicsis. 

Case 3. — A 02-year-old white man with idiopathic pernicious anemia experienced an 
hematologic remission as a lcsult of folic acid therapy. The initial blood study showed: 
erythrocytes, 730,000 per cubic millimeter; hemoglobin, 2.7 grams per cent; reticulocytes, 1-7 
per cent; leucocytes, 5,800 per cubic millimeter; platelets, 10,000 per cubic millimeter; mean 
corpuscular volume, 122 cubic microns; mean corpuscular hemoglobin, 38 micromicrograms. 

The bone marrow study revealed hypercellulnr marrow with increased erythropoicsis of 
megaloblastic type and a myeloid : crythroid ratio of 1:2. There were 52.8 plurinuclear 
erythroblasts and 2.S pluripolar mitoses per 1,000 uninuclear erythroblnsts (Table HI)- 
Only an occasional plurinuclear erythroblast had normoblastic character; the remaining 
plurinuclear erythroblasts were megaloglastic. Myeloid leucopoiesis revealed changes char- 
acteristic of antipemicious anemia principle deficiency.™ Mcgakaryoeytogenesis was reduced. 

At the time of the second marrow study, tiie blood showed: erythrocytes, 3.03 millions 
per cubic millimeter; hemoglobin, 10.7 grams per cent. The second bono marrow study 
revealed cellular marrow with slightly increased erythropoicsis and a myeloid: crythroid 
ratio within the normal range (2:1). Erythropoicsis was entirely normoblastic. The incidence 
of plurinuclear erythroblasts had dropped from 52.S to 4.4 per 1,000 uninuclear erythroblasts 
(Table III). Only one pluripolar mitosis was found among 10,000 erythroblasts. 

Comment . — The case illustrates the complete remission of the condition of 
excessive plurinuclearity and plnripolarity among erythroblasts in megaloblastic 
marrow as a result of specific therapy. 

Case 4- — A 54-year-old white man was admitted because of mild acute hepatitis. 
Serologic tests for leptospira were negative. Various liver function tests revealed only 
slight disturbances. The initial blood study on Oct. 16, 1946, showed: erythrocytes, 3.17 
millions per cubic millimeter; hemoglobin, 11.6 grams per cent; reticulocytes, G.G per cent; 
leucocytes, 5,500 per cubic millimeter; platelets, 300,000 per cubic millimeter; mean cor- 
puscular volume, 100 cubic microns; mean corpuscular hemoglobin, 37 micromicrograms. 
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The hone marrow study revealed slightly hypereellular marrow with increased erythro- 
poicsis and a myeloid :crythroid ratio of 1:1. Erytliropoiesis was normoblastic. Tiicre were 
35.S plurinuclcar crvthroblasts and 1.0 pluripolar mitoses per 1,000 uninuclear erythroblasts 
(Table III). The blood and marrow jin dings were summarized as macrocytic normochromic 
anemia and accelerated normoblastic ervtliropoiesis with increased frequency of plurinuclcar 
erythroblasts. 

The icterus cleared and the patient remained asymptomatic. A final blood study on 
Nov. 12, 1040, showed: erythrocytes, 4.00 millions per cubic millimeter; hemoglobin, 13.3 
grams per cent; leucocytes, 7,150 per cubic millimeter. 

The second bone marrow study revealed approximately normal cellularity and a 
myeloid terythroid ratio of 3:1. The only significant finding in the myelogram was evidence 
of a decrease of the incidence of plurinuclcar erythroblasts from 35. S to 6.0 per 1,000 
uninuclear cells (Table III). One pluripolar mitosis was seen. 

Comment . — The case illustrates that the temporary condition of excessive 
plurinuelearity of erythroblasts may occur in relatively mild clinical disease. 

Case 5. — A white woman, aged IS years, with congenital hemolytic anemia, was ad- 
mitted because of an acute hemolytic episode. The initial blood study on Nov. 3, 1943, 
showed: erythrocytes, 1.13 millions per cubic millimeter; hemoglobin, 4.0 grams per cent: 
reticulocytes, 13 per cent; leucocytes, 26,400; platelets, 400,000 per cubic millimeter; mean 
corpuscular volume, 92 cubic microns; mean corpuscular hemoglobin, 41 micromicrograms. 
There were 00 normoblasts per 100 leucocytes. The erythrocytes were deeply staining cells 
of small diameter (spherocytes). 

The bone marrow study revealed hyperplastic marrow with a myeloid :erytliroid ratio 
of 1:2. Ervtliropoiesis was normoblastic. There were 32.0 plurinuclear erythroblasts and 
l.S pluripolar mitoses per 1,000 uninuclear erythroblasts (Table III). The blood and 
marrow findings were summarized as normoeytic normochromic anemia with spherocytosis, nor- 
moblastic crisis, neutrophilic leucocytosis, and accelerated normoblastic ervtliropoiesis with 
increased frequency of plurinuclear erythroblasts. Splenectomy was performed Nov. 11, 1943, 
without complications. 

At the time of the second marrow study on Nov. 23, 1943, the blood showed: eiythro- 
cytes, 4.33 millions per cubic millimeter; hemoglobin, 12.4 grams per cent. The second 
marrow study revealed hypercellular marrow with a myeloid :erythroid ratio of 7:1, 
revealing that the chief cause of the hypercellularity was increased lencopoiesis. The incidence 
of plurinuclear erythroblasts had fallen from 32.0 to 5.2 per 1,000 uninuclear erythroblasts 
(Table III), and only one pluripolar mitosis was seen among 7,000 erythroblasts. 

Comment . — The case illustrates the remission of the condition of excessive 
plurinuelearity after removal of an important factor (hypersplenism) in the 
pathogenesis of the clinical disease. 


Case 6. — A 32-vear-old white woman was admitted with cirrhosis of the liver, proved 
by biopsy. The initial blood study ou June 16, 1940, showed: erythrocytes, 2.52 millions 
per cubic millimeter; hemoglobin, 9.4 grams per cent; reticulocytes, 2.4 per cent; leucocytes, 
10,oj0 per cubic millimeter; platelets, 126,000 per cubic millimeter; mean corpuscular volume’ 
»o cubic microns; mean corpuscular hemoglobin, 37 micromicrograms. 

The bone marrow study revealed hyperplastic marrow vritli a myeloid :erythroid ratio 
hi st Er h thr0poiesis '' vas normoblastic, with an incidence of 23.0 plurinuclear erythro- 
^ass and 2.S pluripolar mitoses per 1,000 uninuclear erythroblasts (Table EH). The 
i oo and marrow studies were summarized as macrocytic normochromic anemia, thrombo- 
opemn and accelerated normoblastic ervtliropoiesis with increased frequenev of plurinu- 
cuar erythroblasts. * 


improved r / f ' : nous forms of then *PF» foll °™g which her clinical condition 

Per cubic J v bcf0r ° 1Cr a ‘ 5c1,ar = c 0lc Wo ° a study showed : crythrocvtes, 3.SS millions 
per cubic rmlbmeter; hemoglobin, 9.2 grams per cent. ' M 
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The second marrow study revealed slightly hy pci cellular marrow without increas'd 
incidence of plurinuclcar oiythroblnsts, which were now (1.0 per 1,000 uninuclear ervthro- 
blasts. There was only one pluripolar mitosis in approximately 1 2,000 orythroblasts. 

Comment . — The case illustrates the disappearance of excessive plurinuclear- 
ity in a patient with a permanent lesion such as cirrhosis of the liver, con- 
comitant with clinical improvement. 

Case 7. — A 27-year-old white man was admitted with monocytic leucemia. The initial 
blood studies showed: erythrocytes, 2.00 millions per cubic millimeter; hemoglobin, 4.5 grams 
per cent; reticulocytes, 0.1 per cent: leucocytes, 13,000; platelets, 30,000 per cubic millimeter; 
mean corpuscular volume, 75 cubic microns; mean corpuscular hemoglobin, 22.3 microimcro- 
grams. The differential distribution of the leucocytes was: myeloblasts, 2 per cent; pro- 
myelocytes, 1 per cent; myelocytes, 1 per cent; metamyelocytes, 2 per cent; band form neutro- 
philes 20 per cent; polymorphonuclear neutropliiles, 1-i per cent; eosinophile promyelocytes, 1 
per cent; eosinophilcs, V-i per cent; monocytes and immature nionocytoid cells, 20 per cent; 
lymphocytes, 25 per cent; plasma cells, % per cent; megakarvoevtie nuclei, 3 per cent; 
atypical polychromntophilie eiythroblasts, .‘t per 100 leucocytes. There acre numerous giant 
platelets. 

The bone marrow study revealed hyperplastic nmirow with a myeloid :erythroid ratio 
of 2:1. Erythropoiesis was of the dysplastic type, lesembling that seen in Case 1. There 
were 1S.8 plurinuclcar orythroblasts, and an occasional pluripolar mitosis per 1,000 uninuclear 
erytliroblasts (Table III). Myeloid lencopoiesis was altered because of the development of 
monoeytoid stem cells and monocytes, which comprised a total of 25 per cent of the nucleated 
cells. The hematologic findings were diagnostic of monocytic leucemia, JCaegeli type. The 
patient received various forms of therapy, without effect. 

Five months later, the marrow study revealed findings similar to those seen in the 
initial examination, with the exception that atypical stem cells and monoeytoid stem cells 
were more numerous and that the incidence of plurinuclcar erytliroblasts had increased slightly 
from 18.S to 22.0 per 1,000 uninuclear erytliroblasts. 

Comment . — This case is included by way of contrast with the others, since 
it illustrates the persistence of the plurinuclcar trait in a patient whose clinical 
condition became worse during the period of observation. 

Case 8. — A 23-year-old white woman with idiopathic thrombocytopenic purpura was 
admitted to the hospital because of approximately five months of purpura and bleeding 
from mouth and vagina. The initial blood study showed: erythrocytes, 2.20 millions per 
cubic millimeter; hemoglobin, 0.7 giams per cent; reticulocytes, 24.5 per cent; leucocytes, 
12,400 per cubic millimeter; platelets, 1,900 por cubic millimeter; mean corpuscular volume, 
93 cubic microns; mean corpuscular hemoglobin, 29.0 micromicrograms. There were 4 
normoblasts per 100 leucocytes. 

The bone marrow study revealed hyperplastic marrow with a myeloid .-erythroid ratio 
of 1:2. Erythrocytogenesis was normoblastic, with 10.0 plurinuclear erytliroblasts and 2.2 
pluripolar mitoses per 1,000 uninuclear erytliroblasts (Table III). Megakaryocytogenesis 
was normal quantitatively. Splenectomy was performed without coriiplienf ions on Oct. 4, 1940. 

All hemorrhagic, and purpuric tendencies liad disappeared by the fourth postoperative 
day. On Nov. 11,3946, the blood showed: erythrocytes, 4.42 millions per cubic millimeter; 
platelets, 90,000 per cubic millimeter. 

The second marrow- study revealed approximately normal cellularity, with a myeloid: 
erythroid ratio of 2:1. The only other significant change in the myelogram was the ap- 
pearance of evidence that the incidence of plurinuclear erytliroblasts liad dropped from 10.0 
to 3.8 per 1,000 uninuclear erytliroblasts. One pluripolar mitosis was seen among 5,000 

erytliroblasts. 



cmnic.u, PtuNirnwNci: or na.i.ri.vi; umantism in human uuvtiiimh'oiksis SOU 


Commnil . — Tho case is ;ui additional example of the disappearance of the 
condition of excessive plurimielearity of rrvthrohlastx eoneoini taut with clineal 
and hematologic improvement following tin* removal of one of the important 
factors (bypcrsplenism) in the pathogenesis of the associated clinical disease. 


DISCUSSION 


The ease reports presented include examples illustrating tin- temporary 
or reversible nature of the condition of plurimielearity of orythrohlasts and of 
pluripolaritv of mitoses aimm*r orythrohlasts in patients with either mild or 
serious clinical diseases ((’uses 2. 4. •">. fi. K). Tlie importance of such 

findings is obvious when applied to the concept of a cancerous nature of the 
changes. The fact that plnrimiclear orythrohlasts are present in normal mar- 
rows is additional evidence a trains! their cancerous nature. Furthermore, the 
differential distributions and morphologic characters of the plurinuclcar cells 
are remarkably similar to those of the uninuclear cells in the pathologic as well 
as the normal eases. This is suggestive of t he action of the otiologic factors on 
any types of crythrohlasts which are present at the lime such factors come into 
play. Thus, the plurinuclcar forms under question may he regarded as variants 
of the prevailing types of crythrohlasts and not as members of a new genetic 
line of cells. In Cases 1 and 7 (lymphoblastoma and leueemia) with dysplnstie 
crythropoiesis, the atypical giant plurinuclcar cells could easily have been 
interpreted as representatives of a new eell line. However, the morphologic 
forms of the plurinuclear cells appeared to he modifications of the prevailing 
crythrohlasts, readily explained by suppression of cytokinesis alone. It cannot 
he argued that because two of our cases occurred in association with malignant 
disease (Case 1, lymphoblastoma, and Case 2, leueemia), plurimielearity of 
crythrohlasts is related to malignant proliferation of cells in the bone marrow, 
since none of the other cases had any relationship to malignant disease. We 
have recently studied a ease of polycythemia vera of several years' duration, 
now terminating -as myelogenous leueemia. The hone marrow in this patient 
reveals only a normal incidence of plurinuclear cells. 

A patient with chronic microcytic hypochromic anemia (Case 2) revealed a 
marked decrease in the incidence of plurinuclear crythrohlasts to normal levels 
m spite of absence of clinical or hematologic improvement. While in most eases 
excessive plurmuclearity among crythrohlasts was associated with accelerated 
crythropoiesis, it may be absent, or it may disappear, as in Case 2 in which a 
Possible toxic agent (ingested shellac solvent) may have played an etiologic 


The occurrence of the phenomena in relation to a progressive unfavorable 
course in patients who ultimately succumb to their clinical disease is not 
cceptable evidence in favor of an irreversible change. Indeed the anna vent 

r: he -* «* 

J .;, . . t! ? ual . data ma - r determine a range of incidences of plurinuelearitv 
Inch is indicative of nonreversibility, hut the present material shows that 
incidences of 99.2 and 159.6 per 1,000 are below such limits 
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The present study does not disclose the action of factors common to all the 
cases. It is possible that when more eases illustrating plurinuclearity of high 
incidence are accumulated, such factoi-s may be discovered. At any rate, the 
changes we have described, which involve suppression of cytokinesis without 
interference with maturation or karyokincsis, are not specific for any type or 
condition of erythropoiesis. 


SUMMARY 

The incidences of plurinuclearity and pluripolar mitoses among crythro- 
blasts in sternal marrows of eight normal individuals have been determined to 
be 1.0 to 5.1, and less than 1.0 per 1,000 uninuclear ervthroblasts, respectively. 

The incidences of such changes in eight pathologic cases have been shown. 

The reversible nature of the phenomena of plurinuclearity and pluripolarity 
among erythroblasts of normoblastic, dvsplaslic, and megaloblastic types has 
been demonstrated. 

The significance of the findings has been discussed. 
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ENHANCEMENT OF BLOOD LEVELS BY CAHONAMIDK HIRING 
INTRAMUSCULAR ADMINISTRATION OF PENICILLIN 

Ai.uv.ht 0. Skv.u'.h, M.D.. Ci.akv. Wilcox. and Maxwixl Finland, 31. 1). 

Boston, Mass. 

HE rapidity with which penicillin disappears from the blond and is ex- 
1. ereted in the urine was recognized early in the study of this antibiotic. 
Rammelkamp and Bradley, 3 on the basis ot data showing; that diodrast blocked 
the renal excretion of penicillin, suit frosted that penicillin was probablj ex- 
creted by a tnbnlar mcehanism. .Studies by Rant/. and Kirby 1 demonstrated 
that in afebrile patients 750 to 1,120 ml. ol plasma could be cleared of peni- 
cillin per minute. This was proof of the tubular excretion of penicillin since 
glomerular filtration could account for only a small fraction ol such a large 
rate of excretion. 

The possibility of prolonging the blood levels of penicillin by blocking the 
excretory channel has received considerable attention. Following the obser- 
vation of Rammelkamp and Bradley referred to in the preceding paragraph, 
Beyer and associates 5 ' 7 succeeded in decreasing the rate of excretion of peni- 
cillin by the use of para-aminohippnrie acid. Several reports have appeared 
in which para-aminohippurie acid has been used with apparent success in 
clinical penicillin therapy/' 1 " Unfortunately, large amounts of diodrast or 
para-aminohippurie acid must he given to slow the excretion of penicillin sig- 
nificantly since these agents themselves are rapidly excreted by the renal 
tubules. The fact that both diodrast and para-aminohippurie acid must be 
administered intravenously is also a serious handicap to their general use. 

Bronfenbreuner and Favour” found that the administration of 2.5 Gm. of 
benzoic acid by mouth every four hours to patients on an unrestricted diet 
may double the penicillin levels, and that the administration of this amount of 
benzoic acid to patients in whom fluid and salt intake is restricted may result 
in an even greater increase in the penicillin blood concentrations. 

Recently Beyer 12 reported that the excretion of penicillin could be re- 
versibly inhibited by U-carboxyphenylmethanesulfonanilide, a compound syn- 
thesized by Sprague and co-workers and called earonamide. 13 According to 
Beyer and co-workers, 14 this compound, while capable of blocking the tubular 
excretion of penicillin, is not itself subject to a significant degree of tubular 
ex creti on. Toxicity studies 15 showed earonamide to have an acute oral LD ;o 

Ftnot ^ r r-!T- Tl .'. or , mlike Memorial Laboratory. Second and Fourth Medical Services (Harvard) 
Boston Cits- Hospital, ami the Department of .Medicine, Harvard Medical School. 1 
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of 1,405 mg', per kilogram for mice; 1,320 mg. per kilogram for rabbits; and 
1,575 mg. per kilogram for dogs. No evidence of histologic damage or hemato- 
logic disturbances was observed in rats given 0.5 Gm. per kilogram of caron- 
amide daily for four weeks or in dogs receiving daily doses as high as 1.5 Gm, 
per kilogram for the same length of time. Vcrwcy and Miller 10 found that 
caronamide administered orally increased the effectiveness of a given intra- 
muscular dose of penicillin against experimental infections in mice. They 
believe that the enhancement of penicillin activity by caronamide is due to the 
effect of the agent on the penicillin concentrations in the body rather than to 
any synergistic action. 

Bapoport and associates 17 studied the toxicity of caronamide and its effec- 
tiveness in inhibiting penicillin excretion in fifteen children. In none of their 
patients did the drug have to be withdrawn because of toxicity when adminis- 
tered in oral doses of 0.1 to 0.4 Gm. per kilogram per day for one or two 
weeks. Three of their patients developed a rash. They found that 0.2 Gm. 
per kilogram per day of caronamide given orally increased the plasma levels 
of penicillin significantly, and that 0.4 Gm. per kilogram per day resulted in 
a marked rise in penicillin levels. No irreversible changes in glomerular 
filtration, renal plasma flow, maximum tubular excretory capacity (P. A. Th 
Tm), or maximum reabsorptive capacity (glucose Tin) were found. 

Crosson and co-workers 18 in preliminary studies in adults found that 2 Gm. 
of caronamide given every four hours enhanced penicillin blood levels when 
the penicillin was given orally in a dose of 100,000 units or intramuscularly 
in a dose of 50,000 units. They found that administration of 1 Gm. of caron- 
amide every two hours in similar subjects had little effect on the penicillin 
levels, while 1.5 Gm. every three hours definitely increased the penicillin 
levels. It is of interest that in the only patient to whom they gave 100,000 
units of penicillin intramuscularly every four hours they failed to obtain in- 
creased penicillin levels with 2 Gm. of caronamide every four hours. 

These findings seemed sufficiently encouraging to justify further study of 
caronamide, particularly in relation to the use of large doses of penicillin, 
with a view to the possibility of decreasing the frequency of injections while 
maintaining significant concentrations in the blood. 

MATERIALS AND METHODS 

Choice of Subjects . — The subjects were male hospital patients who were 
given penicillin, some of them during an acute illness but most of them during 
convalescence from various infections. Since it is known that advanced renal 
disease may interfere with penicillin excretion, 2 no patient was chosen in whom 
there was impairment of renal function as judged by the inability to concen- 
trate urine or to maintain a normal concentration of nonprotein nitrogen in 
the blood. Otherwise the subjects were selected without regard to their 
disease. The patients were given the usual hospital diet and no restrictions 
were placed on their fluid or salt intake. Urine analyses and blood nonprotein 
nitrogen determinations were done before and during the caronamide adminis- 
tration. 
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Penicillin ami Curonamide Administration.— .\U of the penicillin doses 
were civen intramuscularly at eight-hour intervals. Crystalline sodium pem- 
eillin 0, as available eonmioreially. was used throughout and was given as a 
solution in nonual saline in a concent ration of 100.000 units pel jnillilitei. 


The enronamide was supplied in 0.5 Gm. tablets and was given in various doses 
by mouth every four hours so that every other dose was given at the time of 
an intramuscular penicillin injection. 

In the studies on the effect of enronamide on penicillin levels, the subjects 
were kept on a constant dosage of 100.000 units of penicillin every eight hours 
throughout the time when the earonamide was given, and for .at least two daws 
before the first dose, and for two, or more often three, days after the last dose 
of earonamide. The earonamide was usually given for twenty-four hours, and 
in a few instances during a forty-eight hour period, in order to permit the 
drug to reach au equilibrium in the body fluids. 


Penicillin Blood Levels . — Blood for penicillin levels was obtained during 
the eight-hour intervals after the last dose of penicillin given during the 
period of earonamide administration. Two control series of blood were also 
obtained during similar eight-hour periods, one series just prior to the first 
dose, and the other two or three days after the last dose of earonamide. The 
blood was obtained just before and one-half, four, six. and eight hours after 
the penicillin injection. The first blood in each series was obtained, in each 
instance, at about 9 a.sj. The concentrations of penicillin were determined on 
eitrated plasma by the serial dilution method of Ranunelkamp,™ modified only 
by the use of 0.5 ml. amounts of the plasma dilutions.® 


RESULTS 


Effect of 2 Gm. of Caronamide Every Four Hours . — The plasma penicillin 
levels obtained in twelve subjects before, during, and after a period when 
earonamide was given in doses of 2 Gm. every four hours are shown in Table I. 
One-half of the subjects were under 60 years of age : in none of them was there 
any significant difference in the levels obtained while they received earon- 
amide as compared with the control periods before and after the earonamide 
administration. 


A marked effect from the earonamide was obtained in five of the six sub- 
jects over 60 years of age. The effect varied considerably in the different 
individuals. The levels obtained one-half hour after the dose of penicillin, 
which probably represent the maximum attained in most patients, were essen- 
tially the same (considering the limitations of the method) during the control 
periods and during the earonamide administration. At four and six hours 
after the penicillin injections, the levels obtained during the earonamide in- 
gestion ranged from four to sixteen times those found during the control 
periods. At the beginning and end of the eight-hour interval, the levels in the 


no growth occurred on subculture. th of that concentration and the one in which 
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sumo five subjects ranged from 0.03 to 0.5 unit per milliliter of plasma during 
the caronamide administration and from <0.01 to 0.0(1 unit during the- <‘on- 
trol periods. The average iuerease in the levels for ail the six subjects over 
(10 years of a fie was about six- and ninefold at four and six hours, respectively. 
The average level at the beginning and end of the eight-hour interval during 
caronamide administration was 0.20 and 0.20 unit per milliliter, respectively, 
ns compared with 0.02 unit or less at the same times during the control periods. 

Effect of 3 Go i. of Cnroimmnte Ever)! Four Honrs in Persons Vndcr f>0 
Years of Age. —The plasma penicillin levels obtained in four subjects under GO 
years of age (Cases 10 to 1G) who were given 0 (tin. of caronamide c\ cry foui 
bourn are shown in the upper part of Table II. In none ot these tour subjects 
was there any appreciable effect from the caronamide. the levels throughout 
the eight-hour period being essentially the same while the drug was given and 
during the control periods. 

Effect of I Gw. of Caronamide Evenj Four Hours in Subjects l inter 60 
Years of Age . — Ten patients under GO years of age (Cases 17 to 2G) were given 


4 Gm. of caronamide every four hours. The penicillin levels resulting from 
an intramuscular dose of 100,000 units of penicillin in these subjects before, 
during, and after the caronamide administration are also shown in Table II. 
An appreciable effect was obtained from the caronamide in every one of these 
ten subjects, but the effect varied widely in the different individuals. The 
levels obtained at one-half hour were higher during the caronamide adminis- 
tration in eight of the ten subjects. At four hours the levels during the enr- 
onamide period were from four to thirty-two times higher than at the same 
time during the control periods. At six hours only one subject failed to show 
an increased level; in the other nine the concentrations of penicillin were two 
to sixteen times higher during the caronamide administration. Demonstrable 
levels were obtained in most of the subjects at the end of eight hours (that is, 
just before the penicillin dose) while they were receiving caronamide but not 
during the control periods. 

Dor the ten subjects under 60 yrnars of age. the average plasma penicillin 
level eight hours after an intramuscular dose of 100,000 units of penicillin 
(or just before such a dose) during the oral administration of 4 Gm. of caron- 
amide every four hours was 0.03 unit per milliliter. At six hours the average 
level was 0.08 unit per milliliter. Practically none was demonstrable at these 
times during the control periods in the same subjects. The average levels of 
penicillin one-half hour and four hours after the penicillin injections were, 
respectively, about two and ten times higher during the caronamide admin- 
istration than they wex - e during the control periods. 

Effect of Increasing the Dose of Penicillin . — An attempt was made to esti- 
mate roughly the intramuscular dose of penicillin which, given at eight-hour 
intervals, would be required to maintain blood concentrations (particularly 
during the latter half of that interval) approximating those that resulted from 
injections of 100,000 units every eight hours during the oral administration of 
t ie minimum effective amounts of caronamide. For that purpose another 
group of subjects were given intramuscular doses of 100,000 units every ei°ht 
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hours for one or two clays. This was followed by 200,000 units every eight 
hours and finally 300,000 units every eight hours for similar periods. A series 
of blood penicillin levels were obtained during an eight-hour interval on each 
dose, just as in the previous studies. 

Since it was shown that Ihe blood levels on doses of 100,000 units were 
much better sustained in patients over 60 years of age than in those under 
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GO years, subjects of both ago groups were chosen. The plasma penicillin 
levels obtained on those three dose levels in six subjects under GO years and 
in a similar number of patients over GO years of ape are shown in Tabic III. 

The expected increases in the penicillin levels with the propressire in- 
creases in the dose were noted, but there were considerable individual Ambi- 
tions. Although marked differences were noted between the height of the 
levels obtained with any given dose in the two age groups, the increases in 
levels resulting from increasing the size of the dose rvcrc finite similar in both 


age groups. 

Comparison of Effects Obtained From Caron amide With Those Obtained 
From Increasing the Dose of Penicillin.— h\ order to compare the effect of 
caronamidc with that obtainable by increasing the dose of penicillin, it would 
be desirable to carry out all of the studies in tbc same subjects. This, how- 
ever, A\"as not feasible. A rough estimate of t lie comparative effects may never- 
theless be made from the data already presented. For that purpose it is best 
to consider the subjects in tbe two age groups (that is, those under 60 years 
of age and those over 60 years of age) separately. 

The comparison in the subjects over GO years of age may be made from 
the data shown for Cases 7 to 12 in Table I and for Cases 33 to 38 in Table III, 
particularly from the average values given in these tables. A similar com- 
parison in the subjects under 60 years of age may be made from the levels 
shown in Table II (Cases 17 to 26) for the effects of 4 Gm. of caronatnide and 
those given for Cases 27 to 32 in Table III. The average values for these 
groups are shown graphically in Fig. 1. In this figure the averages for the 
control levels obtained before and after caronatnide are included in a single 
curve. 

The curves representing the average levels following increasing doses of 
penicillin Avere obtained in the same patients. Those representing the effect 
of caronatnide, hoAvever, are averages from other groups of patients. It should 
be noted that all of the latter patients had been on caronamide therapy for 
at least sixteen hours before the penicillin levels A\-ere determined so that 
there A\-ere appreciable penicillin serum concentrations at zero hour on these 
euives. 

The difference in the declining slope of the curves betAveen the patients 
under and those over 60 years of age is striking. In the older patients a 
significant concentration of penicillin persisted in the serum eight hours after 
the injection of 100,000 units, even when caronamide Avas not given, whereas 
in the younger subjects little or no penicillin Avas detectable six hours after 
such an injection. Increasing the dose of penicillin altered the height of the 
curves to a similar extent in both age groups but did not significantly alter 
the slope of these curves. The caronamide, on the other hand, increased the 
peak penicillin levels to some extent, but its effect on slowing the rate of fall 
of the plasma penicillin concentrations was striking. Except at the time of 
the peaks, the patients recemng the caronamide and 100,000 units of penicillin 
iad significantly higher levels than those recemng 300,000 units of penicillin 
without caronamide. This difference was greatest in both age groups six 
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♦All values <0.01 unit are listed as 0. 



ENHANCEMENT 01' 111.000 l.r.Vl',l,S IlY CAIlONAMlIll. 


SI 5 


hours after the penicillin injection. The levels obtained with 100.000 units 
of penicillin (without earoiiamide) were comparable within each age trroup in 

both series of studies. . . 

Toricily . — There was no clinical or laboratory evidence of toxicity from 
the enronamide in any of the subjects. In no instance was crystalluria. hema- 
turia, or albuminuria observed which could be attributed to cai onamidc. No 



Fig. 1. — Enhancement of plasma levels by caronamide during intramuscular administra- 
tion of 100.000 units of penicillin every eight hours; comparison with effect of increasing the 
dose in subjects within the same age group. 


significant increase in the level of blood nonprotein nitrogen occurred. Fur- 
thermore, the reducing substance reported by Beyer and co-workers 33 as oc- 
curring in the urine of animals during administration of earoiiamide in large 
doses was not encountered in any of these eases. The findings in the present 
eases, however, must be interpreted in the light of the brief period during 
which the earoiiamide Avas given. 


COMMENT 

These studies confirm the findings previously mentioned and show con- 
clusively that caronamide administered by mouth in adequate doses signifi- 
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cantly enhances penicillin blood levels. Crosson and associates 18 reported that 
2 (Ini. of caronamide did not have an appreciable c fleet on the penicillin levels 
in one of their patients who was receiving 100,000 units of penicillin intra- 
muscularly, whereas the dose was effective in other patients receiving 50,000 
units of penicillin. While the age of their patient is not given, the data pre- 
sented in the foregoing show that 4 dm. of caronamide is necessary to enhance 
penicillin levels in persons under (10 years of age who are receiving 100,000 
units of penicillin intramuscularly every eight hours and have reasonably good 
renal function. 

Rapoport and co-worlcers 17 noted significant increases in penicillin blood 
levels in children with the use of 0.2 Gw. of caronamide per kilogram per day. 
In adults averaging 60 kilograms in weight, the corresponding dose (namely, 
12 Gm. per day) was found adequate for the purpose of increasing the blood 
levels from the intramuscular dose of penicillin used here only in subjects 
over 60 years of age. Jn younger adults twice this amount was necessary to 
obtain a similar result. 

The relative effect of any given dose of caronamide on the blood levels 
obtained from varying doses of penicillin was not studied. 

A comparison of the curves in Fig. ] shows that the rate of disappearance 
of penicillin from the blood is significantly slower in the patients over 60 years 
than in the younger subjects. Since penicillin is excreted chiefly by the 
tubules, even a major diminution in glomerular filtration could not explain 
the difference in excretion between the younger and older groups of patients. 
Presumably, therefore, the reduced rate of disappearance of penicillin from 
the blood of the older patients is due to a reduction in their functional 
tubular mass. 

Examination of Fig. 1 also shows that the administration of caronamide 
alters the penicillin blood level curve in young people in a manner qualita- 
tively similar to the alteration apparently caused by age alone. Furthermore, 
the fact that less caronamide is required to enhance the penicillin levels sig- 
nificantly in the older patients is further evidence of reduced tubular excre- 
tory function in the older people. 

SUMMARY AND CONCLUSIONS 

Caronamide administered orally in doses of 2 Gm. every four hours to 
patients over 60 years of age markedly enhanced the plasma penicillin levels 
resulting from the intramuscular administration of 100,000 units of penicillin 
every eight hours. It was necessary to increase the caronamide dosage to 4 
Gm. every four lioui's in order to produce a similar effect in younger persons. 
The penicillin blood levels following intramuscular administration of 100,000 
units of penicillin every eight hours to patients receiving approximately mini- 
mal effective oral doses of caronamide were significantly higher than those 
obtained by giving 300,000 units of penicillin alone to similar subjects. 

The authors are indebted to Dr. William P, Boger, Shnip & Doluno, Inc., Philadelphia, 
Pa. for the supply of caronamide and for sending us the manuscripts dealing with this 
drug prior to publication. 
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ENHANCEMENT OP PLASMA PENICILLIN CONCENTRATIONS 
BY CARONAMIDE AND SODIUM BENZOATE 


Elias Sthauss, AI.I)., Paul L. Riciihurg, M.D., Phillip Z. Saha, M.D., 
a xd J. Ehxkst Alkxaxduh, M.D. 

Dallas, Tkxas 

ixTiionrcriox 

A CONSIDERABLE number of drugs and vehicles Iiavc been introduced 
into clinical practice in an attempt to improve the practical therapeutics 
of penicillin by enhancing and prolonging its effective concentration in Hie 
blood. Among other agents, benzoic acid and sodium benzoate have been used 
rather widely to elevate and prolong plasma penicillin concentrations. Despite 
their use, however, relatively little data are available with regard to their 
efficacy. Bronfenbrennef and Favour 1 found that blood penicillin concentra- 
tions were doubled when benzoic acid was also administered. Bolds and co- 
workers 5, ”* b reported measurable blood concentrations of penicillin for twenty- 
four or more hours following both intramuscular and oral administration of 
an aluminum-penicillin mixture with benzoic acid or sodium benzoate. These 
results were not confirmed by Spaulding and associates, 3 who found only a 
moderate enhancement of plasma penicillin concentrations, in some instances 
for six hours, following the oral administration of several preparations of peni- 
cillin with sodium benzoate. 

Beyer and associates have introduced a new substance, enronamide, which 
was found to be effective in enhancing and prolonging penicillin plasma con- 
centrations. 4 Caronamide (P-carboxy-phenylmethaucsulfonanilide) is a stable, 
crystalline, colorless compound with little or no odor or taste, only slightly 
soluble in water, and relatively stable to hydrolysis with acids or alkali. In 
renal clearance studies in dogs it was demonstrated that caronamide decreased 
tubular excretion and increased the plasma concentration of penicillin. 5 When 
caronamide was given in a dosage of 50 mg. per kilogram the renal clearance 
of penicillin approximated that of creatinine, indicating an essentially com- 
plete suppression of tubular excretion of penicillin. This effect, which was 
reversible, persisted for about four hours. Further renal clearance studies 
indicated that caronamide did not influence the Tm of glucose or arginine, or 
the clearances of urea, sulfonamides, or creatinine.® As would he predicted, 
however, it decreased the clearance of para-aminohippnrie acid. The mecha- 
nism of action of caronamide appears to stand in sharp contrast to para-amino- 
hippurate and diodrast. The latter drugs depress penicillin excretion by a 
mass competition or blockade phenomenon . 7 * 8 Caronamide, in contrast, is be- 
lieved to be excreted wholly through the glomerular filtrate. Because caron- 
amide depressed the tubular excretion of penicillin but was not itself excreted 

From the Departments of Medicine and Bacteriology, Southwestern Medical College, and 
the Division of Medicine, Parkland Hospital. 
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through the tubules. Hover postulated that this suhstance oxcrts a selective 
inhibitory effect on the enzymatic mechanism of the renal tubules which (“fleets 
the elimination of penicillin. 4 

Caronnmhle was found to exhibit a low order of both acute and chronic 
toxicity in laboratory animals. 1 ’ When the drug was given to children fin- 
periods of one to two weeks, serious toxic reactions were not obser\ed. I ho 
oral administration of earonamidc and penicillin resulted in an inn ease in 
plasma penicillin concent rat ions of trom 1.8- to 14.:>-lold over the concentra- 
tions obtained during control periods. 1 " .Similar results with earonamidc were 
also observed in adults who received penicillin intramuscularly and oral)}. 1 

Those results appeared to lie of sufiiciont interest to warrant the employ- 
ment of earonamidc under clinical conditions. Approximately thirty-five sub- 
jects received earonamidc by mouth together with penicillin (1) by mouth, 
(2) by intramuscular injection in aqueous solution, and (3) by intramuscular 
injection in peanut oil and beeswax. The effect of earonamidc on the plasma 
concentration of streptomycin was also studied in four individuals. 

When it became apparent that earonamidc did have an effect on the plasma 
penicillin concentration, the study was extended to include a comparison of 
the effectiveness of earonamidc and sodium benzoate, individually and in com- 
bination, in eight additional subjects. 


MATERIALS AND METHODS 

The subjects used were all young adults and were either healthy physi- 
cians, medical students, and nurses or patients convalescent from a variety 
of illnesses. The twelve subjects who received penicillin in peanut oil and 
beeswax had primary or secondary syphilis. None of the subjects had clinical 
or laboratory evidence of renal disease. All ate a general diet and most of 
them were ambulatory. 

Caronamide* was supplied in tablet form and taken by mouth with water. 
Individual doses varied from iy 2 to 3 Gm. at intervals of two to three hours, 
as indicated subsequently. Sodium benzoate was put up in soft gelatin cap- 
sules and taken by mouth with water, in 2 Gm. doses. The sodium salt of 
amorphous penicillin was used for intramuscular injection. Penicillin in pea- 
nut oil and beesrvax was supplied as the calcium salt of amorphous penicillin 
and contained 300,000 units per milliliter. The preparation of penicillin for 
oral administration was in the form of tablets, each containing 50,000 units 
of potassium penicillin G with aluminum hydroxide.® 

In all of the studies, each subject served as his own control. On the first 
day of the test penicillin was given alone, at the intervals and in the dosages 
indicated subsequently. On the following day, the same dosage schedule°of 
penicillin was resumed and, in addition, either caronamide or sodium benozate. 
or both, were administered. Oxalated blood samples were obtained at the same 
hours on each day of the study. 

An attempt was made to administer the drugs between meals, allowing a n 
hour b etween medication and the ingestion of food. Subjects were asked to 

•Supplied by Dr. J. W. Crosson, o I Sharp & Dohme. Inc., Philadelphia, Pa. 
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maintain tlie same diet and fluid intake on eaeli day of the test, hut no restric- 
tions were imposed on salt or water intake. Close control of the schedules of 
meals and medication were not always possible, and it is not known, in some 
instances, how carefully the instructions were followed. 

Plasma penicillin concentrations were determined by a modification of the 
serial dilution method of Pammelkamp. 1 - The medium used was brain-heart 
infusion broth.® The test organism was a hemolytic streptococcus (strain No. 
08f) which was inhibited by 0.008 unit of penicillin per milliliter of broth. 
The end points of the plasma specimens were determined by the presence or 
absence of growth of explants on blood agar from the tubes with the highest 
dilutions of plasma which were clear after twenty-four hours’ incubation. 
Despite the recognized inaccuracies of the method, replicate determinations 
on the same samples yielded the same results. The method is believed accu- 
rate for the detection of concentrations of 0.03 unit or more of penicillin per 
milliliter of plasma. 

Caronamide and sodium benzoate in concentrations of 1 mg. per milliliter 
of broth did not inhibit the growth of the test organism. These concentrations 
of the drugs, alone and in combination, did not interfere with the in vitro 
activity of penicillin, in either broth or diluted plasma, moreover, the plasma 
obtained from an individual one and one-half hours after the ingestion of 3.0 
Gm. of caronamide did not affect the activity of penicillin in vitro. It was 
concluded, therefore, that the effects of these agents on plasma penicillin con- 
centrations were not duo to interference with the sensitivity of the penicillin 
assay procedure itself. 

RESULTS 

Effect of Caronamide . — 

Penicillin Administered by Mouth: The effect of caronamide on orally ad- 
ministered penicillin was studied in seventeen tests performed on thirteen 
subjects. In twelve tests (ten subjects) 100,000 units of penicillin were taken 
by mouth at two-liour intervals from 8 a.m. to 4 p.m. On the next day, the 
same dosage of penicillin was resumed and, in addition, the subjects received 
2 Gm. of caronamide by mouth every two hours from 6 a.m. to 4 p.m. In six 
tests blood samples were obtained one hour after each dose of penicillin on 
both days of the tests ; in the other six tests the blood samples were obtained 
two hours after each dose of penicillin and immediately jireceding the next 
dose. The resulting plasma penicillin concentrations are shown in Tables I 
and II. There can be little doubt that when these subjects received caron- 
amide, the concentrations of penicillin in the plasma were increased as com- 
pared with the control periods. In twenty-five paired tests with blood ob- 
tained one hour after each dose of penicillin, the plasma concentrations of 
penicillin were the same with and without caronamide in three, lower with 
caronamide only once, and higher with caronamide in twenty-one tests. The 
increase in penicillin concentration associated with the administration of car- 
onamide was twofold in nine, fourfold in five, and eightfold or more in seven 


*Difco Laboratories, Inc., Detroit, Mich. 
■[Obtained from Dr. M. Finland. 



r.NH ANCl'.M t'.N'T 01' PI.ASMA PKNICH.l.lN CONCr.NTltATlONS 


m 


Table I. Effect or Cakdxamide <>n Plasma Penicillin Conci nteation 
(Penicillin: lOO.Oim Units. by Mouth, Every Two Horns; 
iO.oo]. Sam ru:s, One Horn Arm: Each Dose) 


SUBJECT l 

« i 

DRUG | 

1‘LASMA I'fA'ICIU.lN CONCENTRATION (UN 

ITS/ML.) 

!» A.M. j 

11 A.M. | 

1 I'.M. | 

| 3 r.M. | 

! 5 r.M. 

P. It. 

M 

Penicillin alone 

<0.03 

<0.03 

(1.22 

0.0(3 

0.03 



a Caronamide 

<0.03 

<0.03 

0.00 

0.11 

1 O.OG 

P. K. 

M 

Penicillin alone 


0.03 

0.03 

0.03 

0.03 



* Caronamide 


0.11 

0.0(1 

0.0G 

0.11 

P. S. 

M 

Penicillin alone 

0.03 

0.06 

0.03 

0.03 

i <0.03 



* Caronamide 

0.03 

| 0.11 

0.22 

0.22 

0.45 

P. s. 

M 

Penicillin alone 

_ _ _ 

0,03 

0.11 

0.06 

0.03 



* Caronamide 

| 

o.oo 

0.22 ! 

0.11 

0.45 

X. \v. 

P ■ 

Penicillin alone 



0.11 1 

0.03 

0.11 

nm 



* Caronamide 



0.43 

0.11 

0.22 


X.P. 


Penicillin alone 

- — ^ 

0.03 

0.03 

0.11 



M 

t Caronamide 

. 

0.45 

0.45 

0.43 


Caronamide (2 

Gm. P.O.) at 6. S, and 

10 a.m.. 1 

2 X.. nn<l 

2 and 4 j*. 

M. 



Penicillin (100,000 units P.O.) :>t S and 10 A.M.. 12 X.. and 2 and 1 I'.M. 
— , Blood sample not obtained. 


Table II. Effect of Caron amiuk ox Plasma Penicillin Concentration 
(Penicillin : 100,000 Units, by Mouth. Every Two Hours; 

Blood Samples, Two Hours After Each Dose.) 


i 

1 


PI.ASMA IT.KiriU.I.V C»NCESTKATIOX 
( I’N* ITS/ML.) 

SUBJECT | 

SEX i 

DRUG 

10 a.m. 

12 S. 

2 r.M. 

I 4 P.M. 

J.L. 

M 

Penicillin alone 
j- Caronamide 

0.03 

0.03 

0.0C 

0.11 

1 0.03 

0.22 


X.M. 

F 

Penicillin alone 
+ Caronamide 

0.03 

0.11 

j 0.11 

0.22 

0.03 

0.22 

0.06 

0.11 

X. X. 

F 

Penicillin alone 
i- Caronamide 

0.06 

0.11 

0-06 

0.45 

i 0.03 

1 0.22 

1 0.06 

1 0.22 

E. S. 

M 

Penicillin alone 
f Caronamide 

<0.03 

<0.03 

<0.03 

0.03 

0.11 

0.22 

0.03 

0.06 

P. S. 

M 

Penicillin alone 
+ Caronamide 

<0.03 

0.03 

0.06 

0.06 

0.06 

0.22 

0.03 

0.06 

P.B. 

H 

Penicillin alone 
Caronamide 

0.03 

0.06 

0.06 

<0.03 

0.03 

0.03 1 

<0.03" . 

<0.03 


Caronamide (2 Gm. P.O.) at 0, S. and 10 A. AS. 12 X., and 2 t.as. 
Penicillin (100.000 units P.O.) at 8 and 10 a.m. 12 x.. and 2 p.m. 


(Table I). Similar results were obtained with the twenty-four paired blood 
samples obtained two hours after each dose of penicillin (Table II). The 
plasma penicillin concentrations were the same with and without caronamide 
m five instances, lower with caronamide once, and higher with caronamide in 
eighteen tests. The increase was twofold in ten. fourfold in four, and eight- 
fold or more in four. Tabulation of the results obtained both one and two 
hours after the administration of penicillin indicates that the concurrent ad- 
ministration of caronamide was associated with an enhancement of the plasma 
penicillin concentrations in SO per cent of the paired blood samples; in 40 per 
cent this increase was fourfold or greater as compared with the controls In 
terms of actual plasma penicillin concentrations, 62 per cent of the blood 
samples obtained while the subjects were receiving caronamide had a eoneen- 
a ion of 0.1 unit or more of penicillin per milliliter of plasma. In contrast 
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only 14 per cent of the samples obtained during the control period, on peni- 
cillin alone, had concentrations of 0.1 unit or more of penicillin per milliliter 
of plasma. 

Five subjects received 2 Gm. of caronamide and 100,000 units of penicillin 
by mouth every three hours during the day. Blood samples were obtained 
three hours after each dose and immediately preceding the next dose. In three 
of these subjects, on another day, penicillin alone was given and bleedings 
obtained on the same schedule. Plasma concentrations of penicillin were low 
in all instances. Only two of nine samples taken while the subjects were 
receiving penicillin alone contained measurable amounts of penicillin (0.03 
unit per milliliter). When the subjects received caronamide in addition, four 
of twelve samples contained 0.03 unit per milliliter of penicillin. The advan- 
tage of caronamide appeared to be negligible. It is evident, therefore, that 
while caronamide in the dosage used served effectively to elevate the plasma 
penicillin concentration for a period of two hours after the oral administra- 
tion of 100,000 units of penicillin, the effect was dissipated within three hours. 

Penicillin Administered Intramuscularly; Two subjects received intramus- 
cular injections of 25,000 units of penicillin and two received 50,000 units of 
penicillin at two-hour intervals from 8 a.m. to 4 p.m. On the following day, 
the same dosage schedule of penicillin was resumed and, in addition, the sub- 
jects received 2 Gm. of caronamide by mouth every two hours, from 6 A.M. to 
4 p.m. The plasma penicillin concentrations obtained one hour after each in- 
jection of penicillin are shown in Table JIT. 


Table III. Effect of Caronamide ox Plasma Pexicillix Concentration 
(Blood Samples Oxe Hour After Each Bose) 





| plasma pexicillix coxcextratio.v (units/ml.) 

SUBJECT 

sex 

DRUG 

| 9 a.m. | 

| 11 A.M. | 

! 1 r.M. | 

I 3 r.M. 

| 5 P.M. 

Penicillin: 25,000 Units I.M. Every Two Hours 

mm 

P 

Penicillin alone 
+ Caronamide 

0.03 

0.22 

0.11 

0.22 

0.06 

0.45 

0.11 

0.45 


c. s. j 

M 

i 

Penicillin alone 
+ Caronamide 

0.11 1 
0.11 

0.06 

o.n 

0.11 | 
1 0.22 ] 

0.06 ) 
0.22 i 

mm 

Penicillin: 50,000 Units I.M. Every Two Hours 

C. Y. 

F 

Penicillin alone 
+ Caronamide 

WM 

0.22 

0.22 

0.22 

0.90 

0.22 

0.45 


L. P. 

F 

Penicillin alone j 
+ Caronamide 

■ 

0.45 

0.22 

0.11 

0.22 

1 0.22 

1 0.45 



Caronamide (2 Gm. P.O.) at C, S, and 10 a.m. 12 X., 2 and 4 P.M. 
Penicillin I.M. at 8 and 10 a.m. 12 x., and 2 and 4 p.m. 

, Blood sample not obtained. 


In ten paired determinations in subjects on the 25,000 unit dosage schedule, 
the plasma penicillin concentrations were higher when caronamide was given 
in eight instances and the same in two instances. Seven of the ten blood 
specimens obtained when the subjects received caronamide had plasma con- 
centrations of penicillin of 0.2 unit per milliliter or more. When the same 
subjects received penicillin alone, none of the ten specimens contained more 
than 0.1 uni t of penicillin per milliliter of plasma. 
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In the subjects who received 50,000 units of penicillin, plasma penicillin 
concentrations were again higher (in six of eight paired specimens) when car- 
onnmide was administered concurrently. In general, the subjects a\1io ic- 
eeived caronamide with 25.000 units of penicillin had about the same plasma 
penicillin concentrations as those who received twice as much penicillin with- 
out caronamide. 

Caronamide also effectively elevated the penicillin concentrations in the 
plasma of three other individuals who received 40,000 units of penicillin in- 
tramuscularly and 2 Gin. of caronamide by mouth at three-hour internals din- 
ing the day (Table VI). Blood samples were obtained one and one-half hours 
after each dose. Plasma penicillin concentrations were increased twofold or 
more in ten of twelve paired blood samples. 

One of the subjects who had previously been given 50,000 units of peni- 
cillin was given two injections of 100.000 units of penicillin intramuscularly 
at 8 a .51. and 12 x. The following day. lie was given the same amount of 
penicillin at the same hours, and, in addition, took 2 Gm. of caronamide at 
6, 8, and 11 a.m. and 2 p.m. Plasma penicillin concentrations obtained one, 
three, and four hours after each dose of penicillin were identical on each dav. e 


Table IV. Effect of Caron amide ox Plasma Penicillin Coxcextf.atjox 
(Single I.M, Injections of Penicillin) 


DOSE OF 
PENICILLIN 

■ 


without caronamide i 

WITH CARONAMIDE 


PLASMA PENICILLIN' CONCENTRATION (UNITS/ML.) 

HOCP.S AFTEP. PENICILLIN 

1 

2 

3 

4 

1 

2 

3 

4 

23,000 

L. AY. 

F 

KTiV 

<0.03 

<0.03 

<0.03 


0.03 

0.03 


units I.M. 

E. A. 

51 

SflTEfl 

<0.03 

njAftS 

<0.03 

I U« 

0.03 

<0.03 



G.AY. 

51 


0.03 


<0.03 

0.11 

0.06 

0.03 


50,000 

H.K. 


fifeM 

0.06 

■TYjJjJl 

<0.03 

0.11 


0.03 


units 1,51. 

X. AY. 



0.03 

EtAim 

<0.03 

0.22 


0.03 



S.AV. 



0.06 


<0.03 

0.22 

o.n 

0.06 


100,000 

H.K. 

51 

fife® 

0.06 

0.03 

<0.03 

0.22 

0.06 

0.06 

<0.03 

units I.M. 

B. H. 

51 

i 0.45 

0.06 

0.03 

<0.03 

0.45 

0.22 

0.11 

0.06 


. Caronamide (2 or 3 Gm. P.O.) one hour before and at the time of administration of 
penicillin. 


In eight subjects, plasma penicillin concentrations were determined at in- 
tervals following single intramuscular injections of penicillin. On the after- 
noon of the same day or the next day, the penicillin injections were repeated 
and, in addition, 2 or 3 Gm. of caronamide were given one hour before the 
penicillin injection and again at the time of the injection. The results which 
are recorded in Table IV indicate no significant effects of caronamide on the 
plasma penicillin concentrations. The discrepancy between these findings and 
those recorded in the foregoing may be due to the pharmacologic properties 
of caronamide. It would appear that the substance is either slowly absorbed 
or else requires a considerable period of time before it exerts its depressant 
effects on tbe renal excretory apparatus. 

Penicillin Administered in Peanut Oil and Beeswax: The effect of earon- 
amide on plasma penicillin concentrations eighteen and twenty-four hours after 
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the injection of GOO, 000 units of penicillin in peanut oil and beeswax was de- 
termined in twelve patients •with early syphilis.* On the first day of the test, 
600,000 units of penicillin (2 ml.) were administered intramuscularly in the 
buttock at 2 p.ai.; at the same time, V/z Gm. of caronamide were given by 
mouth and its administration continued thereafter every two hours until noon 
of the following day. Blood samples were obtained at S a.m. (eighteen hours) 
and at 2 p.ji. (twenty-four hours) on the second day. Immediately after the 
second blood sample was obtained another injection of 600,000 units of peni- 
cillin in peanut oil and beeswax was given in the other buttock. No further 


Table V. Effect of Cai:onamii>k o.v Plasma Penicillin Concentration 
(Penicillin in Peanut Oil and Beeswax: (100,000 Units l.AI.) 





PLASMA PENICILLIN CONCENTIIATION 




(UNITS/ML.) 



HOURS AFTER 

PENICILLIN 

PENICILLIN 

SUBJECT 

SEX 

PENICILLIN* 

ALONE 

+ cahonamibe 

C. P. 

At 

is 

0.03 

0.22 



21 

<0.03 

0.15 

D. H. 

P 

is 

0.03 

0.11 



21 

0.00 

0.11 

A. E. 

At 

IS 

0.03 

0.11 



21 

<0.03 

<0.03 

C. B. 

At 

IS 





21 

<0.03 

0.15 

E. P. 

At 

IS 

0.03 

O.OG 



21 

<0.03 


R.S. 

F 

IS 

<0.03 

0.06 



21 

<0.03 

0.11 

W. I). 

At 

IS 

<0.03 




21 

<0.03 

<0.03 

S. G. 

At 

IS 

0.11 




21 

0.0G 


L. M. 

F 

IS 

0.11 

0.11 



21 

<0.03 


O. F. 

At 

IS 


am,Miii|iM ,w Tr 



21 


<0.03 

M. C. 

F 

IS 

0.0G 




21 

0.03 

0.22 

E. B. 

At 

IS 

0.00 

<0.03 



21 

0.11 

0.03 


Caronamide (1% Gm. r.O.) every two hours for twenty-four hours. 


caronamide was given. Blood samples again were taken eighteen and twenty- 
four hours after the second injection of penicillin. The results are shown in 
Table V. In. the majority of instances plasma penicillin concentrations were 
higher when caronamide was also given; however, the results were somewhat 
erratic and difficult to evaluate. Of twenty-four paired blood samples, the 
penicillin concentrations were higher when caronamide was given in fifteen, 
the same with and without caronamide in five, and lower with caronamide than 
without it in four instances. Less than a measurable amount of penicillin 
(<0.03 units per milliliter) was present in ten samples obtained in the absence 
of caronamide and in four samples in the presence of caronamide. Moreover, 


•These patients were studied hy courtesy of Dr. A. G. Schoch, Dr. L. .T. Alexander, 
and Dr, T. I., Shields, whose cooperation and assistance are gratefully acknowledged. 
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six of the twelve patients had plasma penicillin concentrations of 0.1 unit or 
more per milliliter while receiving earonamide, as compared Avitli only two 
who obtained this concentration of penicillin in the plasma when not receiving 
cavonamidc. 

Effect of Cavonamidc on Plasma Streptomycin Concentrations . — The pos- 
sible value of cavonamidc in enhancin'! and prolonging streptomycin plasma 
concentrations was invest mated in four subjects. Two subjects were gi'cn 
intramuscular injections of 0.5 Om, of streptomycin, at 8 a.m. and 4 p.m., and 
earonamide was given by mouth every two hours from 0 A.M. to 10 r.M. (total 
dose, 18 Gm.}. Blood samples were obtained two. six. and eight hours after 
each injection of streptomycin. On the following day the same schedule was 
followed except for the ommission of earonamide. W ithin the limits of the 
method, the plasma concentrations of streptomycin were the same whether or 
not earonamide was given. Two other subjects received single injections of 
0.5 Gm. of streptomycin intramuscularly. Blood samples were obtained at 
intervals for six hours afterward. On the following day. the streptomycin 
injections were repeated and 2.0 Gm. of earonamide were given by mouth at 
two-hour intervals for five doses beginning two hours before the streptomycin 
injection. In one subject, the concentration of streptomycin in the plasma 
Avas from one and one-half to two times higher when the earonamide was 
administered: in the other subject, however, the streptomycin concentrations 
for six hours after injection were the same with and without the concurrent 
administration of earonamide. 

Effect of Sodium Benzoate Alone and Together With Caronamide . — - 

Penicillin Administered Intramuscularly; Three individuals received 40,000 
units of penicillin intramuscularly every three hours from 8 a.m. to 5 p.m. on 
each of three consecutive days. On the first day of the test, 2 Gm. of caron- 
amide were taken by mouth at 6, 8, and 11 a.m., and 2 and 5 p.m. On the third 
day of the test, 2 Gm. of sodium benzoate were taken by mouth at similar- 
hours. Blood samples rvere obtained one and one-half hours after each injec- 
tion of penicillin. The plasma penicillin concentrations are recorded in Table YI. 



Table VI. Effect of Carox amide axd Sodium Be.vzo.ite o.y Plasma Pf.siciuas 
Coxcextratiox (Pexicim.ix : 40,000 Exits LAI. Every Three Hours; 

Blood Samples Oxe axd Oxe-Half Hours After Each Dose) 


plasma pexictllix coxcexteattox 

(UXITS/ML.) 

9:30 &At7~ j 12:30 r.M, ' 3-.30 r.MrTsTsb tlmT 


0.11 0.06 0.06 

0.22 0.06 0.11 

0.22 0.11 rum 


SEX 

BRC<3 

p j 

Penicillin alone 
+ Caronamide 
+ Sodium benzoate 

p 

Penicillin alone 
-r Caronamide . 

+ Sodium benzoate 

y 

Penicillin alone 
+ Caronamide 

1 Sodium benzoate 




Caronamide and sodium benzoate (2 Gm. P.O.) at 6. S~and 11 
Penicillin (40.000 units I.it.) at S and 11 a.m., and 2 and 3 p.m. 
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Both caronamide and sodium benzoate effectively increased plasma peni- 
cillin concentrations. The two drugs appeared to be equally effective since 
the penicillin concentrations were the same with caronamide as with sodium 
benzoate four times, higher with caronamide than with sodium benzoate five 
times, and lower with caronamide than with sodium benzoate three times. 

Penicillin Administered by Month: In three subjects who received peni- 
cillin by mouth, a comparison was made of the value of caronamide and so- 
dium benzoate individually and together in increasing the penicillin concen- 
tration of the plasma. Penicillin, 100,000 units by mouth, was administered 
every two hours from 8 a.m. to 2 p.m. on each of four consecutive days. On 
the first day of the test, 2 Gin. of caronamide were also taken by mouth at 6, 
8, and 10 a.m., 12 n., and 2 p.m. On the second day, 2 Gm. of sodium benzoate 
were taken at the same hours in place of the caronamide. On the third day, 
neither caronamide nor sodium benzoate was administered with the penicillin. 
On the fourth day both caronamide and sodium benzoate, 2 Gm. of each, were 
taken at two-hour intervals from 6 a.m. to 2 p.m. Blood samples were secured 
two hours after each dose of penicillin on each day of the test. The resulting 
plasma penicillin concentrations are recorded in Table VIT (part of the data 
is also included in Table II). 

Table VII. Effect of Caronamide and Sodium Benzoate, Individually and in 
Combination, on Plasma Penicillin Concentration 
(Penicillin: 100,000 Units by Moutii Every Two Hours; 

Blood Samples Two Hours After Each Hose) 





1 PLASMA PUNK IM.IN CONCENTRATION 





( UNITS/ML.) 



SUBJECT 

SEX 

DRUG 

10 A.M. 1 

12 N. 

| 2 r.M. i 

1 4 r.M. _ 

B. S. 

M 

| Penicillin nlone 

I <0.03 

1 <0.03 

1 0.11 j 

fMi lEHf 



+ Caronamide 

<0.03 


0.22 

■m 



+ Sodium benzoate 

0.03 

0.00 i 


1 0.11 



+ Combination 

0.00 

0.22 


1 0.22 . 

P. S. 

M 

Penicillin alone 

<0.03 

0.00 1 


■H 



+ Caronamide 

0.03 I 


0.22 

SSKUlfB 



+ Sodium benzoate 

0.11 


0.11 

0.11 

1 


+ Combination 

0.06 | 


0.00 

1 0.15 

P. E. 

M 

Penicillin alone 

0.03 


0.03 




+ Caronamide 

0.00 | 


0.03 




+ Sodium benzoate 

0.00 

isrnRn^H 

0.00 

' 0.03 



+ Combination 

0.22 


I 0.11 

0.06 


Caronamide and sodium benzoate, each (2 Gm. P.O.) at C, 8, and 10 a.m., 12 N., and 2 r.M- 
Penicillin (100,000 units P.O.) at 8 and 10 A.m., 12 n., and 2 p.m. 


In these subjects, caronamide alone was relatively ineffective in raising 
the penicillin concentration. A twofold or greater increase (as compared with 
the controls) was recorded in seven of twelve blood samples, but in only one 
specimen was there a fourfold increase. Sodium benzoate was more effective 
tlian caronamide. Three-fourths of the blood samples obtained when sodium 
benzoate was taken contained more penicillin than the controls; but here, too, 
in the majority the increase was not greater than twofold. In contrast, the 
combination of both caronamide and sodium benzoate resulted in a marked 
enhancement of plasma penicillin concentrations and yielded better results 
than either drug alone. A fourfold or greater increase in the penicillin con- 
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cent ration was obtained in ten of the twelve blood samples, as compared with 
the controls. Two-tliirds of the blood samples obtained on this reunion con- 
tained 0.1 unit of penicillin per milliliter of plasma, and none contained less 
than 0.06 unit. 

It was previously demonstrated that measurable amounts of penicillin did 
not persist in the blood for three hours after the oral administration of 100,000 
units of penicillin, taken alone or with caronamide. It was, therefore, of 
interest to determine the duration of the effect of both caronamide and sodium 
benzoate. Two subjects took 100,000 units of penicillin and 2 Gin. each of 
caronamide and sodium benzoate by mouth every three hours during the day. 
Blood samples were obtained three hours after each dose of penicillin. In five 
of six blood samples obtaiued, measurable concentrations of penicillin (0.0.1 
unit or more) were present. 

Tonicity of Caronamide and Sodium Benzoate: Approximately fifty adult 
subjects took caronamide by mouth. The majority received the drug for one 
day or less; a few took it for as long as three days. The maximum total daily 
dosage was IS Gm. ; the majority took 10 to 12 Gm. within a twelve-hour 
period. Gastrointestinal intolerance was the only evidence of toxicity noted. 
Two subjects complained of nausea and mild diarrhea, the latter persisting 
for two days. These symptoms began, however, the day after the adminis- 
tration of caronamide and at a time when the subjects were continuing to 
take penicillin by mouth. The intolerance cannot clearly be ascribed, there- 
fore, to caronamide. Two other subjects complained of nausea and diarrhea 
for one day coincident with the ingestion of penicillin, caronamide, and sodium 
benzoate. Again it is impossible to decide which of the three drugs or whether 
the combination of them was responsible for the gastrointestinal disturbance. 
Since this reaction occurred in two of the five subjects who received all three 
drugs at the time time, it is likely that a considerable percentage of individuals 
placed on this regimen will be unable to tolerate it. 

DISCUSSION 

The observation that a combination of caronamide and sodium benzoate re- 
sulted in higher penicillin blood concentrations than were attained by the use 
of each drug alone is of particular interest with regard to the mode of action of 
these agents. Two possible explanations are suggested: (1) that the dose of 
each drug was inadequate for maximal effect and (2) that caronamide and 
sodium benzoate act by different mechanisms. Since a rather fixed dosage 
schedule of caronamide was used in these studies, the validity of the first expla- 
nation cannot be established. It may be noted, however, that the total dose of 
caronamide usually given within four or six hours was close to that required to 
produce complete suppression of tubular excretion of penicillin in dogs. 3 The 
assumption has been made that benzoic acid and sodium benzoate act in a 
manner similar to diodrast T and p-aminohippurate, 8 competing with penicillin 
for a common renal tubular excretory mechanism. The evidence of Beyer 
bearing on the mode of action of caronamide has been referred to previously. 4 
Recently, evidence has been presented that sodium benzoate has an antipeni- 



S2S 


STRAUSS, RIOIIIWRO, SAHA, AND ALKXANHKR 


cillinasc effect. 13 It lias been sn jested tliat this properly, rather than a 
blocking action on the renal tubules, is responsible fur the observed action of 
sodium benzoate. If such were the case, the apparent synergistic effect of 
caronaniide, and sodium benzoate could be explained as the summation of Iwo 
different mechanisms, each of which helps to maintain the penicillin concen- 
tration in the blood. In vitro we have noted that earonamide also exhibits an 
antipenicillinase effect blit do not believe that this action offers an explanation 
for its behavior in the body, especially since normal pooled plasma also exhibits 
an antipcnicillinasc effect which is greater than that of earonamide. 

The present studies appear to he .sufficiently detailed to indicate the prob- 
able value of earonamide as an adjunct to penicillin therapy. It is clear that 
earonamide is effective in elevating the penicillin concentration in the blood: 
however, for this purpose, its effectiveness .appears to he no greater than that 
exhibited by sodium benzoate. The choice of either drug would seem therefore 
to depend in part on the respective toxicity of the two agents. Sodium ben- 
zoate is regarded as an innocuous substance, 14 its principal disadvantage being 
its rather frequent nauseant action. Enough experience has not as vet accumu- 
lated to assess the incidence of toxic reactions or idiosyncrasies to earonamide. 
Until such experience is gained under controlled conditions of observation, its 
routine use in preference to sodium benzoate is not recommended. 

When penicillin was given intramuscularly in aqueous solution, the concur- 
rent administration of earonamide or sodium benzoate resulted in a twofold or 
greater increase in the concentration of penicillin in the plasma in most in- 
stances. However, no studies were made as to the total duration of this effect 
of earonamide. Essentially the same blood concentrations of penicillin were 
attained with the injection of 25,000 units of penicillin plus earonamide as 
resulted from the injection of 50,000 units of penicillin without an adjuvant. 
Such blood concentrations of penicillin are probably entirely adequate for the 
control of infections clue to organisms ordinarily responsive to penicillin 
therapy, except for those due to unusually resistant strains. If toxicity and 
intolerance do not prove to be limiting factors in the use of earonamide, this 
drug plus 25,000 units of penicillin, intramuscularly, every two hours, will 
probably result in the maintenance of adequate blood penicillin concentrations. 
Such a regimen, however, while saving of penicillin, does not obviate the need 
for repeated injections, which is one of the chief disadvantages of penicillin 
treatment. From a practical viewpoint, therefore, the chief interest in such 
substances as earonamide and sodium benzoate lies in their possible value in 
enhancing the effectiveness of penicillin when given by mouth or in single 
daily injections in peanut oil and beeswax. 

Although it is impossible to define an adequate level of penicillin, experi- 
ence with in vitro tests indicates that penicillin concentrations of 0.03 to 0.06 
unit per milliliter are generally adequate for control of infection with the 
majority of strains of pneumococcus, hemolytic streptococcus of group A, 
gonococcus, and Streptococcus viridans. From two to eight times as much peni- 
cillin may be needed for the control of infections due to some strains of these 
organisms as well as to many strains of staphylococcus and meningococcus. 15 ' In 
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the present study, when 100.000 units of penicillin were taken orally every two 
hours, adequate plasma penicillin concentrations were not achieved in a large 
proportion of the blood samples. Two-thirds of the blood specimens obtained 
one hour after this oral dose of penicillin, and one-half of the specimens ob- 
tained two hours after this dose, contained 0.03 unit or less per milliliter. 

Caronamide was of definite value in enhancing the penicillin coneentiation 
in the plasma when penicillin was given by mouth. Tn SO per cent of the blood 
samples obtained one and two hours after the ingestion of 100,000 units of 
penicillin, the administration of caronamide was associated with a tv. of old or 
greater increase in the plasma penicillin concentration: in 40 per cent the 
increase was fourfold or greater over the corresponding control samples, ’ll hen 
the subjects took caronamide. 70 per cent of the blood specimens contained 0.1 
unit or move per milliliter one hour after the dose of penicillin, and 54 per 
cent of the samples still contained 0.1 unit or more per milliliter two hours 
after the dose of penicillin. Unfortunately, caronamide did not maintain ade- 
quate penicillin concentrations for three hours. The effect of sodium benzoate 
was essentially the same as that of caronamide for two hours after the oral 
dose of penicillin. The duration of effect of this drug was not measured be- 
yond two hours, but the data strongly suggested that sodium benzoate likewise 
does not maintain effective plasma penicillin concentrations for three hours 
after a dose of 100.000 units of penicillin orally. The combination of sodium 
benzoate and caronamide together with 100.000 units of penicillin orally, every 
fhree hours, resulted in optimal plasma concentrations for two hours and ade- 
quate concentrations of penicillin for three hours. Although this regimen 
appears to yield good results, it seems likely that a considerable number of 
patients will he unable to tolerate it. 

While the foregoing data suggest the value of caronamide or sodium ben- 
zoate as adjuvants for the successful use of orally administered penicillin, they 
omit consideration of a serious limitation : namely, the differences in response 
which individual subjects exhibited. 'When oral penicillin was given alone, 
variations in the plasma concentrations attained were evident not only in dif- 
ferent subjects, but also in the same subjects from hour to hour. The time of 
ingestion of meals and the fluid intake have an important influence on blood 
eoncenti-ations of penicillin. 1 - 16 and such influences were undoubtedly respon- 
sible for some of the variations observed. When caronamide was taken, how- 
ever. the individual valuations in plasma penicillin concentrations were greatly 
accentuated. For example. Subject P. R. (Tables I. II. and VII) eonsistently 
exhibited a poor response to caronamide and to sodium benzoate ; Subject N. P. 
(Table I), on the contrary, bad an unusually good effect from the administra- 
tion of caronamide. Such unpredictable individual variations, while recog- 
nized in the pharmacology of all drugs, have been particularly noted with the 
oral administration of penicillin. 3 They render uncertain any attempt to 
define minimal effective dosage schedules for penicillin, which can be used 
routinely without the necessity of measuring the blood concentrations. 

In keeping with the findings of others. 11 the results in the present studv 
indicate that only a minority of patients maintain an effective concentration 
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of penicillin in the blood twenty-four hours after the intramuscular injection 
of 600,000 units of penicillin in peanut oil and beeswax. Less than 0.03 unit 
of penicillin per milliliter of plasma was present at twenty-four hours in seven 
of twelve patients, and only two had concentrations of 0.1 unit or more. It is, 
therefore, of interest that when caronamide was administered throughout the 
twenty-four hours folio-wing the injection of penicillin in wax and oil, only 
three of twelve had plasma penicillin concentrations of less than 0.03 unit per 
milliliter, and six had 0.1 unit or more per milliliter of plasma. The inconsist- 
encies in the results, however, are such that a definite opinion as to the value 
of caronamide cannot be expressed. Individual variations are undoubtedly of 
importance when penicillin is administered by this route as well as by mouth, 
and, in addition, such factors peculiar to this route of administration as the 
accuracy of measurement of the dosage, variations in the site of deposition of 
the penicillin in the tissues, and amount of muscular activity, influence the 
resulting plasma penicillin concentrations. 

The foregoing discussion implies a field of usefulness for caronamide and 
sodium benzoate which practical considerations may negate. Despite their 
effect, it is believed that these drugs will prove to be of only limited value 
when penicillin is given by intermittent intramuscular injection. The saving 
in the cost of penicillin may be more than offset by the inconvenience and poten- 
tial toxicity of additional medications.® A similar conclusion probably also will 
soon apply to penicillin in peanut oil and beeswax. Larger doses in more con- 
venient preparations will obviate the need for adjuvants such os these. 

In the field of oral penicillin therapy these substances may have greater 
usefulness. In terms of the plasma penicillin concentrations attained, oral 
therapy is not only inefficient and costly, but also unreliable. The addition of 
caronamide or sodium benzoate, while not permitting any reduction in the 
dosage of oral penicillin, at least appears to assure more satisfactory blood 
concentrations than can be obtained without them. 

SUMMARY AND CONCLUSIONS 

1. The effectiveness of caronamide (4'-carboxy-phcnylmethanesulfonanilide) 
in enhancing the plasma penicillin concentration was studied in thirty-five 
adult subjects. This effect was compared with that of sodium benzoate. 

2. The only toxic effects of caronamide encountered were nausea and mild 
diarrhea in a few individuals. 

3. The administration of 100,000 units of penicillin by mouth resulted in 
low plasma concentrations one and two hours after each dose. The concurrent 
administration of caronamide resulted in a twofold or greater increase in 
plasma penicillin concentrations in 80 per cent of the blood samples, and a 
fourfold or greater increase in 40 per cent of the samples. This enhancement 
of the plasma penieillin concentration by caronamide was maintained for two 
hours but not for three hours after each dose of penicillin. 

♦Experience acquired since the completion of this manuscript indicates that in situations 
in which more than a million units of penicillin per day are required, the concurrent ad- 
ministration of caronamide may be of considerable value. Increases of twofold or greater in 
plasma penicillin levels may be obtained, and result in considerable saving in the amounts of 
penicillin required. 
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4. In subjects who received 25,000 and 50,000 units of penicillin inli<i- 
iiiusculavly, the concurrent oral administration of caronamide likewise in- 
sulted in two- to eightfold increases in plasma penicillin concentrations in 
most instances. When penicillin was injected in peanut oil and beeswax the 
effects of earonamide were variable, but in the majority of instances plasma 
penicillin concentrations were increased. 

5. Caronamidc had no effect on the plasma concentration of streptomycin 
when the latter substance was administered in multiple intramuscular injections. 

6. In general, sodium benzoate was as effective as earonamide in increas- 
ing plasma penicillin concentrations when penicillin was given by mouth or by 
intramuscular injection. The ingestion of both sodium benzoate and earon- 
amide by subjects receiving penicillin by mouth resulted in a greater enhance- 
ment of plasma penicillin concentrations than was effected by either of these 
agents alone. 

Technical assistance was given in these studies l>y Anna Maxell. 
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A WATER-SOLUBLE PREPARATION EOR PROLONGING EFFECTIVE 
PENICILLIN LEVELS IN BODY FLUIDS 


Leo Loewe, M.D., Harold B. Eiber, M.D., Erna Althrk-Wkhukr. Ph.I)., 
and Mary Kozak Shore, A.B. 

Brooklyn, N. Y. 

T HE exigencies of routine clinical practice frequently call for the use of a 
single daily dose inject ible preparation of penicillin that can he relied 
upon to obtain and maintain effective therapeutic levels of the antibiotic in 
body fluids. The preparation, ideally, must be stable, water soluble, nontoxie, 
and nonirritant, and it must be capable of easy and safe administration. 

To meet these basic criteria, the following formula* 1 has been developed 
and employed successfully: 


Crystalline sodium salt of penicillin (5 (.'100,000 Oxford units) IS 0.0 niff. 

Ephedrinc sulfate 25.0 mg. 

Epinephrine diliydrochloride 3.0 niff. 

Eucupine diliydrochloride 1.0 mg. 

Gelatin-dextrose mixture (dried weight) SOO.O to 3, 200.0 nig. 


When sterilized, dehydrated, and bottled, the preparation appears as a 
homogeneous powder. On the addition of 2 ml. of distilled water, the powder 
dissolves readily at room temperature and with great facility if the container 
is agitated or gently heated by immersion in hot tap water. The resultant 
amber-colored, water-clear solution may then be drawn up into a 5 or 10 mi- 
syringe through an 18- or 19-gauge needle and injected without undue haste, 
subcutaneously or intramuscularly, using a 20-gauge needle. A delay hi in- 
jection of more than thirty minutes at room temperature may solidify the gel 
which can then again be fluidified by gentle heat as indicated. 


rationale 


The vehicle, as described, is composed of penicillin, vasoconstrictors, a 
local anesthetic, and the gelatin-dextrose mixture. The final pH of the de- 
hydrated preparation, as bottled, is 6.0. 

Crystalline sodium penicillin G, 300,000 Oxford units, is the conventional 
dose for repository injection. It is noteworthy that special penicillins, such as 
the calcium salt, are not essential for this preparation. If it is desirable to 
augment the standard dosage, it can be done by merely incorporating addi- 
tional penicillin in the 2 ml. sterile distilled water which is used to reconstitute 
the preparation. 


From the Department of Medicine and Department of Laboratories, Jewish Hospital of 
Brooklyn. „ „ 

Aided by grants from the John L. Smith Fund for Medical Research and William R. 
Warner & Co.‘, New York, N. V. 

Received for publication, April 7, 1947. 

•Thp penicillin and gelatin-dextrose preparations -were supplied by Chas. Pfizer. & Lo-; 
Inc., B rooklyn N Y. We are indebted to Dr. Richard Pasternack, of that organization, for 
his "interest and cooperation. 


832 



WATr.R-soi.riiu: imikparation roit 


PKOI.ONCINU I’KNHTl.l.lX EKVELS S33 


The vasoeonst rivtors are included for additive prolonging effects. Fol- 
lowing the injection, because of the vasoconstrictor drugs, ihc patient ma\ 
occasionally complain of transitory palpitation and nervousness. Xo objccti\e 
vasoconstrictor effects have been observed in any of the subjects. 

The eueupinc dihydroehloride serves as a local anesthetic. The hydrogen- 
ion concentration of 0.0 is optimal. Vi itb this pi I the penicillin remains stable 
at room temperature for long periods ot time. Furthermore, there is no 
deterioration of the vasoconstrictor drums nor is there precipitation of the 
eucupiue dihydroehloride. 

In the course of our studies with heparin, the Pitkin menstruum was 
adopted as the vehicle in order to accomplish a slower and more equable ab- 
sorption of the drug and to supplant the cumbersome technique of intravenous 
administration. 1, 2 The Pitkin menstruum was devised for regulating and 
retarding the rate of release of water-soluble drums injected subcutaneously 
or intramuscularly. The clinical deportment of heparin in the Pitkin men- 
struum has been reported on several occasions."'’ 

The possibility of utilizing the Pitkin menstruum for penicillin was ex- 
plored with only partially successful results because both the water content 
and the low pH induced by the acetic acid in the menstruum were deleterious 
to penicillin. 

These shortcomings were overcome by (1) the selection of gelatins which 
are more compatible with penicillin and more physiologically acceptable by 
body tissues. (2) elimination of acetic acid. (3) adjustment of pIT, and (4) 
dehydration of the preparation. 

The selection of a satisfactory gelatin* is predicated on several factors. 
While gelatins are nonallergenic and therefore may be employed in preparing 
vehicles for intramuscular injections, they differ considerably in their chemical 
and physical properties, depending upon the source material and method of 
extraction. 

The gelatin of choice must have a suitable molecular weight and jelly 
strength. To be of practical value this gelatin must lend itself readily to 
dehydration and reconstitution in aqueous solution at room temperature. 


TECH XI C OF ADMINISTRATION 


The steps in the administration of the preparation have been previously 
indicated but may be summarized as follows: 

1. Warm the bottle by immersion in hot water and/or by agitation. 

2. Expose the rubber diaphragm and sterilize with alcohol; inject 2 ml. of 
sterile distilled water. 

3. Reimmerse the bottle in warm water in a basin or under the tap. 

4. With an 18- or 19-gauge needle withdraw the solution into a 5 or 10 ml. 
sterile syringe. 

5. Substitute a 20-gauge needle and inject the gel subcutaneously or intra- 
muscularly, first withdrawing the piston slightly to make sure that a vein has 
not inadvertently been entered. 


«° express our appreciation to Dr. Thomas E Donn»r ... ... , „ 

Geiatin Co.. Camden. X. J„ for his interest and cooperation ?n this phase of our h problem Kn ° X 
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RESUETS 

The clinical deportment of the various dehydrated penicillin and gelatin- 
dextrose preparations has been observed in over 300 subjects. The series in- 
cluded normal controls and ambulatory and bed patients with and without 
infections. These clinical observations were for the purpose of establishing 
the composition of the optimum preparation, having in mind its anti-infective 
properties, its effectiveness in prolonging penicillin levels in body fluids, the 
absence of toxicity, freedom from local reactions, and case of administration. 
Stability studies on the preparation were also carried out with bottles that 
were stored at room temperature for more than a year. 



Analysis of data (Table I) and a composite graph (Fig. 1) of blood levels* 
of twenty-four consecutive patients disclose measurable amounts of penicillin 
up to twenty-four hours following a single dose of 300,000 Oxford units in the 
gelatin-dextrose preparation. The pattern of blood levels in this group of 
twenty-four patients is characteristic for all subjects receiving the optimum 
preparation. The average blood penicillin levels are at peak during the initial 
eight to thirteen hours (0.08 to 1.91 Oxford units per milliliter) and then taper 
off to a level (0.015 Oxford units per milliliter) which is still bacteriostatic for 
many of the ordinary penicillin-inhibitable infecting organisms. These include 
most strains of gonococci, pneumococci, hemolytic streptococci, and staphylo- 
cocci. In no instance has the preparation of choice been toxic or productive 
of local reactions. 


•The penicillin assay method used was that desciihed by Rosenblatt, Alture-Werber, 
Tfashdan and Loewe," which employs Streptococcus pyogenes C203 as test organism, in a 
comparative study this system was found by Dolkart, Dey, and Schwemlein’ to yield generally 
and P at times, appreciably lower values than the Food and Drug Administration as^y procedure 
described by Randall. Price, and Welch,* which uses Bacillus subtllls NRRL B-55S as the 
test organism. 
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RESULTS 

The clinical deportment of the various dehydrated penicillin and gelatin- 
dextrose preparations has been observed in over 300 subjects. The series in- 
cluded normal controls and ambulatory and bed patients with and without 
infections. These clinical observations were for the purpose of establishing 
the composition of the optimum preparation, having in mind its anti-infective 
properties, its effectiveness in prolonging penicillin levels in body fluids, the 
absence of toxicity, freedom from local reactions, and ease of administration. 
Stability studies on the preparation were also carried out with bottles that 
were stored at room temperature for more than a year. 



Analysis of data (Table I) and a composite graph (Fig, 1) of blood levels* 
of twenty-four consecutive patients disclose measurable amounts of penicillin 
up to twenty-four hours following a single dose of 300,000 Oxford units in the 
gelatin-dextrose preparation. The pattern of blood levels in this group of 
twenty-four patients is characteristic for all subjects receiving the optimum 
preparation. The average blood penicillin levels are at peak during the initial 
eight to thirteen hours (0.08 to 1.91 Oxford units per milliliter) and then taper 
off to a level (0.015 Oxford units per milliliter) which is still bacteriostatic for 
many of the ordinary penicillin-inliibitable infecting organisms. These include 
most strains of gonococci, pneumococci, hemolytic streptococci, and staphylo- 
cocci. In no instance has the preparation of choice been toxic or productive 
of local reactions. 


™ h . nenlcillin assay method used was that descubcd by Rosenblatt, Altme-Weiber, 
„omilnpive‘ which employs Streptococcus pyogenes G203 as test organism. In a 
Kashdan and oe . tem wa3 f 0U nd by Dolkart, Dey, and Sehwemlein 7 to yield generally 
comparative study this sys e vaJue3 than the Food and Drug Administration assay procedure 
t^'crUjemby' Randall. Price, and Welch,’ which uses Bacillus subtills NTtRL. B-55S as the 
test organism. 
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Table I. Analysis of Blood Penicillin Levels in a Semes of Twenty-Four Patients 
Injected (Subcutaneously or. Intramuscularly) With 300,000 Units or 
Penicillin in the Gelatin- Dextrose Pkefakatio.v 


number of fatients I 

I l Hit. 

| -1 HR. 

| "111!. 

i JO lilt, i lit III!. 

1 10 nn. 

1 1!) Illi. 

1 22 Hi:. 

! 2 1 Hit. 

TESTCO 

| 21 

i 21 

i 21 

1 21 



IMM 

1 so 

( 0 

Xumber of patients 
with a level of 0.03 
units per milliliter 
or more 

31 

21 

21 

21 

23 

15 

•i 

0 

0 

Per cent 

10(1 

100 

100 

100 

95 

GJ 

IS 

0 

0 

Average level 
(from all deter- 
minations) units 
per milliliter 

l.!H 

1.02 

o.sa 

0.35 

0.09 

0.03 

0.03 

0 

0 

■Number of patients 
with a level of 0.015 
units per milliliter 
or more 

21 

24 

21 

21 

21 

•>;» 

oo 

16 

3 

Per cent 

100 

too 

100 

1(30 

100 

100 

100 

100 

SOO'O 

Average level 
(from all deter- 
minations) units 
per milliliter 

un 

1.62 

o.so 

0.33 

O.OS 

0.03 

0.02 

0.016 

50 


The therapeutic application of this preparation has been studied in various 
diseases such as gonorrhea, pneumococcus pneumonia, streptococcus sore throat, 
and furunculosis. The results of these studies will he the subject of subsequent 
reports. 


Ever since penicillin became available for clinical use, attempts have been 
made to devise methods for administering this agent which would overcome 
its inoidinately rapid loss through the kidneys. Although this problem has 
engaged the attention of numerous investigators, recourse, for the most part, 
must still be made to conventional, fractional intramuscular injections or con- 
tinuous venoclysis. 

. en rivo-hour intermittent, intramuscular injections, thex-e is a frac- 
tion of the treatment period wherein there is little or no assayable penicillin 
m the blood. About 60 per cent of the parenterally administered penicillin is 
excreted m the urine, mostly within one hour after intramuscular injection of 
he aqueous solution. As a result, in some infections treatment failure is al 

r,f , m :T bk ■ ™ s is espKiai17 ,m ‘ °* «®s bT “he 

® n . ta 7 nt types of organisms. Furthermore, in long-continued infections re- 
peated intramuscular injections become irksome and distressing fWi-mi 

T sortea - in , these “ 

rtt - * tae ' - » *» s 

Lt may even he necessary to incorporate in the treating,* “ 

hating agent such as sodium para-aminohippuvate in order S ° me P °. ten ' 
blood penicillin assays. 10 ' 13 P n 01 c ‘ er achieve requisite 

Penicillin has been emulsified in beeswax nnri y, + ..... 

water mixtures 1 * as a means of retarding absorntiorf IT* ^ “ ° U and 

° bsorption and prolonging the action 
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of penicillin and thus obviating frequent repeated intramuscular injections 
necessary with aqueous solutions. While the penicillin assays in body fluids 
of patients so treated reveal adequate levels for acute infections, the con- 
tinued use of these foreign insoluble vehicles has certain disadvantages. Local 
reactions are common, 10 and foreign body tissue responses have been reported 
following these repositories. 17 Additional drawbacks of the oil and beeswax 
preparations are lack of stability at room temperature and technical difficulties 
of administration. For these reasons a water-soluble, wholly absorbable, stable, 
nontoxie vehicle for penicillin is preferable. 

SUMMARY AND CONCLUSIONS 

A new penicillin preparation for prolonging effective levels in body fluids 
has been described. It is water-soluble, nontoxic, free of local reactions, and 
easy to administer. It maintains measurable levels in the blood for periods up 
to twenty-four hours or longer and has retained its stability at room tempera- 
ture for more than a year. 
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USB OF MODIFIED DU BOS AXD DAVIS MEDIUM Full 
DEMONSTRATION OF ANTIBIOTIC AUTIVITV OF SUBT1L1N 
AGAINST MYCOBACTERIUM TUBERCULOSIS 

Sam C. Wonu,* Ai.vis S. IIamiu.v, Jk., and Hamilton II. Andehson 
San Francisco, Came. 


A TTEMPTS to demonstrate the antibiotic activity of subtilin in vitro against 
Mycobacterium tuberculosis by means ot the classical Long s synthetic 
medium have yielded inconsistent results. 1 With any antibiotic, such as sub- 
tilin, which has been shown to lose 68 per cent of its activity when held at 
37° 0., pH 7.3, for six days, 3 a single, initial application has proved to be 
inadequate. 3 It is obvious that the results obtained at the end of three weeks’ 
exposure (the usual growth period) do not represent initial activity. In addi- 
tion, the classical method, which consists of boating the inoculum, does not 
permit intimate contact between the antibiotic and all mycobacteria present in 
the culture. In fact, only those organisms present in the base and periphery 
of the inoculum seem to he affected. 

A recently developed liquid medium which appears to circumvent these 
difficulties is that of Dnbos and Davis, 1 who made use of a synthetic wetting 
against under the trade name of "Tween 80” to facilitate submerged growth, 
and a purified albumin (Cohn's Fraction V) to increase the growth rate of 
mycobacteria. In the present communication we wish to report our experience 
with the use of this medium to demonstrate the antibiotic activity of subtilin 
against a virulent strain of Myco. tuberculosis. 


materials and .methods 


Myco. tuberculosis f was the organism employed. Two lots of subtilin, one 
of which was more toxic for mice than the second, were used. The composition 
of the slightly modified Dubos and Davis medium is given in Table I. The 
diluted ” Tween SO” solution was autoclaved in the same manner as the medium, 
while the bovine albumin! was sterilized by Seitz filtration. All reagents 
were chemically pure and the pH of the medium was adjusted to 7.2. It was 
autoclaved at 15 pounds of pressure for fifteen minutes. The medium was 
incubated for sterility at 37° C. for twenty-four hours before use. All pH de- 
terminations were made with the Beckman pH meter. To demonstrate anti- 
biotic activity the scheme of mixing the subtilin solution and the medium, shown 
— was adopted. The subtilin solutions were measured by means of 
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Table IV. Results op Microscopic Examination or (i next : a Via Tissues to Diffki.t:\t;ati: 
THE BACTEKIOETATIO AX’J> BaiTEK/CIUAL PllOl'KKTIFS OF aoiml.IN 


ANIMAL 

CONCENTRATION 
OF SUiniMN- IN 
INOCULUM 

yisinsv.H 

1 (control) 

0 

Liver; massive tubercle infiltration 

Lung: tubercles present throughout 

2 (control)* 

i) 

Lymph nodes and spleen; tubercles present 

Liver: greater involvement than in other tissues 


1 :10,000 

No evidence of tuberculosis 

•i 

1:10,000 

No evidence of tuberculosis 

5 

1:20,000 

No evidence of tuberculosis 

(5 

1 :20,000 

No evidence of tuberculosis 

7 

1 .-W, 000 

Lung: numerous early lesions found 

8 

1 :40,000 

No evidence of tuberculosis 

9 

1 : SO, 000 

Spleen: tuberculous invasion noted 

10 

1 : SO, 000 

No evidence of tuberculosis 

11 

1 : 100,000 

Lung; earlv lesions and areas of consolidation 

12 

1:100,000 

Lung: tubercles present 

Liver: overwhelming invasion noted 

Spleen: tubercles present 

13 

1 -.200, 000 

No evidence of tuberculosis 

U 

1:200,000 

Spleen: tubercles present 

Testis: caseation observed 


‘Died on the nineteenth dny of infection. 


1 .-20,000 dilution of lower of subtilin was definitely bactericidal, while dilutions 
between 1 .-40,000 and 1 .-200,000 of the antibiotie appeared to be bacteriostatic 
rather than bactericidal. This was substantiated by die finding that five of 
eight animals inoculated with cultures containing these dilutions revealed vari- 
ous stages of tuberculous infections when animals were sacrificed four weeks 
after initial infection. In the third place, infections among the experimental 
animals (Animals 3 to 14) on the whole were less severe than in the controls. 
This wonld further indicate that the number of organisms originally present 
was small since microscopic examinations did not reveal their presence. 

A comparison was made between the tuberculin skin test and the macro- 
scopic and the histologic findings in guinea pigs infected with tuberculosis. It 
was found that histologic studies gave the highest number of positives. Since 
only one dose of tuberculin was used it is conceivable that animals with early, 
mild infections may not develop allergy to a degree detectable by 0.03 mg. of 
P. P. D. In general there is close agreement among the three tests. 

COMMENT 

The use of modified Dubos and Davis medium has permitted the rapid 
evaluation of an antibiotic, subtilin, against a virulent strain of Mtjco. tubercu- 
losis, the result of which has, heretofore, been inconclusive. This was effected 
by incorporating a synthetic wetting agent, “Tween SO,” and by the addition 
of a purified albumin fraction to a simple synthetic medium. The iormer made 
possible submerged growth while the latter increased the growth rate of the 
acid-fast bacilli, all of which favors subtilin standardization. 

Although subtilin regularly inhibited the growth of our strain of Myco- 
bacterium in concentration of 1 .-400,000, subsequent animal inoculation revealed 





imuis ANO DAVIS M EDI I'M AND ANTIBIOTIC ACTIVITY OK .SI’IITILIN 


841 


that its baetorieida! property in vitro was low. H required a concentration of 
1:20,000 to .sterilize the organisms employed in these tests. If may be inferred, 
therefore, that the chief mode of action of this antibiotic in vivo is bacteriostatic 
since the concentration of this amount in the blood stream or tissues can hardly 
be achieved. Unpublished data from this laboratory indicate that subtiiin is 
precipitated in the presence of sodium chloride. Concent rations of subtiiin 
(University of California Lots 8 and 10) greater than 0.1 mg. per cent appear 
to be precipitated in the blood. Nevertheless, the marked bacteriostatic effect 
shown here in conjunction with the low toxicity of subtiiin are favorable indi- 
cations for therapeutic trials. A less toxic .salt-soluble fraction of subtiiin is 
now available for such trials. 7 


Sl’MMAKY 

The modified Dubos and Davis medium is suitable for demonstrating the 
antibiotic activity of subtiiin against a virulent human strain of Myco, tuber- 
culosis. Under the conditions of the test a 1:400,000 dilution of subtiiin reg- 
ulai’ly inhibited the growth of these organisms, while dilutions of 1 :20,000 or 
lower were required to achieve bactericidal effect. 
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FURTHER OBSERVATIONS ON THE CULTIVATION OF TUBERCLE 
BACILLI FROM PATHOLOGIC MATERIAL IN DUBOS MEDIA 


George E, Foley 
Boston, Mass. 

INTRODUCTION 

T HE bacteriologic diagnosis of tuberculosis still is dependent upon the dem- 
onstration of the tubercle bacillus by direct microscopic examination, by 
animal inoculation, by culture, or by various combinations of these methods. 
Although the guinea pig remains the method of choice, especially with small 
specimens or specimens of material which are not easily obtainable, the decreas- 
ing use of animal injection has placed more and more emphasis on cultures 
for the diagnosis of those cases which are negative by direct microscopic ex- 
amination. In the past years several generally satisfactory methods for the 
cultivation of Mycobacteria have been developed, such as Dorset’s, 1 Petra- 
gnani’s, 2 Lowenstein’s, 3 and SehwabaekerV variations of coagulated egg media. 
Most of these, if properly prepared and used with reasonable cave, yield a 
high percentage of positive results. Fundamentally, however, there are two 
objections which might be made to such media: (1) difficulty in preparation 
and (2) the time required to obtain growth of tubercle bacilli from pathologic 
material, often a matter of six or eight weeks, 

Dubos 5 recently described a medium which not only supported the growth 
of minimal inocula of stock strains of tubercle bacilli, but also permitted the 
rapid growth of cultures planted with such inocula. Foley 0 in a recent study 
found that such media could be used for the isolation of tubercle bacilli from 
pathologic material. The purpose of the present study is to report further 
experience with these media in the bacteriologic diagnosis of tuberculosis. 


METHODS 

In the previous study 0 several variations of the basic medium as described 
by Dubos 5 were employed. Since there appeared to be little difference in the 
results obtained in these various media, further investigation has been limited 
to the use of one formula, that most recently described by Dubos 7 (Table I). 


The mineral base can be prepared as a stock solution and then stored at room tem- 
perature with the addition of a few drops of chloroform, the various solutions (and a'gar 
if desired) being added lust prior to use. Serum albumin must be inactivated before use 
in media containing “Tween” since it may contain sufficient lipase to split “Tween” 
into free fatty acids which inhibit the growth of the tubercle bacillus. Duboss recently 
suggested the addition of sodium fluoride to the medium to inactivate the serum albumin 
lipase. Preliminary experiments in this laboratory with the H37BV strain indicate that 
as little as 0.005 per cent sodium fluoride is sufficient to prevent lipase activity and yet 
not interfere with the growth of the tubercle bacillus. 


From the Department of Pathology and Bacteriology, Massachusetts General Hospital. 
Presented at a Session of the Laboratory Section of the American Public Health Associa- 
tion at the Seventy-Fourth Annual Meeting in Cleveland, Ohio. Nov. 13. 1040. 
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Table I. Cultivation ok Tubercle Bacilli From Pathologic Material: 
Preparation ok Media 


Potassium phosphate (Dihydrogon) 
Sodium phosphate (DisoiHum) 
Sodium citrate 
Magnesium sulfate 
•‘Tween” SO* 

Casein hydrolysate 
Distilled water ad. 


1.00 Gni. 

G.L*.) Gm. 

1.30 Gm. 

0.60 Gm. 

3.00 ml. of 10 r /c aqueous solution 
20.0(1 ml. of lO^r neutral solution 

UOim.OO ml. 


Adjust to plT 7.0-7.2 with normal sodium Hydroxide 
Dispense in 5 ml. volumes in properly prepared tubes 
Autoclave at 1.7 pounds for fifteen minuted 
To each 5 ml. tube of sterile media, add aseptic-ally: 

0.400 ml. of 3 per cent serum albumin in 2 per cent saline! 
0.005 ml. of 10 per cent vegex,$ autoclaved aqueous solution 
0.050 ml. of 10 per cent glucose, filtered aqueous solution 


*A polyoxyethylene derivative of sorbltan monootcate, product of Atlas Powder Company. 
Wilmington, "Del. “Tween" must He kept In refrigerator and made up fresh each time medium 
is prepared. Stored in the mineral base it rapidly splits into products inhibitory to the growth 
of the tubercle bacillus. 

tBovine fraction V, Armour Laboratories. Chicago. III. Desiccated albumin mu^t be kept 
frozen. Solution prepared fresh In 2 per cent saline for each iot of media, altered through a 
Seitz or porcelain Alter, and inactivated at ."t>“ C. for thirty minutes. 

tProduct of Vege.v Corporation, New York. X. T. 

Mine ml base may be stored at room temperature with a few drops of chloroform. 

"Tween," albumin, glucose, and vegex must be added Just prior to use. 

All minerals C.P.. not recrystaUized. 


The fluid medium was dispensed in 5 ml. amounts in 7 by 1 Pyrex glass test tubes 
which previously had been chemically cleaned, rinsed with distilled water, stoppered with 
cotton, and autoclaved at 15 pounds of pressure for fifteen minutes instead of the usual 
sterilization by dry heat. The preparation of glassware is most important, since residual 
soaps, oils rendered from cotton plugs by dry heat, fats, etc., may inhibit the growth of 
the tubercle bacillus. 

Duboss also has described a solid medium prepared by the addition of 1.5 per cent 
agar-agar and 0.001 per cent ferric ammonium citrate to the mineral solution with “Tween” 
(Table I). The mineral base, “Tween,” and agar-agar are autoclaved; vegex, glucose, and 
serum albumin are added asepticallv. The agar is dispensed in Petri dishes with moist 
filter paper attached inside the cover. After inoculation the dish is sealed with adhesive 
tape to prevent the loss of moisture by excessive evaporation. 

Por cultural examination, 5 to 20 ml. volumes of the specimens were digested for 
periods varying from one-half to two hours at room temperature with an equivalent volume 
of 3 per cent hydrochloric acid, then neutralized to approximately pH 7.0 with 3 per cent 
sodium hydroxide. The digest was centrifuged and the sediment concentrated in one-tenth 
to one-twentieth the original volume in sterile physiologic saline. The shorter periods of 
digestion are desirable since prolonged treatment with acid or alkali undoubtedly kills 
some of the tubercle bacilli in the sample. Catheterized or bladder urines and gastric 
aspirations usually can be freed of commensural bacteria by digestion for one-half hour 
or less, while material such as sputum usually requires longer periods. Media were inocu- 
ated with 0.1 to 0.5 ml. of digest and incubated at 37“ C. for twenty-one days. Acid-fast 
smears were examined as soon as visible growth appeared ; in any case, on the seventh, 
ourteenth, and twenty-first days of incubation. The final smear on the twenty-first dav 
was made on the centrifuged sediment of the broth cultures. 


Since the previous report, 6 197 specimens have been examined for tubercle 
laeilh by these methods as well as by guinea pig inoculation. Of these, twenty- 
!*? t , were posItive either by culture or guinea pig, or both. The results ob- 
amect with these positive specimens are summarized in Table II. 
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Table If. Cultivation ok Tubkkclk Baiuu Vium Uathouhhc Material: 
Comparison ok Guinea Pig Inoculation With Cultivation in 1 Judos’ Media 



NUMBER OF j 
POSITIVE 

| NUMBER 

POSITIVE BV j 

| INCUBATION IN BAYS 

MATERIAL 

•SPECIMENS | 

| GUINEA PIG 1 CULTURE i 

1 RANCH 

J MEAN 

Biopsy material 

Eye 

1 

t 

i 

7 


Lymph nodes 

o 

o 

O 

7 

0 

Miscellaneous 

2 

o 

O 

10-14 


Gastric aspiration 

2 

t 


11-21 

12 

Joint fluid 


;t 

A 

3-21 

15 

Urine 

Bladder 

5 


5 

7-13 

12 

Catheterized 

2 

o 

♦> 

7- 9 

8 

Sputum 

<■> 

0 

•It 

7 

7 

Spinal fluid 

5 

5 

3 

10 

10 

Total 

28 

27 

24 

5-21 



‘Patient with positive culture and negative guinea pig- not available for further study. 
tOno of two guinea pigs positive on each of two specimens which were negative by cultuie. 


RESULTS 

As is shown in Table IT, twenty-three (82 per cent) of the twenty-eight 
specimens which contained tubercle bacilli were positive by culture as well as 
by guinea pig. One additional specimen, a gastric aspiration which was posi- 
tive by culture, did not produce tuberculosis in guinea pigs. The incubation 
periods of these positive specimens ranged from five to twenty-one days, with 
a mean of 10.6 days, remarkably little time for the bacteriologic diagnosis of 
tuberculosis. The remaining specimens, two sputa and two spinal fluids, were 
positive by guinea pig only, tubercle bacilli not being found in culture. 

The results obtained with this small series of specimens are combined with 
those previously reported 0 in Table III. Of the fifty-seven specimens which 
contained tubercle bacilli, fifty (87.7 per cent) were positive by culture, a 
figure which is not significantly different from the fifty-four (94.6 per cent) 
specimens which were positive in guinea pigs. The incubation periods for the 
positive cultures in this larger series ranged from five to twenty-seven days, 
with a mean of 10.6 days. Forty-four (88 per cent) of the positive results 

Table III. Cultivation ok Tubercle Bacilli From Pathologic Material : 

Results Obtained With Positive .Specimens 



' NUMBER 

OP 

NUMBER | 

POSITIVE BY 

PER CENT 

POSITIVE 

INCUBATION 

IN DAYS 

MATERIAL 

SPECI- 

MENS 

GUINEA 

PIG 

CUL- 

TURE 

BY 

CULTURE i 

RANGE 

| MEAN 

Biopsy, surgical, and 

7 

7 

7 

100.0 

0-14 

30.5 

post-mortem material 
Gastric aspiration 

s 

7* 

8 

100.0 

7-27 

12.0 

Joint fluid 

5 

5 

5 

100.0 

5-21 

14.3 

Urine 

14 

14 

13 1 

92.8 

7-20 

3 1.4 

Sputum 

30 

W 

13t 

81.2 

5-21 

7.0 

Spinal fluid 

7 

7 

4 

57.3 

0-10 

S.O 

Total 

57 

54 

50 

87.7 

5-27 

10.0 


•Patient with negative guinea pig and positive culture not uvailable for further .study. 
fOne guinea pig positive on ease witli negative culture. 

JTwo sputa negative in guinea pigs and positive by culture were from known cases of 
tuberculosis. 
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were obtained with incubation periods of fourteen days or k'.s.s, a sharp con- 
trast to the eight to twelve weeks usually required for diagnosis by guinea pig 
inoculation. 


As yet, too few positive specimens have been studied on the solid medium 
to permit analysis. The few strains isolated as well as the stock cultures of 
tubercle bacilli grew as small, smooth, soft, colorless, semitransparent colonies 
after seven to ten days of incubation. Colony morphology was not unlike th.it 
of the streptococcus, markedly different from the hard, granular, opaque 
growth usually observed in coagulated egg media, hour spinal fluids which 
failed to grow in broth yielded positive results within ten days when culti- 
vated on the agar medium. 


Discrssiox 


The specimens (Table IV) with which divergent cultural and guinea pig 
results were obtained are of particular interest. A positive cultural result 
with those specimens which were negative by guinea pig suggests either of 
two explanations: such results merely represent differences in the number of 
tubercle bacilli in the inoeula used for culture and guinea pig or these strains 
were avirulent. In the ease of the two sputa, the former seems the most likely 
since both specimens were obtained from patients known to have tuberculosis. 
In the case of the gastric aspiration, repeat specimens for further study were 
unobtainable and it could not be established whether the patient did or did 
not have tuberculosis. The microorganism isolated had the cultural and growth 
characteristics of tubercle bacilli but was avirulent for guinea pigs. 


Table IV. Cultivation of Tubercle Bacilli Prom Pathologic Material: 
Discrepant Results Between Guinea Pig Inoculation and Cultivation in Dcbos’ Media 


MATERIAL 

TOTAL | 

X UMBER 

OP SPECIMENS 

NUMBER OF SPECIMENS 

POSITIVE G.P. 
POSITIVE 
CULTURE 

1 POSITIVE G.P. 

NEGATIVE 

1 CULTURE 

NEGATIVE G.P. 
POSITIVE 
CULTURE 

Gastric aspiration 

s 

7 

0 

i 

Brine 

14 

13 

i 

0 

Sputum 

16 

11 

3 

O 

Spinal fluid 

7 

4 

3 

0 


A positive guinea pig and a negative culture on the same specimen also 
is amenable to either of two explanations. If the material contained but a 
few tubercle bacilli, it is conceivable that acid digestion might reduce the 
number of viable cells below the minimum necessary for growth in artificial 
media. The alternate explanation is the probability that certain strains fail 
to grow in these media. Dubos s feels that the medium does not yet provide 
the optimal factors essential for the growth of all strains of tubercle bacilli. 
That there are differences between various strains is well illustrated by the 
four spinal fluids which were negative in fluid media but yielded prompt posi- 
tive results when cultured on Dubos' agai’. 

Saprophytic Mycobacteria as yet cannot he sufficiently differentiated to 
permit the exclusive use of these media for the specific diagnosis of tuber- 
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eulosis on certain kinds of material; namely, urine and gastric aspiration. 
However, in those instances where further bacleriologie identification is indi- 
cated, the use of an isolated culture for guinea pig injection affords a con- 
siderable saving of time. 

SUMMARY 

The fluid and solid media recently described by Dubos have been success- 
fully applied to the rapid cultivation of tubercle bacilli from pathologic material. 

Of fifty-seven positive specimens examined in fluid media, fifty (87.7 per 
cent) were positive by culture, while fifty-four (94.6 per cent) were positive 
by guinea pig inoculation. Incubation periods for the positive cultures ranged 
from five to twenty-seven days, with a mean of J0.6 days. Forty-four (88 per 
cent) of the positive results were obtained within fourteen days of incubation. 

Too few specimens have been examined on the solid medium to permit 
analysis. Four strains which failed to grow in broth grew readily on the solid 
medium. Colony morphology on this medium is strikingly different from that 
observed on coagulated egg media. Growth occurs as soft, discrete, semitrans- 
parent colonies not unlike those of the streptococci. 
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DISCREPANCIES IN THE AGGLUTINATION TEST FOR BRUCELLOSIS 
AS PERFORMED WITH VARIOUS ANTIGENS AND AS REPORTED 
FROM DIFFERENT LABORATORIES 

0. Wesley Eiskle, Norman B. McCullough, axd Gkace A. Beal 

Chicago. III. 

INCONSISTENCIES in the results of brucella agglutination tests when per- 
1 formed on the same serum with different antigens have been the cause of 
concern in our laboratory. Although close attention was given to uniformity 
and accuracy of the technical details of the test, nevertheless, significant differ- 
ences in titer have been observed with disconcerting frequency when several 
commercial antigens were used in routine testing. Furthermore, results obtained 
with different lots of the same commercial antigen were not infrequently at 
variance with each other. 

Similar experiences have been noted by others. Serum from a patient with 
culturally proved chronic brucellosis reported by Spink, Hall, and Aagaard 1 
was sent to two different laboratories for agglutination tests. One laboratory 
reported that no brucella agglutinins were present; the other reported an agglu- 
tinin titer of 1 :400. Angle, Algie, and Morgan 2 observed similar discrepancies 
and cite an example in which a serum was reported by a state laboratory as 
giving a negative test for brucella agglutinins, but on which positive tests were 
obtained by them in dilutions of 1 :640 with three commercial antigens. 

The present study was undertaken to explore the extent of the variability 
of brucella agglutinin titers as determined with different antigens and also as 
reported by different laboratories. It is an attempt to determine the deviations 
one might expect to encounter in actual practice under existing laboratory 
conditions. 

PROCEDURE 

Fifteen milliliters of serum were collected from each of eighteen individuals known 
to have moderate brucella agglutinin titers. In seven of the patients, blood cultures had 
been positive for Brucella abortus from sixteen months to seven years before, but the infection 
was considered to be quiescent at the time of the present tests. In one individual, brucella 
agglutinins had developed in response to vaccination for cholera. 3 The other ten were pre- 
sumed either to be suffering from chronic brucellosis or to have recovered from the disease. 
In addition, sera were collected from three rabbits, each of which had been infected with 
one of the three species of Brucella — melitensis, abortus, and suis. Because of the very high 
agglutinin titers of these rabbit sera, dilutions were made with normal rabbit serum to bring 
the titers into a more moderate range. 

The opsonocytophagic test was done on the blood of each patient at the time the 
serum was collected. In the blood of fifteen of the patients, there was marked phagocytosis 
by 30 per cent or more of the leucocytes, while the other three showed moderate phagocytosis. 
This tends to confirm further the specific identity of the antibody response in these patients. 

Each serum was collected and prepared aseptically and was divided into sis lots in 
sterile, s toppered tubes. One tube of each serum was sent to each of five laboratories other 
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Table I. The Results of Brucella Agglutination tests Perfokmed ox 


TESTS IN OUR LAIlOItATORV 


TEST TUBE ANTIGEN'S RAPID SLIDE ANTIGEN’S 

1 2 .1 j 4 5 0 7 S 9 10 

1/100 1/920 


SERUM 


1 . 

N. C. 

o 

M. A. 

3. 

D. S. 

4. 

S. L. 

5. 

S.B. 

6 . 

M. A. 

7. 

O. F. 

S. 

.T. B. 

9. 

C. 0. 

10. 

A. B. 

11. 

W. P. 

12. 

M. F. 

13. 

P. M. 

14. 

J. S. 

15. 

W. T. 

16. 

P. V. 

17. 

J. tv. 

IS. 

.T. G. 

19. 

Rabbit — Br. 


abortus 

20. Rabbit — Br. 

melitensis 

21. Rabbit — Br. 

suia 


1/100 1/220 
1/160 1/100 
1/100 1/320 
1/S0 1/100 

1/320 t 1/320 
1/S0 1/160 

1/12S0 

1/320 t 1/040 
1/40 1/S0 

1/320 f 1/320 
1/S0 1/100 

1/100 1/040 

1/040 t 1/1280 
1/320 1/1280 

1/320 1/040 

1/20 
1/100 
1/040 

1/040 

1/320 


1/160 

1/160 

1/160 

1/160 

1/SO 

1/160 

1/320 

1/160 

1/S0 

1/80 

1/160 

1/160} 

1/S0 

1/160 


1/320* 

1/320 

1/320* 

1/40 

1/S0 


1/160 

1/S0 

1/S0 

1/160 

1/160 

1/640 

1/160 

1/640 

1/320* 

1/320 

1/160 


1/40 

1/160 

1/160} 


1/200' 1/100 
1/200* 1/1 00 1 
1/200* 1/100 
1/200* 1/200 f 
1/100 1/50 

1/100 1/1001 
1/100 1/100 
1/200* 1/500' 
1/200* 1/2001 
1/50 1/25 

1/200* 1/100 
1/50 1/25 

1/200* 1/100 
1/200* 1/100 
1/100 1/100 
1/200* 1/100 
1/251 1/25 

1/100 1/501 

1/200- 

1 / 200 * 

1 / 200 * 


i/400* 1/200 
1/200 1/200 
1/4001 1/100 
1/400* 1/200 
1/100 1/100 
1/200 1/100 
1/400* 1/2001 
1/400* 1/400* 
1/400* 1/200 
1/100 1/501 

1/400* 1/200 
1/100 1/50 

1/400* 1/100 
1/400* 1/200 
1/400* 1/200 
1/400* 1/200 t 
1/100 1/25 

1/200 1/100 
1/400* 1/400* 

1/400* 1/50 

1/400* 1/100 


1/100 1/200 
1/100 1/2001 
1/100 1/100 
1/100 1/2001 
1/50 1/50 

1/50 1/100 

1/50 1/50 

1/400* 1/400* 
1/100 1/100 
1/50 1/50 

1/100 1/200 
1/50 1/50 

1/50 1/100 

1/100 1/200 t 

1/50 1/100 

1/100 1/200 
Neg. 1/25 
1/100 1/2001 
1/100 1/500 

1/50 1/100 

1/100 . 1/200 


♦The maximum titor obtainable with this antigen. 

tPartial agglutination but agglutination usually complete in the next lower dilution. 


than our own with a request for routine brucella agglutination tests. No information was 
given to the laboratory concerning the clinical histories, nor were the reasons for requesting 
these tests divulged. Two public health laboratories, two private clinical laboratories, and 
one veterinary laboratory were selected as representative of those commonly used in practice. 

The sixth tube of each serum was tested in our own laboratory against the following 
ten antigens: seven commercial rapid slide antigens, one commercial test tube antigen, one 
test tube antigen supplied by the Bureau of Animal Industry of the U. S. Department of 
Agriculture, and one test tube antigen prepared in our laboratory from Br. abortus strain 
295 in accordance with the directions of Huddleson.s The eight commercial antigens were 
purchased on the open market and represented all those which were available to us after 
a thorough search of sources. Several of the specimens were not tested with all the antigens 
because of insufficient sera. AH tests performed in our laboratory were in accordance with 
standard techniques. 7 - 

As a matter of interest, sera were similarly collected from three patients who had 
recently received intravenous combined typhoid vaccine for fever therapy. These sera 
were tested for typhoid agglutinins in our laboratory and were also submitted to live 
other laboratories. The same laboratories were used as for the brucella agglutination tests, 
except that a hospital laboratory was substituted for the veterinary laboratory. 


RESULTS 

The results of the brucella agglutination tests performed in our labora- 
tory as well as those reported from the five other laboratories are presented in 
Table I. The table also gives the maximum and minimum values reported for 
each serum by the five laboratories as well as the maximum and minimum values 
of all fifteen tests. 
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MUM 
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MUM 
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1/200 

I/SO 

f/320 

1/100 

1/SO 

1/220 

l/SO 

Aeg. 

Aeg. 

Aeg. 

Aeg. 

Aeg. 

2/640 

1/160 

Aeg. 

1/10 

Aeg. 
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Aeg. 
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Aeg. 


MM 
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1/40 

1/30 


-Him 

1/200 

Aeg. 

1/1280 

1/12S0 

1/500* 

1/320 

1/V2S0 
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1/320 

1/320 

1/S0 
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1 /200 

Aeg. 
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1/10 
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1/0 lo 

Aeg. 

Aeg. 

Aeg. 

3/100 

Aeg. 

Aeg. 

3/10(1 

Aeg. 

1/100 

Aeg. 

1/320 

Aeg. 

1/100 

Aeg. 

1/40 

1/610 

Aeg. 

1/320 

Aeg. 

1/640 

Aeg. 

1/200 

Aeg. 

1/S0 

1/12S0 

1/20 

1/610 

Aeg. 

1/200 

1/S0 

1/200 

1/20 

3 /SO 

1/12S0 

Aeg. 

1/200 

1/20 

1/640 

1/160 

1/200 

Aeg. 

1/S0 
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Aeg. 
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1/300 
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1/640 

1/320 
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1/610 

Aeg. 

1/640 
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3/640 
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1/100 
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1/320 
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1/S0 

| 1/500 

Aeg. 
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In the titers reported from tlie five laboratories other than our own, it will 
be noted that of the twenty-one sera submitted, eighteen were called negative 
by one or more laboratories. Of these eighteen “negative sera,” all except 
one were reported by other laboratories as positive in titers ranging from 1 :100 
to 1:640. 

The variations of the agglutinin titers obtained in our own laboratory with 
the ten different antigens confirmed, in a general way, and, in a few cases, ex- 
tended the magnitude of the deviations reported by the other laboratories. In 
our laboratory, however, only one serum was found to be negative in any test. 

The variations in the brucella agglutination tests of six selected eases are 
presented graphically in Fig. 1. 

The typhoid and paratyphoid agglutination tests that were reported on the 
sera from three patients treated with intravenous typhoid rombined vaccine are 
presented in Table II. Inconsistencies in the titers reported by different labora- 
tories are evident in these data also. 

discussion 

The brucella agglutination test is more widely used than any other pro- 
cedure in the diagnosis of brucellosis. It is used extensively in the diagnosis 
of the human disease as well as being the generally accepted criterion for the 
presence of infection in cattle. At the first Inter-American Brucellosis Con- 
gress held in Woden City in 3046, various speakers indicated that "the agglu- 
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ANTIGENS ANTIGENS LABORATORIES 

CASE RM. ACUTE BRUCELLOSIS WITH BLOOD CULTURES 
POSITIVE FOR BR. ABORTUS 26 MONTHS BEFORE. 
PROMPT AND COMPLETE CLINICAL RECOVERY 
WITHOUT RELAPSE. 



CASE J.S. ACUTE BRUCELLOSIS WITH 8LOOO CULTURES 
POSITIVE FOR BR. ABORTUS 28 MONTHS BEFORE. 
PROMPT AND COMPLETE CLINICAL RECOVERY 
WITHOUT RELAPSE. 
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LABORATORIES 


CASE N C. CHRONIC BRUCELLOSIS ACUTE ILLNESS 

WITH BLOOD CULTURES POSITIVE FOR BR ABORTUS 
2 YEARS BEFORE. 


I 23456789 10 ABODE 
TEST TUBE RAPID SLIDE TESTS IN OTHER 
ANTIGENS ANTIGENS LABORATORIES 

CASE G.F CHRONIC BRUCELLOSIS (ARRESTED ?), BLOOD 
CULTURES POSITIVE FOR BR ABORTUS 16 MONTHS 
BEFORE. 


* THE MAXIMUM TITER OBTAINABLE WITH THIS ANTIGEN 

Fiij i. Variations in the results of brucella agglutination tests on the same serum when per- 

formed with various antigens and when reported from different laboratories. 
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Tutu* II Amhatination Tk.^ts for Tyhumd and Paratyphoid*. 

Results of Tests on the Same Serum Kkeoktei> From Different Laboratories 




OUR laboratory j 

1 

ANTIGEN 

TEST 

TCBE 

ANTIGEN 

PLATE 

ANTIGEN* 

l (A. F.) 

Typhoid 

Typhoid O 
Typhoid II 
Paratyphoid A 
Paratyphoid B 


1/320* 

2 (V.F.) 

Typhoid 
Typhoid O 
Typhoid II 
Paratyphoid A 
Paratyphoid B 

1/100 

1/50 

1/250 

1/320* 

3 (H.W.) 

Typhoid 
Typhoid O 
Typhoid H 

1 Paratyphoid A 

1 Paratyphoid B 

1/2500 

1/1000 

1/1000 

1/320* 


OTHER LABORATORIES 


I'CBUC 

health 

LABORA- 

TORY 

A 


PUBLIC 

MUTATE 

MUTATE 

HEALTH 

CLINICAL 

CLINICAL 

LABORA- 

LABORA- 

LABORA- 

TORY 

TORY 

TORY 

B 

C 

D 


M» 


1/160 


I/CIO 


Meg. 

1/12S0 

Meg. 

1/640 

Meg. 

I/SO 

1/160 

1/320 

Meg. 

1/320 

1/12S0 

1/12S0 


1/400 

1/1000 

1/500 

1/500 

1/200 

1/400 

1/200 

1/400 

1/300 

1/2000 

Meg. 

Meg. 


1/500* 


1/S0 

1/160 

1/160 

1/160 

1/640 

1/320 

1/320 

1/640 


HOS- 

PITAL 

LABORA- 

TORY 

F 


1/640 

1/12S0 

1/2560 

1/2560 

1/640 

1/640 

1/640 

1/640 

1/2560 

1/2560 

1/2560 

1/2560 


•The maximum titer obtainable with this antigen. 


tination test continues to be the most useful procedure in the diagnosis of active 
brucellosis .” 4 It is therefore of considerable importance to evaluate the re- 
liability and accuracy of the test as it is applied in actual practice. 

The significance of the agglutination test in relation to human brucellosis 
has long been subject to discussion, and its interpretation in terms of clinical 
infection may be a difficult task indeed. The question is frequently asked, -what 
is a clinically significant titer? An unqualified answer cannot be given and a 
number of limitations must be considered. 

Several sources of difficulty in the interpretation of the brucella agglutina- 
tion test arise from biologic factors. It is well known that individuals vary 
markedly in their ability to produce brucella agglutinins in response to clinical 
infection. Also, different strains of the organism vary in their agglutinogenic 
power. Many authors 1 ’ 5 have reported cases of brucellosis verified by blood 
cultures in wffiieh no serum agglutinins appeared. Conversely, apparently 
healthy individuals with significant titers in their blood are found in braeella- 
agglutinin surveys. Thus, blood from a patient who has braeellosis may con- 
tain no agglutinins, while blood from a symptomless individual may contain 
them. 

It has long been known that infection with Pasturetta tularense produces 
a cross-agglutination response for brucella. Recently, we have shown that sig- 
nificant titers of brucella agglutinins, as well as opsonins, develop in most in- 
dividuals receiving the standard two-dose cholera vaccination . 3 This response is 
due to an H antigen of Vibrio comma. 

In addition to the irregularities of agglutinin response arising from the un- 
controllable biologic variables, the present studies demonstrate that the measure- 
ment of brucella agglutinins in any given serum is subject to great variation 
with the usual laboratory methods. The magnitude of this variation is such 
that of twenty-one sera submitted to five qualified laboratories for routine test- 
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ing', reports on each of eighteen varied from completely negative to positive in 
dilutions of 1:100 to 1:640. Two-thirds of the so-called “negative tests” were 
reported elsewhere as positive in dilutions of L :I120 or 1 :040 — titers which are 
considered by many physicians as substantiating a clinical diagnosis of bru- 
cellosis. Similarly, a negative test is often regarded as excluding that diagnosis. 
Depending on which laboratory report is accepted as the actual titer, at least 
two-thirds of the cases of this series can be thus either “ruled out” or “sub- 
stantiated.” That such blind reliance on agglutination tests is deplorable is 
well demonstrated by these data. Our views on the clinical interpretation of the 
agglutination test have been discussed in previous publications. 0 

We do not intend to imply that the brucella agglutination test is a useless 
procedure. If one is not indifferent to the sources of error and if one does not 
attempt to interpret the test too strictly, it may be a useful adjunct to diagnosis. 
We believe that the variations observed in this study are mainly due to a lack 
of standardization of the antigens. Angle, Algic, and Morgan 2 noted similar 
diversity in agglutination titers when they used antigens which they prepared 
from twenty stock strains of brucella. Variations of technique of the test may 
also be a contributing factor. The admonition of the Committee on Bang’s 
Disease of the United States Live Stock Sanitary Association 7 bears repeating: 
“The reading of tests should be carried on only by individuals who have had 
wide experience in this work. Extreme care should be exercised in the observa- 
tion of tests to minimize the discrepancies resulting from improper or careless 
observation.” It would appear that much of the difficulty could be avoided if 
standardization of all antigens were supervised by some central agency, or if 
standard sera were available for checking antigens. The test as used in our 
laboratory has given consistent results when antigens prepared from the same 
strain have been employed. 

Limited observations on the results of typhoid and paratyphoid agglutina- 
tion tests made on sera from patients treated with typhoid vaccine suggest 
that the variations observed in the agglutination test for brucella also occur 
in other agglutination tests. It is noteworthy that the agglutinin response in 
these patients was the result of vaccine therapy rather than of a natural infec- 
tion, as was the case in the brucella sera. It should also be mentioned that 
inconsistencies in the testing of typhoid and paratyphoid agglutinins are of 
considerably less clinical importance than in the case of brucella agglutinins. 
In comparison with brucellosis, the agglutination test plays a relatively minor 
role in the diagnosis of the enteric infections. 

SUMMARY 

1. Wide variations in brucella agglutinin titers were observed in each of 
twenty-one sera tested with ten different antigens in our laboratory. Tests on 
the same sera made in five other laboratories showed equally great discrep- 
ancies. 

2. Of the twenty-one sera tested, eighteen were called negative by one 
or more laboratories. Of these eighteen “negative sera,” sixteen, or 89 per 
cent were elsewhere called positive in titers of 1 :200 or higher ; twelve, or 
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67 per cent, were called positive in dilutions of 1 :320 or 1 :640 — titers which are 
frequently considered as substantiating a clinical diagnosis of brucellosis. 

3. Depending on which laboratory report is accepted as the actual titer, 
two-thirds of the eighteen cases can be either “ruled out” or “substantiated” 
by commonly accepted but deplorable practices of interpretation of the test. 

4. Limited observations on typhoid and paratyphoid agglutination tests 
suggest that the variations observed in the tests for brucella also occur in other 
tests. 
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HUMAN BIHJCELLA MELITENSLS INFECTIONS IN MINNESOTA WITH 
HOG'S AS THE PROBABLE SOURCE 


Paul Kahlek, M.D., Pii.D.,* Henry Bauer, M..S„° and 
C. Baktox Nelson, M.D., M.lMI.f 
Minneapolis, Minn. 

T HREE species of the genus Brucella , abortus, melitcnsis, anil xuis, arc 
recognized as the etiologic agents causing brucellosis in man and animals. 
Brucella abortus and Brucella suis, etiologic agents for brucellosis in cattle and 
hogs, respectively, have been recognized in Minnesota since laboratory diagnosis 
was begun. The melitcnsis species, usual ineitanf of brucellosis in sheep and 
goats, has not previously been established as present in man or livestock in this 
state. 

K abler and MacLanahan 1 in 1936 reported on forty strains of Brucella 
isolated in Minnesota from human eases of brucellosis. They classified these 
strains as follows: twenty-live strains of Br. suis, thirteen strains of Br. abortus, 
and two strains with conflicting reactions, one of which appeared to he Br. suis 
and the other Br. melitcnsis. 

Jordan and Borts 8 in 1946 reported the isolation of twenty-six strains of 
Br. melitcnsis in Iowa from human eases of brucellosis. One strain was isolated 
in 3930, and twenty-five strains have been isolated since December, 1943. 

The present report, based on laboratory findings and epidemiologic in- 
vestigations made in 1945-1946 by the Minnesota Department of Health, deals 
primarily with thirteen strains of Br. melitcnsis isolated from human cases of 
brucellosis. 

MATERIALS AND METHODS 

Blood Culture. — Twenty-five milliliters of lwicto-tryptose broth, pH ti.S, containing 1 
per cent sodium citrate, were placed in a 2-ounce rubber diupluagm screw-capped bottle 
and sterilized. A lead foil cover was placed over the cap and crimped tightly around the 
neck of the bottle. The bottle was then mailed to the physician with the instructions to 
draw, aseptically, 5 ml. of blood from the patient during a febrile attack, to insert the 

needle through the diaphragm of the eap and e.xpel the blood from the syringe into the 

broth, replace the lead foil over the cap of the bottle, and letnrn the bottle to the labora- 
tory by mail. 

Upon receipt of the culture in the laboratory, approximately 10 per cent of the air 

was aseptically removed from the bottle and replaced with an equal volume of CO.. The 

broth culture was then incubated at .17° C. After five days of incubation, four tubes of 
bacto-tryptose agar, pll (J.S, were inoculated, each tube receiving approximately X ml. of broth 
culture. Two tubes were incubated aerobically at .'17° l’. and two tubes in an atmosphere 
of 10 per cent CO.. The broth cultuie was returned to the 07° C. incubator for another 
ten days, after which time four more tryptose agar slants acre inoculated and incubated 
as previously described. Each set of subcultures was observed every other day for a period 
of two weeks. No blood cultures were discarded as negative before thirty days. 

Prom the '.Minnesota Department of Health. 
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Brucella species were ideatitied according to their CO. requirements, shilling ^action.-, 
fermentation reactions, bacteriostatic action of dye plates, H.N formation «•' desercbed by 
lluddleson ami eo- workers,- 1 and serologic tests. 

.tjfglutiiidtioiui . — Macroscopic tube agglutination tests for the presence of Brucella 
agglutinin* were insole with serum obtained from chitted whole blood specimen* submitted 
by the attending physician. 


I.AltOltATOKV A XI) KftDK.M lot. (Hite UA’VA 

During the yen its of 1945 ami 194(5, a total of 193 Brucella .strains were 
recovered from human sources. Of these strains, 165 (84.;> per cent) were lit. 
abortus, 15 (7.S per cent) were l»r. .sum. and 13 (0.7 per cent) were Hr. mdi- 
tensis. 

The results of the laboratory tests and the epidemiologic findings of the 
thirteen human eases of brucellosis due to Hr. melifensis are summarized in 
Table I. 


Table I. Thirteen Cases or' Human liucceu.usts pen to Hr. mi-lihnsi.v: summary or 
Laboratory Findings and Et'tPK.uioi.ooir Data 


■ 

■■ 

■ 

AGGLUTINATION* 
REACTION | 

POSITIVE 

BLOOD 

CULTURES 

ANIMAL I 

[ CONTACT ] 





DATE 

RECEIVED 

TITER 

DATE 

RECEIVED 

! 

1 HOGS 1 

| TATTLE 

PROBABLE source 

OF INFECTION 

1 

G.D. 

53 

2/13/45 

1:2500 

2/10/45 

Yes 

Xo 

Fucking plant, handling 
hog salvage 

o 

C.B. 

39 

3/26/45 

1:2500 

3/2S/45 

Yes 

No 

Packing plant, handling 
hog casings 

3 

IV. F. 

40 

3/31/45 

1:320 

4/ 3/45 

Yes 

No 

Packing plant, handling 
hog casings 

4 

M.P. 

19 

4/30/45 

1:5120 

5/23/45 

Yes 

Xo 

Packing plant, handling 
hog casings 

Packing plant, lard mak- 

5 

W. K. 

50 

5/10/43 

1-.12S0 

5/13/45 

Yes 

So 

W 

K. D. 

29 

6/ S/45 

1:5120 

0/21/45 

Yes 

So 

Itip, 

Packing plant, hog kill 

7 

R.B. 

20 

0/21/45 

1:1280 

6/24/45 

Yes 

So 

Packing plant, bog kill 

$ 

L. J. 

29 

7/13/45 

1:040 

7/20/45 

Yes 

So 

Packing plant, pork trim 

D 

R.C. 

25 

9/11/45 

1:100 

9/20/45 

Yes 

So 

Pocking plant, shackling 
hogs 

10 

C.H. 

34 

5/ 2/46 

1 -.5120 

5/15/40 

Yes 

.'Yes 

Farm abortion in hogs 
( cows nonreactors) 

u 

t.fi. 

51 

0/19/40 

- 1 :2500 0/21/40 

Yes 

So 

Packing plant, hog kill 

12 

L. H. 

30 

7/ 0/40 

- 1 :5120 7/14/40 

Yes 

Yes 

Farm, handling aborted 
material from hogs 
(no history of abor- 
tion in cattle) 

13 

11. D. 

35 

7/30/46 1:5120 S/ 3/40 

Yes 

So 

Packing plant, shackling 
hogs 


All the eases presented in Table I are men; the youngest was 19 years of 
age, and the oldest 53 years. All had symptoms consistent with the diagnosis 
of brucellosis. Eleven of the thirteen patients were packing plant employees 
who handled either live hogs or pork products. Six of the employees handled 
the hogs at the time of killing, and four handled the pork within forty-five 
minutes of the killing. One employee, a pork trimmer, handled the pork the 
day after the animal was killed. 

It is noteworthy that all the thirteen patients were residents of four Min- 
nesota counties that border the northern section of Iowa. Two were farmers 
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both of whom owned hogs bred and raised locally which aborted. There was 
no history of abortion in the cattle on either of these farms. Unpasteurized 
cow’s milk was used by two of the thirteen patients; and one obtained raw milk 
from a cow that gave a negative reaction when tested for Bang’s disease. 

The hogs handled at the packing plant all came from Minnesota or from 
points in Iowa, and North and South Dakota, which are readily accessible by 
truck and rail to the Minnesota market. 

COMMENTS 

The isolation of Br. melitensis from the blood of persons in southern Min- 
nesota demonstrates this organism as being endemic in this area. 

Br. melitensis was originally regarded as the etiologic agent of brucellosis 
in sheep and goats, and it was believed that these animals act as reservoirs for 
this organism; however, there is evidence*- 5 that all species of Brucella may 
infect cows, hogs, sheep, or goats. That hogs are susceptible to Br. melitensis 
is indicated in the statement by Huddleson 3 : "Melitensis is pathogenic for the 
hog. While I was in Malta in 193S, I saw evidence of its pathogenicity. A 
considerable amount of left-over unpasteurized goat’s milk was fed to a group 
of pregnant sows. All of them aborted. Melitensis was recovered from the 
fetuses. For some reason this observation was never reported in the literature.” 

In the series of cases presented in this report, there is no history of con- 
tact with sheep or goats. The epidemiologic findings show that all patients 
had direct contact with hogs; in two cases there was contact with cattle in which 
there was no history of Bang’s disease. • 

SUMMARY 

1. Br. melitensis has been isolated from blood cultures of thirteen human 
cases of brucellosis. 

2. All the patients were men having direct contact with hogs; eleven were 
packing plant employees and two were farmers. 

3. Epidemiologic studies of Br. melitensis infections incriminate hogs as 
the source of infection; in at least two of the cases, the hogs were bred and 
raised In Minnesota. 

4. All human cases of brucellosis due to Br. melitensis that have been de- 
tected to date are residents of four counties in south-central Minnesota. 
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THE DIFFRACTION METHOD OF MEASURING RED BLOOD CELLS 

Adriaxus Piji*kr, M.D., D.Sc. 

Pretoria, South Africa 

T HE history of the diffraction method of measuring red blood cells is a story 
of a luckv accident. It is only because of a mistake by a technical assistant 
that the method is in use today and has been able to make its contribution to 
medical science both by stimulating investigations into the diameters of red 
cells and as a diagnostic method. In 191S I planted a drop of centrifuged urine 
into clear broth. Next morning there was a faint haziness, indicating bacterial 
growth, but on shaking the bottle, a small number of glittering small particles 
became detached from the bottom. They whirled through the liquid and ex- 
hibited a bluish-greenish radiancy. Thinking I had found a new color-producing 
microbe, I made subcultures on agar. A variety of colonies developed, none of 
them obviously colored. One evening, having another look at the colonies, I 
moved the Petri dish up and down in front of an electric light bulb. It was 
then that I noticed that some colonies exhibited a curious colored gloss, in which 
bluish green predominated, with a faint suggestion of the other colors of the 
spectrum. (This phenomenon, once one knows of it, can easily be seen in thin 
surface cultures of many bacteria if one holds the culture between the eye and 
a bright source of light, preferably in a darkroom. It is what textbooks some- 
times vaguely call “iridescence.”) These colonies turned out to be ordinary 
staphylococci, but since the color phenomenon persisted in subcultures, I started 
making extracts of them with various solvents, hoping to isolate the elusive color- 
ing substance. I failed in this, and then it dawned upon me that the phenomenon 
might be physical and not chemical. I first thought of fluorescence and then 
suddenly realized that I was dealing with diffraction of light, the surface culture 
acting as a diffraction grating. I went back to the original broth culture and 
found that the shiny particles were powdered glass and had nothing to do with 
the phenomenon, having merely found their way into the broth through a mis- 
take of a technical assistant. (We had been using powdered glass for estima- 
tions of atmospheric bacteria, following a method then in vogue.) In pursuance 
of the idea that diffraction was the cause of the phenomenon, an apparatus was 
constructed in which a beam of white light was sent through a surface culture 
of staphylococci, and the resulting diffraction colors were collected and focused 
onto a screen. 19 A formula was developed enabling one to calculate the diameter 
of the cocci from the diameter of the dift'raction spectra. By substituting a 
culture of round monilias for the cocci, a cheek was obtained on the correctness 
of the formula. 19 I then considered that the principle of diffraction, which 

5 , should also work with round 
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T * ’ Sem lhroUKh tiiin cnd ° r “ W««l Aim. undergoes 
ia ticn at the edges oi the red cells and produces sets of colored rings, ar- 

ori.dn V V, 111 , ! 0 "' ° r spcclruni las!uou J1,,d sometimes called halos. This is the 
" a dllh>iK ' llon nMfthods f o«* measuring red blood cells now in van* 

^ It is shown in Fig. 1, and similarly in Figs. 2 and 3, that there is only one 
1 e c spectrum where all the colors are easily discernible. This is the 
spectrum to be used for measurements and comparison. 

tlK n iol,cnvm o 3’ears little scientific notice was taken of this method, 
xap by Bergansnmg- .Millar,- Ponder,-- - and Allen and Ponder.* During this 

\ !■ C] T l T "' aS ,mproved and Hi^iied to the measurement of various 
11 7 s lw ! umii ll,at, stimulated by a publication of 
mi-is 23 ml t lle T' ,;S .’ 4 . a t ,,) m‘ d | he method to the differential diagnosis of ane- 
varietv nt 1<?H ° a "’ Up "~ \ arious authors and firms then produced a 

clinical mi TrT \ 01 '. ai,,),yin ” U,c met,lod - Emmons 7 brought out the 
S , jVe V nu 1 a llalomek ' 1 ‘ became s.rangelv popular and 

aehtl P, c W b L ^ C U ' eCt ha!omak '>- to which a Dr. Fine’s' name was at- 
own lt,, "- ' SI ? P ‘ d the hal ° method ; Edwards- built a simple box of his 
„ ml a ,1C "’ fWWtometer (sic) designed by Dr. Malloy; Renshaw 

the ervthin -Tt S ^ 0<c oi a lc ' u °visor they were planning; and Bock 1 introduced 
Ml ! T m Y 11 ? bccame Widely *** 011 the continent of Europe, 
halometer CelS , l | Sed Un a PP ai 'afus of their own and also a Ewles 

which cm l Ls °P mm anci Craighead-’ suggested an ingenious mieromethod 
Inch employed a microscope, and FalisP on similar lines produced a micro- 

ome T rit f m f0l !° Wed a " a - »y Smith 13 who introduced a diffrac- 
^ 10 Spence1 ' Lcns Company which appears to work 

does' not ^llo 1 common with all the methods and ap]>aratuses mentioned, it 
^ COmpar T U of tWo Wood films. Sehalm 1 1 had a pocket 

finali there " C01,stl ' uctcd apparatus of his own; and 

not complete • -i n\ lk . Kl( ‘ n ' Hausser eryfhrocyfomctcr. This list is probably 

still unknown’ to me. 1Ce ‘ ,at ^ W rUrther va, ' iations of the same the,ne 

one f-!n, i rT’ 0V T t e , nt jV**?* 1 "* Came in 1929 whc11 comparison was made in 
one apparatus oi the diffraction patterns of two different blood films.-- 31 This 

was done by cutting off one half of the set of colored circles produced by each 

o the two films and making the remaining semicircles share the same middle- 

_me on the giving screen. The arrangement in diagrammatic fashion is shown 

“ \‘ g ' 2 ' lh ’ M a ° WS dn ' ect coni Parison of an “abnormal” with a “normal” 
blood film thus doing away with the need for actual measurement in many 
eases, simple inspection of the two diffraction patterns being sufficient to get the 
required information. This design also provides for direct comparison of two 
blood films taken from the same patient at different times, a very useful feature 
in the follow-up of patients. An apparatus on these lines can easily be put to- 
gethei by a technical assistant. Eventually this improved technique was em- 

«It was later brought to my notice that Young™ j n m3 applied the same minciole to the 
» Ur ur ment ° C W ° 01 flbers < erlonleter ) and later of red blood cells. His work was never fol- 
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Fig. 3. — What appears on screen ot apparatus when normal or standard blood is com- 
pared with anemia caused by prolonged hemorrhages, malignant growth, or similar conditions. 
Spectrum on right Is broader, but yellow circle is not displaced. This means normal mean 
diameter with increased amsocytosis. 
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bodied in the apparatus placed on the market in l!)-3a by Ztdss as I ijpei s 
Blood Cell Tester. "• * Its shape and si/e aie the lesult of cooperation between 
Prof. Siedentopf, technical adviser to the Zeiss firm, and mysell. It is based 
on the idea illustrated in Fiir. 2. Pietuies of it can be found in some textbooks. 


In Fig. 2 the spectra pi educed In a noimal blood film and a blood film i'lom a 
ease of pernicious anemia aie compaied. In Fig. 3 is .shown what actually ap- 
peal's on the mound-glass seieen of the cell tester when normal blood and blood 
from a ease of anemia caused by prolomred liemorthago, malignant giowth, or 
similar conditions aie compaied. 


purpom: or run u 

The put pose of this paper is to show that, contrary to what is usually stated 
in textbooks and other publications, the diffraction method of measuring led 
cells, if propel ly applied, is capable not only of detei mining tile mean diameter 
of about one million cells, but also of determining the degiee and quality of 
anisocytosis piexent in a blood film. A good diffraction apparatus should allow 
thiee measurements or determinations One gi\es the mean diameter, the sec- 
ond gives the diameter of the smallest cells piesent m appieeiable numbers, 
and the thiid does the same tor the lamest cells All tins can be done in a few 
minutes and in this way degiee and quality ot anisocytosis are determined. 
I do not know of any other appaiatus that is capable of doing this The tech- 
nical side of this paper theretoie applies to the apparatus known as Pi.jper's 
Blood Cell Tester or to any apparatus built on identical lines 6 


IMPORT VXCE OF DETERMINING RED CELL DI \METERs 

Modem hematology emphasizes morphology Importance is attached to 
shape and size ot led blood cells Hematology owes a good deal to the careful 
nucioseopie measuiements ot reel cells by Pric-e-Jones and associates. 37 ' 41 This 
woik bi ought melations. but apart iiom an occasional special case, Pric-e-Jones' 
method and its substitutes aie too elaborate for daily application. 

The old-fashioned detei urination ot the hemoglobin index as an indication 
of the size ot the led cell still lingers on. This is indefensible because its value 
is arrived at by dmdnig a hemoglobin value by a led cell value, neither of which 
is usually determined with sufficient accuracy It is admitted that by using a 
photoelectric colorimeter, enors in hemoglobin estimations can be very much 
i educed, but there is no similar xeliable method yet tor red cell counts. It is 
known that in ordinal y woik, with the apparatus a\ ailable in most laboratories, 
an erior of 5 per cent m both these detei minations is unavoidable, an error 
ot 10 per cent is quite common, and higher errois occur. A calculation based on 
two ineoneet \ alues should m pnneiple be acoided as it leads to still more er- 
loncous final Jesuits What may happen, unless particular care is taken is 
illustrated in Table I 


v i l A1 the present time, as far as 1 know, no blood cell testers can be ohtnmeb / r „ m 

SMS? ™ 
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iABLE I. ERRORS IN DETERMINATION OE HEMOGLOBIN COLOR INDEX 



HEMOGLOBIN 
(PER CENT) 

RED CELLS 

INDEX 

Supposed real values 

Errors of 5 per cent 

Errors of 5 per cent 

Errors of 10 per cent 

Errors of 10 per cent 

90.0 

53.5 

91.5 

81.0 

99.0 

■1.0 

4.2 

3.8 

4.4 

3.0 

1.1 

1.0 

1.2 

0.9 

1.4 


Itls seen that through error's often accompanying the method, an index 
v ue 1 in lea 1 y is 1.1 can appear as high as 1.4 or as low as 0.9. Index de- 
terminations therefore are inadvisable. 

Similar objections can be raised against determinations of mean red cell 
volume by dividing hematocrit values by number of cells. What may happen, 
unless particular care is taken, is illustrated in Table II. 

Table II. Errors is Determinati o.v or Mean Cell Volume 


Supposed real values 
Errors of o per cent 
Errors of 5 per cent 
Errors of 10 por cent 
Errors of IQ per cent 


VOLUME or 
BACKED CELLS 
(PER CENT) 


39.2 
• 11.1 

37.3 
•13.1 

35.3 


NUMBER OP 
RED CELLS 


MEAN CELL 
VOLUME 


3.S0 

3.G1 

3.99 

3.12 

•1.1S 


103 

114 

93 

120 

S4 


It is seen that in a case where the mean red cell volume in reality is 103, 
errors often accompanying the method may lead to erroneous determinations as 
high as 126 or as low as 84. 

There is, of course, nothing new in this criticism; many authors admit the 
shortcomings of these methods (Todd and Sanford 10 and Wintrobe"). In ex- 
perienced hands the method for determination of mean red cell volume still 
works reasonably well, but many workers do not seem to be conscious of the 
fundamental fact that it is unsatisfactory to try and arrive at a correct value 
y m ing two incorrect values one by the other. The problem confronting 
ematologists nowadays is not only to place obvious cases into the correct cate- 
gory, but to deal with and to follow up early and mild eases in a satisfactory 
manner. These are the eases where deviation from the normal may be minimal, 
and in such eases involved calculations on not very accurate data may become 
misleading. There are, for example, cases of early subacute-combined degen- 
eration of the cord, and cases of mental changes due to early pernicious anemia 
as described by Warburg and Jorgensen, « where hemoglobin and red cells 
show too little change to lead to reliable results in the determination of either 
hemoglobin index or mean cell volume. There, in my experience, a direct de- 
termination of red cell diameter by the diffraction method may definitely show 
a quick way to the correct diagnosis. 

THEORY OB' DIFFRACTION METHOD 

Even professional physicists admit great difficulties in attempts to give a 
full explanation as to what happens when a beam of light passes through a blood 
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film. The following formula, which applies to the conditions of Figs. 1 and 1 
has, however, found favor among physicists and answers well in practice. 

1.7 A vTx 

Diameter red cell.' — 7 


In this formula “A" is the wave 


length of light under consideration, *'f" 


is the focal distance of the lens ( L ) in Figs. 1 and 2 which focuses the dif- 
fraction pattern on the screen (S), and “r” is the radius of the colored circle of 
irave length “A.” 

In the blood cell tester the lens has a focal distance of 20 cm., and r varies 
between 1.5 to 3.5 cm. As “r” is so much smaller than ‘‘f,” the formula can 
be simplified by eliminating “r 2 .” A simple calculation will show that the 
average error introduced thereby is not more than 1 per cent, which is within 
the experimental error of the method. The formula thus becomes : 


340,000 ,\ 

Diameter red rolls = r 


The colored circles which are of importance are those of yellow, outer edge 
of red, and innermost violet. This means one color rather near the middle of the 
spectrum and two othei's at the extreme ends of the spectrum. \ ellow is chosen 
because it is a narrow band, and therefore easy to read, and quite near enough 
the middle of the spectrum to he suitable. 

The position would be very simple if all red blood cells in a given film were 
of identical diameter. This is not the case in normal blood, and less so in. ab- 
normal blood. Price-Jones 37 ' 10 has shown that red blood cells form a popula- 
tion and their size distribution follows a frequency curve. There are kinds of 
anemia where this curve is a good deal flatter than normal, in other words where 
the only abnormality is an increased degree of anisoeytosis. Normal blood has 
cells of a mean diameter of about 7.5 microns, but through normal anisoeytosis 
there is an ever-decreasing number of smaller and larger cells. 

If all red blood cells in a given film were of identical diameter, it would not 
matter which color was chosen for applying the formula, the result would be 
the same in any case. The position which arises from the ever-present ani- 
socytosis is illustrated in Fig. 4. 

Shown in Fig. 4 in the left top quadrant are the three main colored circles 
resulting from a normal blood film as produced by diffraction by the cells of 
7.5 microns, which are the most numerous ones and therefore produce the bright- 
est colors. In a normal film the anisocytotie spread will comprise cells from 
7.5 to about 6.7 microns, on the one side, and cells from 7.5 to about S.5 microns, 
on the other side. In the bottom left quadrant of Fig. 4 are shown the colors 
produced by the largest cells, and in the top right quadrant the colors produced 
by the smallest cells. In actual practice of course the three sets of colored rings 
are superimposed, giving rise to the bottom right quadrant. 

It is seen that the final position of the yellow ring is hardly affected by 
the superimposition of the diffraction patterns of all the red cells. It therefore 
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can safely be used i'or the calculation by means of the formula of the mean di- 
ameter of all the red cells. 

It is also obvious that in the final spectrum the outer edge of the red circle 
is the expression of the diameter of the smallest cells in the film, and the inner- 
most violet circle the expression of the diameter of the largest cells. These 
colored circles thus can be safely used in the formula for the calculation of the 
smallest and largest cells present. Application of the formula three times, once 
for yellow, once for red, and once for violet, gives the mean diameter and the 
smallest and largest cells, in other words, the kind and degree of anisoeytosis 
present. 

It should now be clear that any diffraction method which bases its measure- 
ments on anything but the yellow circle for the calculation of mean diameter is 
faulty. A measurement based on the position of the outer edge of the red 
circle, as is oi'teir done, will result in calculating not the mean diameter, bat 
the diameter of the smallest cells. In normal blood this may not make much 
difference, as the values for mean diameter and smallest diameter lie close to- 
gether. But in cases where anisoeytosis is increased, and there are cases where 
increased anisoeytosis is the main or even only abnormal feature, a serious error 
will be committed. Increased anisoeytosis means a broader total spectrum, the 
distance between the outer edge of (he red ring and (lie innermost violet ring 
being larger than normal. It is one of the advantages of the cell tester that 
such an increase in anisoeytosis can be read at a glance, through the direct com- 
parison with normal blood (Fig. 3). 

TECHNIQUE OF READING RESULTS AND MEASURING 

The essence of good work with blood films for any purpose is even distribu- 
tion of cellular elements over a glass surface. Measurements, whether by micro- 
scopic methods or by diffraction, can only be reliable if the red cells lie separate 
over a large area. Any diffraction method needs a circular area of this kind 
of at least a quarter of an inch in diameter. If there are many cells lying partly 
on top of one another, one does not measure the diameter of single cells, and 
the results will be vitiated. A properly made blood film, made by pushing the 
polished narrow edge of a microscope slide along the surface of another micro- 
scope slide, with a drop of blood inside the angle made by the two slides, shows 
a silky glossy area at the end of the film. The speed of the movement and the size 
of the angle determine the quality of the film ; practice is essential to acquire the 
art. It is only the silky area at the end of the film that can be used for dif- 
fraction measurements (Fig. 5). A simple way of checking on the suitability 
of a blood film is to look through its thin silky end at a distant lamp. One 
should then see a number of bright rainbows round the lamp. It is only with 
pronounced poikilocytosis that the rainbows are not so bright. 

The film is moved about on the stage of the apparatus over the little hole 
which admits the light until one has found the spot which produces the brightest 
and clearest colors. This is a matter of experience. 

On the screen of a properly designed apparatus for the diffraction measure- 
ment of red blood cells, such as the blood cell tester, one sees two sets of eon- 
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centric colored circles arranged in rainbow fashion, as in big- 3. Starting from 
the center, where a bright patch of white light is covered by a small black shield, 
and traveling to the periphery, one first goes through a reddish-brown circle. 
Then follows the violet of the spectrum that is used for measurement and com- 
parison. The further colors of the rainbow appear in orderly fashion, blue, 
green, yellow, orange, and red. The red circle is surrounded by a gicen circle, 
which belongs to the next spectrum and which tor reasons into which I need not 
go now is somewhat confused. After this green there may he another red circle, 
followed again by green, and so on. For purposes of measurement and com- 
parison one need only to take notice of the complete spectrum ranging from the 
innermost violet to the outer edge of red. In Fig. 3 it is at once obvious that 
the total spectrum on the right-hand side is a good deal wider than the one on 
the left. The one on the left is produced by a normal blood film and serves as 
a standard. There are minor individual variations in what is usually regarded 
as normal blood, but as a rule a properly prepared blood film made from a 
healthy person with a hemoglobin content of over 15 ffm. per 100 ml. will serve. 



Fig. 5. — Properly made blood Aim. th«* thin silky area at the end to be used. 


Such a standard blood film, unfixed and unstained, will remain serviceable for 
many months. In Fig. 3 it is further noticed that the yellow circle on the light 
side, produced by the blood under examination, is of about the same width as that 
of the standard blood on the left. The yellow circle being the expression of the 
mean diameter of the red blood cells, it becomes obvious that the mean diameter 
of the red blood cells under examination can be regarded as normal. If absolute 
values for this mean diameter are desired, a pair of compasses is used, placing 
the sharp point of one of the legs on the yellow circle where it touches the black 
line dividing the two sets of colored circles, and then the sharp point of the 
other leg across the center on the opposite section of the yellow circle. The 
distance between the two ends of the compasses is then measured on a millimeter 
mle and the value found converted into microns by means of the conversion 
table (Table III) which is based on the formula previously given. For the mean 
diameter one uses the column in Table III marked Yellow. If, for example, 
the value found in millimeters is 54, this corresponds in the conversion table to 
a value of 7.5 microns for the mean diameter. With practice this procedure 
can be performed with an accuracy of 1 mm., which corresponds to 0.1 or 0 *> 
microns. 
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The extreme edge of the red circle is the expression of the diameter of the 
smallest cells present in appreciable numbers in the blood film. In Fig. 3 the 
spectrum on the right-hand side shows that this edge extends much farther 
outward than with the normal blood on the left-hand side. This means that 
there is increased anisoeytosis in the blood under examination, and this is con- 
firmed by the innermost violet circle which is the expression of the diameter of 
the largest cells present in appreciable numbers and which is situated much 
farther inwards than in the case of the normal blood. For absolute measurements 
one proceeds as follows. For the extreme edge of the red circle place the sharp 
points of the compasses where the green circle which surrounds the extreme edge 
of the red one just begins, so as to make sure that the extreme edge of the red 
circle where the red color is faint is really taken into account. For the inner- 
most violet, measure as near the brownish-red inner circle as possible. The 
millimeter values found are transferred to a millimeter rule and converted into 
microns by means of the conversion table (Table III), using the appropriate 
columns for Eed and Yiolet. Here, too, the error should not exceed 1 mm., which 
corresponds to an accuracy of 0.1 or 0.2 micron. In extreme cases the error 
becomes larger, but also proportionally less important. 


Tabu: III. Conversion table 


KING IN 
MILLIMETERS 

CELL DIAMETERS IN MICRONS 


CELL DIAMETERS IN MICRONS 

[yellow I 

VIOLET | 

RED 

l YELLOW 

| VIOLET i 

| RED 

25 

10.5 

11.7 

1S.3 

54 

7.5 

5.3 

8.3 

2G 

15.8 

11.2 

17.6 

OO 

7.3 

5.2 

8.1 

27 

15.2 

10.8 

16.9 

56 

7-2 

5.1 

8.0 

28 

14.6 

10.4 

16.3 

57 

7.1 

5.0 

7.9 

29 

14.1 

10.0 

15.7 

58 

6.9 

4.9 

7.7 

30 

13.6 

9.7 

15.2 

59 

6.8 

4.8 

7.6 

31 

13.2 

9.3 

14.7 

60 

6.7 

4.7 

7.5 

32 

12.8 

9.0 

14.2 

61 

6.6 

4.7 

7.3 

33 

12.3 

8.7 

13.8 

62 

6.5 

4.6 

7.2 

34 

12.0 

8.5 

13.3 

63 

6.4 

4.5 

7.1 

35 

11.6 

8.2 

12.9 

04 

6.3 

4.4 

7.0 

36 

11.3 

8.0 

12.6 

05 

6.2 

4.4 

6.9 

37 

11.0 

7.8 

12.2 

66 

6.1 

4.3 

6.8 

38 

10.7 

7.6 

11,9 

67 

6.0 

4.2 

6.7 

39 

10.4 

7.4 

11.6 

08 

5.9 

4.2 

6.6 

40 

10.1 

7.2 

11.3 

09 

5.S 

4.1 

6.5 

41 

9.9 

7.0 

11.0 

70 

5.7 

4.1 

6.4 

42 

9.6 

6.8 

10.7 

71 

5.6 

4.0 

6.3 

43 

9.4 

6.7 

10.5 ( 

72 

5.6 

3.9 

6.2 

44 

9.2 

6.5 

10.2 

73 

5.5 

3.9 

6.1 

45 

9.0 

6.4 

10.0 

74 

5,4 

3.8 

6.0 

46 

8.8 

6.2 

9.8 

75 

5.3 

3.8 

5.9 

47 

8.6 

6.1 

9.6 

76 

5.3 

3.7 

5.9 

48 

8.4 

6.0 

9.4 

77 

5.2 

3.7 

5.8 

49 

8.2 

5.8 

9.2 

78 

5.1 

3.6 

5.7 

50 

8.1 

5.7 

9.0 

79 

5.1 

3.6 

5.6 

51 

7.9 

5.6 

8.8 

SO 

5.0 

3.5 

5.6 

52 

7.7 

5.5 

8.6 

SI 

4.9 

3.5 

5.5 

53 

7.6 

5.4 

8.5 






Conversion table to be used in connection with Pijper’s Blood Celt Tester, or any other 
which uses a lens of 20 cm. focal distance. The diameters of the colored 
st and complete spectrum are given in millimeters, and from these the 
» found in the table. Thus, a yellow ring of 54 mm. would mean a mean 
■ microns; a red ring of 64 mm. would mean that the smallest cells present 

hCarmreciable numbers would measure 7.0 microns ; and a violet ring of 36 mm. would mean 
that the largest cells present in appreciable numbers would measure 8.0 microns. 
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The directions for reading and measuring and the conversion table (Table 
III) given here are based on theoretical considerations, amplified by long ex- 
perience and supported by actual comparison of results obtained by direct 
microscopic methods and the diffraction method. 

CLINICAL APPLICATIONS OF DIFFRACTION METHOD AND COMPARISON 
WITH MICROSCOPIC MEASUREMENTS 

A comparison of the results of direct microscopic measurements with the 
results of the diffraction method applied to a small number of cases has been 
published. 32 It was found that the results corresponded quite well. Similar 
work, but in less detail, has been undertaken with essentially the same results 
by Bernstein, 3 Smith, 45 Knoehe, 14 and especially Haden. 11 - 12 

I have now collected a large number of cases with two sets of measure- 
ments undertaken on the same blood film, one by the diffraction method as de- 
tailed in this paper and one by fixing and staining the cells and then measuring 
them with the filar micrometer eyepiece of Bausch and Lomb. With the micro- 
scopic method 500 cells were measured in every case, taking the cells as they 
came, avoiding any temptation toward selection. The results of the microscopic 
measurements were then plotted in the form of a Price- Jones curve. These are 
given in Pigs. 6 to 48, and underneath each curve the results of the diffraction 
measurements are given by three crosses. The middle cross indicates the mean 
diameter, and the other two indicate the diameters of the largest and smallest 
cells present in appreciable numbers. From the position of the crosses one can 
read off the degree and kind of anisoeytosis present. 

It cannot be expected that complete correspondence will be reached in all 
cases. The shape of a Price- Jones curve is the expression not only of variation in 
cell diameter, but also of variation in error committed in the computation of 
cell diameter. In addition, there is the “personal equation.” It is my experi- 
ence that no two technical assistants will return the same curve from one and 
the same blood film. The personal equation counts for much less with the 
diffraction method if it is performed as described herein, because there always 
is the direct comparison with normal blood. It follows from the nature of 
the diffraction method that the very smallest and the very largest cells are lost 
sight of, their number being too small to produce an appreciable amount of 
color. On the other hand, the diffraction method deals with at least a million 
cells, as against a few hundred dealt with by microscopic measurements, and 
with the diffraction method “selection” is excluded. 

The diffraction method requires experience and good color vision, especially 
where through extensive anisoeytosis the colors are spread over a larger area 
and become somewhat thin. Microscopic measurements, however, demand 
similar qualities. Cheeking results is easy with the diffraction method because 
it works so quickly, but it is hardly feasible with microscopic measurements 
without wasting an enormous amount of time. Marked poikiloeytosis naturally 
causes watery spectra, somewhat difficult to measure, but then there always is 
the direct comparison with normal blood. Nobody who has tried it can be very 
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satisfied with microscopic measurements in such a ease. A ease of pronounced 
pernicious anemia may through poikiloeytosis give an initial blood film with a 
very small spectrum and poorly defined colors, but this as such already represents 
useful information. It becomes even more useful if after a week’s treatment, 
the colors, in films prepared then, become more defined; if the two films are 
then placed side by side in the apparatus, even minor improvements in poikilo- 
eytosis can he read at a glance. One can repeatedly collect films from such a 
patient and directly compare them in succession with one another in the 
apparatus and so get a complete picture of t he progress of the case. 

Figs. 6 to 48 refer to a selection of eases in which red cell measurements 
were undertaken on blood films, both hv the diffraction method and by micro- 
scopic measurement. 

Figs. 49 and 50 illustrate how eases can be followed by means of the 
diffraction method. Each horizontal line gives the cell diameters of a patient 
on a particular day, the three crosses representing, respectively, the mean 
diameter (middle cross) and the smallest and largest cells (the other two 
crosses). The values can be read off in microns. The first S lines marked 
PA 1 refer to a patient with pernicious anemia and give the cell diameters in 
consecutive weeks, the first line indicating the position before treatment started, 
the second line after one week’s treatment, and so on, until after seven weeks 
more or less normal conditions are reached. The difference after one week was 
already striking, and the improvement continued every week. The larger cells 
showed a more rapid return to normal than did the mean diameter, and the 
mean diameter again changed more quickly and markedly than the smallest 
cells. 

The following five lines, marked PA 2, in similar fashion refer to another 
patient with pernicious anemia, except that the first interval here was only 
four days, the other intervals again being a full week. Obvious improvement 
took place within the short time of four days’ treatment, which was continued 
during the further weeks. Examinations stopped before full restoration was 
reached. 

Tiie next seven lines, marked PA 3, refer to a patient with pernicious anemia 
who was examined every week. Improvement was quite definite after one week, 
and more so after a fortnight, but then the patient neglected treatment for two 
weeks; this is reflected in the cell diameters, the cells increasing again in size, 
with anisoeytosis becoming more marked. Treatment was instituted again, and 
improvement in cell diameters was again achieved, but the patient responded 
poorly and progress was not satisfactory, as shown by the cell diameters. 

The lines and crosses marked PA 4, PA 5, PA 6, PA 7, PA 8, and PA 9 all 
refer to patients with pernicious anemia who were not followed for comparably 
long periods; the intervals between the separate individual observations varied 
between a fortnight and three weeks. Case PA 8 neglected treatment and this 
becomes manifest in the cell diameters. 

These further observations confirm that at every control examination during 
progress it is always the largest cells that show the biggest relative improve- 
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meat; then conic the cells of mean diameter and, hist, the smallest cells. Another 
important feature is that the diffraction method is sensitive enough to show 
definite improvement in a week or less when proper treatment is instituted anil 
may therefore take the place of the more complicated counting of reticulocytes. 

The ease marked FA.f 1 suffered from familial acholuric jaundice and was 
examined twice, the first time for diagnostic purposes, and then again a fortnight 
alter splenectomy. Here, too, the improvement is brought out very dearly by 
the diffraction method. 
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Figs. -19 and 50 — Illustrate the results of diffraction measurements in the follow-up of patients. 


SUMMARY 

A historical introduction shows how blood films came to he used as diffrac- 
tion gratings for the measurement of red cells, and how the technique was further 
developed, resulting in Pijper’s Blood Cell Tester. This is a very simple ap- 
paratus which can easily bo constructed from simple materials. Its leading 
feature is that it permits the direct comparison on one and the same screen 
of the diffraction spectra produced by two different blood films. Since the 
diffraction spectra are the expression of the red cell diameters, it follows that 
one can directly compare the cell diameters of standard normal blood with 
those of a patient, or of two blood films from the same patient, taken at different 
times. This arrangement on occasion does away with the necessity for actual 
measurement; a glance at the screen may be sufficient to decide what sort of 
anemia one is dealing with or whether the patient is making progress. Improve- 
ment in cell diameters after a few days of treatment can readily be observed 
by direct comparison of two blood films in the apparatus. 
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The advantages oC this -duplication" technique and apparatus are com- 
pared with the various instruments suggested by other authors, which, although 
based on the same original idea, do not always do full justice to the possibilities 
of the diffract ion method. 

The main purpose of the paper is to show that with the diffraction method 
in the form finally developed, it is possible not only to determine the mean 
diameter, but also the degree and quality of anisocvtosis present in a blood film. 
These determinations do not take more than a few minutes, which means a great 
saving in time as compared with the making ot‘ a Price-Jones curve. This 
diffraction method gives, in a fraction of the time, practically the same informa- 
tion as the laborious microscopic measurements of Price-Jones. It also takes 
into account a much larger number of cells. Its speed male, s it readily applicable 
to any patient. 

For differential diagnosis the importance of determining red cell diameters 
is admittedly great. The diffraction method in its proper form as described 
herein does this directly and very reliably. The indirect methods aiming at 
similar information by determining hemoglobin index or mean cell volume 
cannot be as reliable because it is necessary to divide two doubtful values through 
one another, and this may lead to gross distortion of actual conditions, as shown 
in this paper. Also, these indirect methods give mean values only, not degree 
and quality of anisoeytosis. 

The opportunity is taken of pointing out that blood films must be made 
with adequate skill and c-are to be of use in diffraction measurements. It seems 
that disappointments with the diffraction method in many instances are due to 
indifference in this respect. 

In this paper are discussed the theoretical foundations of the diffraction 
method, and the technique of making accurate measurements is given in detail. 
A conversion table ( Table III ) is included which translates the diameters of the 
colored rings into microns, both for mean diameter and degree and quality of 
anisocvtosis. This table is suitable for any apparatus working with a lens 
of 20 cm. focal distance. 

A series of eases is described in which both microscopic measurements and 
complete diffraction measurements were performed, the identical blood films 
being used for both methods. It is seen that the results correspond quite well. 

Finally, the usefulness of the diffraction method for following eases under 
treatment is illustrated. 


PRACTICAL INSTRUCTIONS FOR BUILDING A DIFFRACTION APPARATUS 
A Mutable apparatus embodying the principles of Fig. 2 can easily be built, followin'-- 


tho lines of the PijperV Blood Cell Te-^ter. of which an illu>tration j>- given m Todd and 
Sanford* 1 - ami in other textbook-. One needs, a wooden box, at the bottom of which is placed 
a 'Small electric lamp, providing a narrow light source. A .-mail circular diaphragm on top 
Ot the lamp produce.- a parallel beam of light, which reaches the horizontal stage of the ap- 
paratus- in Winch there aiv two small hole.-. (It would be a refinement to use a collector lens 
O provide a parallel beam.) In the Zeiss apparatus, contrary to the diagram, the beam strike- 

‘ ° ?: u “‘ K,rneath t,le -''“S' 1 , ljef °w »t reaches the blood films on the stage. This is the 

onh lens which is essential. It is a simple lens of 20 cm a;. 
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5 diopters is good enough. Tho horizontal stage enables one to move the blood iilma until 
tho best spot is found. Tho vertical partition which separates the two diffraction patterns 
should be made of a thin pieco of metal. The receiving screen forming the top of the ap- 
paratus should bo of iino graiu ground glass; various kinds should be tried to get best results. 

I wish to thank two of my technical assistants, Mrs. J. van Sigheiu and Miss J. Todd, 
for great care and patience exercised in tho making of Price-Jones curves. 
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THE ROLE OF PHAGOCYTOSIS L\ RESISTANCE, AS RELATED To 
AGE OF GRANULOCYTES FOLLOWING PRIMARY AND 
REINFECTION STUDIES WITH HEMOLYTIC 
STREPTOCOCCI' IN MACACOS RHESUS 


Samuki- Sasi.aw, Pii.l)., M.D., axi> Ciiaki.ks A. Doax, M.I). 

Coi.i-.m iirs, Ohio 

I N THE studies previously reported from this laboratory 1 ""' which attempted 
to analyze the relative roles of cellular and humoral immune factors in 
monkeys subjected to respiratory infections with the hemolytic, streptococcus, 
Group C, not only the quantitative response of the neutrophilic, granulocytes, 
but also the phagocytic activity (opsonocytophagic index of Huddlcson' 1 ) in terms 
of relative cell maturity were investigated. To an initial intranasal infection 
with the streptococcus, there was invariably an immediate response marked by 
an effective granulocytic leueoeytosis. A later reinfection with the same or- 
ganism quite as regularly failed to elicit any appreciable disturbance in the 
quantitative equilibrium of the circulating while blood cells. Yet there was no 
apparent change in the effective resistance of the animals. It seemed desirable, 
therefore, to analyze the opsonic index under these two conditions, and at the 
same time to correlate the Arnefh-Schilling index of maturity of the granulo- 
cytes to determine the optimum age for maximum phagocytic function under 
the conditions of this experimental study. 

Previous studies by various workers concerning the qualitative and quan- 
titative responses of the neutrophilic leucocytes to infection are not in agreement. 
Much of the discrepancy may he attributed to differences in technique and in 
the materials employed. Ilamilton-BIack 7 in 1913 observed the polymorphonu- 
clear leucocytes during the tuberculin treatment of tuberculosis. After tubercu- 
lin he noted an increase in the number of mature cells as well as a total increase 
in leucocytes. Of the number of tubercle bacilli ingested (method not de- 
scribed) he found that neutrophiles with one nucleus engulfed 10 per cent; 
with two nuclei, 18 per cent ; with three nuclei, 22 per cent; and with four and 
five nuclei, 25 per cent, respectively. ArnetlF in 1920, in examining purulent 
exudates but no peripheral blood preparations, reported that only mature leuco- 
cytes (Class 2 or 3) were concerned in phagocytosis, that the very young and the 
senile cells did not participate. Ponder and Flinn'’ in 1926 found no difference in 
the phagocytic properties of cells using Mycobacterium tuberculosis, Escherichia 
coli, Staphylococcus aureus, and Neisseria catarrhalis. Jaeobsthal 10 in 1921 used 
citrated preparations from acute myeloblast ic leueemia, myeloid leucemia, and 
Hodgkin’s disease with multiple skin infiltrations and high eosinophilia. After 
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finding staphylococci and the anthrax bacillus unsatisfactory, he used cinnabar 
and Micrococcus tetmgenus. He concluded that: 

1. Neutrophilic myeloblasts and myelocytes have the ability, in vitro, to 
pliagocytize cinnabar and bacteria. 

2. Eosinophiles are phagocytic. 

3. Observations on the blood of two cases of leueemia showed that adult 
granulocytes but not myelocytes were able to pliagocytize bacteria and foreign 
erythrocytes. 

4. Eosinophiles in cases of Hodgkin - s disease readily phagoeytized staph} lo- 
cocci, micrococci, and tubercle bacilli. 

Jung" in 1932 noted that as the number of cells increases, the percentage of 
phagocytes diminishes. 

EXPERIMENTAL. 

Materials and Methods. — Daily determinations based on a modification of 
Huddleson's method 6 were made in selected monkeys in order to study any 
variation in the phagocytic properties of the circulating granulocytes of the 
infected animals. Young cultures of Streptococcus hemolyticus, Group C, which 
were culturally characteristic and not resistant to phagocytosis, were employed. 
For each opsonic determination, cultures grown on North’s chocolate gelatin 
agar slants for eighteen to twenty-four hours at 37° C*. were used. By means of 
a sterile wire loop the growth was gently removed from the surface and emulsi- 
fied in sterile 2 per cent sodium citrate in physiologic saline solution which 
served both as a diluent and anticoagulant. The suspension was then adjusted 
by means of a nephelometer to a standard turbidity approximately equivalent to 
30 billion bacteria per milliliter. After allowing a few minutes for any clumps 
or particles to settle, 0.1 ml. of the suspension was introduced into sterile agglu- 
tination tubes to which an equal amount of blood freshly obtained from the 
marginal ear vein was added. After being well shaken, the tubes were placed 
in a water bath adjusted to 37° C. The tubes remained in the bath approx- 
imately one hour when they were shaken again and then incubated an additional 
hour at 37° C. Duplicate thick smears of the incubated blood-bacterial sus- 
pension were made on clean glass microscopic slides and dried rapidly by means 
of an electric fan. The slides were then placed in a 5 per cent formalin and 1 
per cent acetic acid solution for four minutes in order to dissolve the red cor- 
puscles and to fix the leucocytes, following which the slides were dried with 
bibulous paper and the smears stained for thirty seconds with Bordet-Gengou ’s 
toluidine blue. In determining the degree of phagocytosis, the bacteria in 
twenty-five polymorphonuclear cells were counted and the phagocytic power 
measured by the average number of bacteria engulfed by each phagocyte in 
contrast with the number phagoeytized in the presence of blood taken previous 
to inoculation. So far as possible, the individual cocci were counted. Dailv 
blood counts were made on each animal over a period of two to three weeks. 
The age of each granulocyte in terms of lohation of the nucleus was recorded 
and the engulfed bacteria counted. 
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Experiment 1 . — As noted in earlier studies 1 ' 5 primary intrauasal inocula- 
tion with the Group C streptococcus was followed by a sharp polymorphonucler 
leucocytosis but the phagocytic index was not appreciably altered. Reinocula- 
tion, however, was followed by a sharp increase in individual phagocytosis but 
no leucocytosis occurred. Thus, in order to evaluate quantitatively the number 
of bacteria phagoeytized daily, the total number of bacteria engulfed was de- 
termined by multiplying the opsonic index by the total number of ncutrophiles. 
The results obtained in the two monkeys to be discussed arc representative of 
those obtained in a group of twenty-three animals studied. 



As noted in Pig. 1, Monkey 13 showed a marked polymorphonuclear leuco- 
cytosis after primary inoculation with relatively little increase in the opsonic 
index. However, there was a definite increase in the total number of bacteria 
engulfed from a preinoculation level of 672 bacteria per cubic millimeter of 
blood to a maximum of 55,600 bacteria on the twelfth postinoculation day, with 
intermediate levels varying from 456 to 13,338 bacteria per cubic millimeter. At 
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the time of maximum phagocytosis, the opsonic index was 8 as compared with 
0.2 at the time of inoculation, while the neutropliiles totaled 7,000 as compared 
with 4,000. On the tenth postinoculation day the total number of bacteria 
engulfed was 9,660 per cubic millimeter despite a low opsonic index of 0.3 due to 
the neutrophilic increase (34,500 polymorphonuelears) ; on the eleventh day there 
were 13,338 bacteria phagocytized per cubic millimeter when the opsonic index 
was only 1.5, but the neutrophiles totaled S,775. 



Following reinoculation, three months after primary infection, there was 
a consistently higher number of bacteria engulfed due primarily to the increase 
m individual cell phagocytosis without leueocytosis, with the highest number 
o acteiia engulfed being 87,000 on the seventh day after reinoeulation with 
ie streptococcus, at which time the opsonic index was 28 while total neutrophiles 
were only 3,310. Twenty-four hours after reinoculation with the streptocoec-ui 
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ie opsonic index was 2,5 and the average number of bacteria plmgocytized per 
cubic millimeter was 50,274; (hen it fell to 0,855 after forty-eight hours but in- 
eroased on the third day to 50,557. For the next week the average number of 
>ae ena phagocyhzed per cubic millimeter varied between 45,000 and 87,000, 
with opsonic indices ranging between 13.5 and 25. 

• v alt ' 10U ”! 1 " ils apparent that there was increased phagocytosis per 

-;- Ua U owing reinoculation as compared with primary inoculation 
m \ u stieptoiomis, due to the greater leiicocytosis following primary inoeu- 

lon ieu was aetuaih less diilereiiee in tiie degree of total phagocytosis than 
would be expected from evaluation of the opsonic index alone. 

Similuih, as noted in big. 2, there was a low opsonic index with a com- 
) c nsa oi\ cueoi j tosis billowing primary instillation of the streptococcus, as 
(ompaiec \ut i a lack ot leueoeytosis hut with increased individual cell phago- 
? ° S1S ll 10UUK ' ll bition. Monkey 12 is also representative of the animals 
s lowing this response. The preinoeiilation opsonic index of 0 in this animal 

<l S ^ lt incu ’ a ' St ‘ on ^ v 0,1 the fifth day after primary inoculation 
)' ' 1 ie s leptocoeeiis, with resultant indices for the next three weeks varying 
between 0 and 0.9. However, due to the leueoeytosis there was an increase in 
o a numbers ot bacteria engulfed per cubic millimeter to as high as 17,700 on 
ie twelfth day (opsonic index, 0.8; neufrophiles, 22,137), with the average 
lumber ot bacteria engulfed per cubic millimeter being about 4,000. Before 
mnoeulation with the streptococcus three months later, the opsonic index was 

• , neutroplules, o,030; and the total number of bacteria engulfed per cubic 
™ r ™ e . er ’ 3 ’ 01b - Wltlun twenty-four hours the opsonic index rose to 6.1, with 
33 600 baeterm engulfed per cubic millimeter, although there was no increase in 

eutiophdes (oolO). For the next two weeks the opsonic index averaged be- 
cm 6 and IS, except for one low value of 1.8 on the third dav. The total 
number ot baeterm engulfed per cubic millimeter rose to 83,600. 

Here again there was a greater degree of phagocytosis per individual cell 
ow ill-, lemocu afion with the streptococcus than after primary inoculation. 

A greater total bacterial phagocytosis, however, followed this primary inocula- 
tion than might have been expected from the very low opsonic index. ' 

Experiment //.—The monkeys used in this study were animals which had 
teen infected by mtranasal inoculation with the (,'roup C hemolytic strepto- 
coccus three to six months earlier. After reinfection the granulocytes in these 
animals exhibited a marked increase in phagocytic activity which had not been 

appaien a ei pi imam infection, without the significant initial quantitative 
leueoeytosis. 


big. 3 presents graphically the relative degree of phagocytic activity by the 
various age groups of polymorphonuclear leucocytes. Monkey S, for example, 
showed a progressive phagocytic efficiency beginning with 'the band forms 
(seventeen bacteria per cell), reaching a peak of twenty-two organisms per cell 
in the tlnee-lobed neutrophiles, and then showing - a gradually diminishing ef- 
fectiveness in the four-, five-, and six-lobed cells which handled twelve, thvee^nnd 
six bacteria, respectively. Monkey 6 showed a similar picture with ten, thirteen, 



rolk or I’M tiiocviosis in ki -si'iTvxci: 


sss 


and citron baeteiia engulfed by the one-, two-, and thiee-lobed cells Respectively, 
uhile the four-, five-, six-, and se\en-lobed neutiophiles each engulted from tour 

to se\en bacteria 

The joung cells in Monkey Id likewise showed gieatcst phagocytic uctiwty 
by the one-, two-, and tlnee-lobed cells, while Monke\ 17 showed a gradual 
piogiessiie deeiease in phagocytosis imeiscly piopoitional to the age ot the 
lcucocj tes The band cells in Monkey s IB, '29, and 30 had the highest phagocytic 
index with gradual diminution in phagocytosis as cell age increased. 

In contiast, there appaicnth was no eon elation between cell maturity and 
phagocytosis following primal y infection. The small degice of phagocytosis ob- 
sened lieie was appaiently distiibuted at landom among the various cells. 


Elation of ace of pol'Ffiorphouu clear. 
Cells to phagocytosis 

NO OF LOOEf 12 Z h 5 6 7 
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Fig:. 3. 


DISC LESION \XD StTUM \RY 

Eailiei studies 1 ’ iiom this laboiatoiy have shown that monkeys leeehing 
intianasal inoculations of Sti eptococcus haemolyticus, Group C, reacted with 
an immediate maiked and clear-cut penpheial leucoeytosis but without any 
delation in the opsonic index as measuied In in vitio tests Reinoculation with 
the same agents tluce to six months later lesulted in no appiec-iable leucoeytosis, 
but theie was a piompt and significant inciease in phagocytosis by the indi- 
\idual gianulocy tes. If the in yitio deteiminations of the potential phagocytic 
capacities of the neiiUophilic granulocy tes for hemolytic sti eptoeocei multiplied 
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by their number per cubic millimeter in the circulating blood may be interpreted 
as a relative index of the cellular component of resistance to infection with these 
0i o amsms, then the inverse ratio of these two phenomena, which occur in pri- 
mary versus reinfection states, becomes not only interesting, but deeply signifi- 
cant as well. On the basis of the findings hove presented, we agree with Jung, 11 
rnt t ie low ei the phagocytic index, the greater the number of granulocytes 
lequue to eontiol any given infection. The absolute leucocytosis following 
ose upon a piimaiy infection with low opsonic index would seem to represent 
a compensatory response in which the resistance of the host or his cellular pro- 
tection is measured by the sheer numbers of available phagocytes. When the 
relatively low opsonic indices are evaluated in relation to the total available 
polymorphonuclear leucocytes, the absolute number of bacteria phagoeytized by 
the neutiophiles will be greater than is at first evident from a cursory examina- 
tion of the opsonic index alone. On the other hand, after reinoculation with the 
streptococci in these studies, there was a compensatory qualitative change in the 
phagocytic activity of the granulocytes without an absolute quantitative eleva- 
tion m their number. In this group a qualitative cellular-humoral response ap- 
parently served as a compensatory protective mechanism by winch fewer cells, 
each with greater individual phagocytic capacity, were able to control the infec- , 
tion effectively. Combining both the quantitative (leucocytic) and qualitative 
(P lagoeytic) responses, a greater total bacterial phagocytosis w r as noted folIow r - 
ing remoeulation with the streptococcus, but the difference with this cellular- 
humoral response was not as great as would be expected from evaluation of the 
opsonic index alone. 

Wood has recently called attention to the importance of phagocytosis of 
bacteria by neutrophilic granulocytes in bacterial pneumonia in the absence 
of demonstrable specific opsonins or antibodies. The motility of the cells 
m and through the fixed tissues brings direct contact with the invading organism 
resulting in ready cytoplasmic inclusion. Our observations strongly suggest the 
acquisition of a highly specific humoral catalyst , which, upon reinoculation of 
t e same pathogenic agent some months after recovery from the first invasion, 
greatly facilitates this phenomenon- of spontaneous cellular phagocytosis, so that 
ai fewer polymorphonuclears are needed to combat reinfection effectively the 
second time than the first. 

The younger mature cells, according to the Arneth-Shilling index, were 
definitely moie effective in their phagocytic activities in this study, with a de- 
crease in phagocytic capacity as the individual cell age increased. These observa- 
tions suggest that quantitative phagocytosis bears a direct relationship to the 
age and motility of the neutrophiles. In the presence of opsonins, the more 
actively motile left-shifted cells have shown the greatest avidity in engulfing 
reinvading pathogenic bacteria. 
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OUTBREAK OF DIARRHEAL DISEASE ASSOCIATED ’ 
WITH PARACOLON 

Herbert F. R. Piass, M.D. 

Mixxeapous, Mixx. 

QRGANISMS of the incompletely circumscribed paracolon group are felt 
r:, , b ° ! n J l conti-oversial position regarding their pathogenicity. A few 

breaks of diarrheal disease m human beings and in animals associated with 
paracolon flora in the intestinal tract have been recorded, ^ although usually 
rt has been impossible to fulfill the postulates of Koch. Similarly, this report 
corns an outbreak of diarrhea during which an organism of the paracolon 

:f° Up ' vas lsolated from tlie ‘‘cod consumed and from the stools of thirteen of 
the sixteen patients who required hospitalization. 

. , a “ * Vri ". v officers’ mess, fricasseed chicken was served to about 250 diners 
iom . 0 1 ^ ie chicken had been cooked in several large vessels 

anc senec c licet j from them. Approximately 100 servings were made from 
one eon ainei o e ueken which was found to contain paracolon bacteria when 
i hired later. There were eighty known eases of diarrhea; it could not be 
e ernuned whether all these eases originated from the same batch of chicken. 

However, all patients had eaten chicken, and one had eaten nothing whatever 
except chicken. 

About two hours after eating, the first patient became nauseated, had 
a dominal cramps, and soon began to vomit and pass watery stools. Other 
cases appeared between three and twelve hours after eating; the largest number 
o cases occurred four hours after eating the chicken. The five most severely 
affected patients developed mild shock which was relieved by simple measures. 
", ° ta of ei Shtv patients reported for treatment; how many were treated else- 
where could not be determined. Sixteen patients required hospitalization; 
these were the only ones available for culture during the acute illness. After 
wenty-four hours all sixteen patients were symptom free except for weakness 
and had been discharged from the hospital. No sulfonamide therapy was given. 

A rectal swab made from each hospital patient about nine o’clock in the 
morning after onset of the illness was planted on Salmonella-Shigella agar, on 
eos f -methylene blue agar, MacConkey’s medium, and desoxyeholate citrate agar 
and then placed m nutrient broth. Four hours later the nutrient broth was 
subcultured to eosm-mcthylene blue agar. No staphylococci were recovered 
trom any of the cultures. In about eight hours, some Salmonella-Shigella agar 
plates showed heavy growth of lactose-nonfermenters. Almost all plates showed 
heavy growth of lactose-nonfermenters after twenty-four hours. Colonies were 
picked at twenty-four and forty-eight hours and, after replating, biochemical 
characteristics of the isolates were determined. Sugar fermentations in brom- 
cresol purple-nutrient broth were read daily for fourteen days. Indole forma- 
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tion was determined in tryptone water with Kovac’s reagent after twenty-four 
hours of incubation. Citrate utilization was determined on Simmons’ medium 
after twenty-four hours. Motility tests were done in 0.3 per cent agar and were 
read after five days of incubation at room temperature. Methyl red and Voges- 
Proskauer tests were done with the M.R.-V.P.* medium. Gelatin liquefaction 
was read by refrigerating five-day cultures. The urease test of Rustigian and 
Stuart 9 was used. 

The organism recovered from thirteen of the sixteen patients resembled 
paracolon 29911 of Stuart and co-workers 10 (Table I). It also bears a super- 
ficial resemblance to the genus Proteus, although it does not attack urea. It 
produces a bubble of gas in dextrose broth (which is not revealed after five 
days’ incubation of a double sugar agar slant). Sucrose and mannitol are 
fermented in two to six days. Lactose, salicin, xylose, maltose, and rhamnose 
are not attacked in fourteen days. Methyl red and Yoges-Proskauer reactions 
are negative, indole is pi’odueed, sodium citrate is utilized, urease is not formed, 
and the organisms are motile. 


Table I 
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AB, acid and a bubble of gas ; A«, production of acid in six days of incubation ; AG. acid 
and gas; -AG, some strains produce acid and gas, others do not; +. positive test or reaction; 
--’■ w. some strains negative, some weakly positive; + s, slow reaction; no reaction or negative 


This organism differs from the one described by Stuart 10 as 29911 in that 
sucrose is fermented more rapidly (seven as against twenty days) and mannitol 
rather than maltose is attacked. 

Two of the five strains isolated from the plates prepared from leftover 
chicken showed properties similar to this typical organism except that one 
produced a bubble of gas in sucrose broth in thirty days and the other was 
slow in developing motility. 

Nineteen of the cultures from this outbreak (more than one isolate from 
some patients) have been found to be antigenicallv identical or very closely 
related. Further study of these cultures by Stuart lias confirmed both bio- 
chemical and serologic connections with Type 29911 paracolon (Stuart). These 
strains may be classified as an atypical 29911 paracolon for the present. 11 

Rapid survey of the other strains isolated shows many related cultures and 
a large number not so apparently related. In addition to the paracolon de- 
scribed, Proteus rettgeri or Proteus miralilis were isolated from twelve of the 
•Difco Laboratories. Inc.. Detroit. Midi. 
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THE EFFECT OF THE RATE OF ADMINISTRATION OF AMINO ACID 
PREPARATIONS AND BLOOD AMINO ACID NITROGEN LEVEL 
ON THE PRODUCTION OF NAUSEA AND VOMITING 

Charley J. Smyth, M.D., Andrew G. Lasichak, M.D,, 
and Stanley Levey, Ph.D. 

Eloise, Mich. 


T he intravenous administration of protein hydrolysates in the management 
of various protein deficiency states is now widely accepted. During the in- 
fusion untoward reactions occasionally occur which make it necessary to in- 
terupt this form of supplementary protein therapy. These reactions include 
either one or any combination of the following signs or symptoms: Anorexia, 
nausea, vomiting, flushing, formication, headache, and dizziness. 

It has been reported previously that under certain conditions the intra- 
venous administration of casein digests produced a depressing influence on 
voluntary food intake. 1 In that study no direct relationship was found between 
the rate of administration and the degree of anorexia. Elimination of the 
other undesirable side effects could usually be accomplished by reducing the 
rate of the infusion. Clinically it is not desirable to subject a patient to pro- 
longed infusion requiring three to four hours if it is possible to increase the 
rate of administrations without ill effects. For example, in order to give large 
amounts of these preparations by the intravenous route the patient will be 
required to remain inactive with one arm extended for long periods of time. 
The possibility of infection occurring at the site of the injection is greatly en- 
hanced by the slow administration of these preparations. • 

In this hospital three different patients are known to have developed ab- 
scesses at the site of infusion, and five others showed clinical evidence of cellulitis 
following the slow rate of administration of a casein digest. 

Hoffman, Ivozoll, and Osgood- observed that nausea and vomiting occurred 
in patients who received a casein hydrolysate administered at rapid rates. These 
investigators are of the opinion that if the plasma amino acid niti-ogen level 
exceeded 10 mg. per cent, nausea and vomiting usually occurred. During the 
course of previous studies 1 it was shown that a mixture of pure amino acids 
could be administered at exceedingly rapid rates without causing any unde- 
sirable effects. 

The present investigations were undertaken to determine whether the rela- 
tionship of the amino acid nitrogen content of the blood to nausea and vomiting, 
as proposed by Hoffman, Ivozoll, and Osgood, existed with other amino acid 
preparations. In addition, the effect of the rate of administration on the pro- 
duction of these ill effects was studied. 
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METHODS 

The patients used in this study were convalescent hospital subjects who 
had no known metabolic disorders. The intravenous injections were given as 
though they were a part of their regular therapy; thus the psychologic factors 
were minimized. The amino acid preparations were administered intravenously 
at rates varying from 5 to 100 nil. per minute, and if nausea or vomiting oe- 
euiTcd a blood sample was immediately withdrawn from the opposite arm for 
amino acid nitrogen determination. In those patients in whom no symptoms 
occurred, a blood sample for amino acid content was taken just before the end 
of the infusion. 

Five different amino acid preparations were used in this study. Prepara- 
tion I # was an enzymatic hydrolysate of casein which was administered as a 
10 per cent solution. Preparations Ilf and IVf were acid digests of casein; 
the former was a 15 per cent solution and the latter a (i per cent solution. 
Tryptophane was added to both Preparations II and IV. and, in addition, 
methionine was added to Preparation IV. Preparation III| consisted of a mix- 
ture of the ten “essential” amino acids plus the amino acid glycine. Approxi- 
mately 50 per cent of the amino acids in this mixture were in the racemic form. 
Preparation Vf was a vuj-n-type® mixture of amino acids prepared by the 
recombination and fortification of fractions of an acid hydrolysate of casein. 
It was administered as a 10 per cent solution. Of the total nitrogen in this 
mixture approximately 50 per cent was derived from essential amino acids. 

Since the relationship between the amino acid nitrogen level of the blood 
and the presence of nausea and vomiting was one of the major interests of this 
study, no attempt was made to adjust the nitrogen concentrations of the prepara- 
tions used. The volume of solution infused was the contents of either a 500 or a 
1,000 ml. bottle. In the instance of Preparation II, however, due to the hyper- 
tonicity of the 15 per cent solution, 266 ml. of the protein hydrolysate were 
diluted to 500 ml. with sterile water and the resulting mixture administered. 

The determination of the amino acid nitrogen content of the blood was 
made by the copper method of Albanese, and Irby, 4 all values being expressed 
as milligrams of amino acid nitrogen per 100 ml. of plasma. 

RESULTS 

The influence of the rate of intravenous infusion on the occurrence of 
nausea and vomiting for all these preparations is summarized in Fig. 1. This 
factor was studied in 115 subjects. The casein digests (Preparations I, II, 
and IV) all had a high content of giutamie and aspartic acids, whereas the 
amino acid mixtures (preparations V and III) contained, respectively, little or 
none of these dicarboxylic acids. There appeared to be a slight increase in the 
incidence of nausea or vomiting when the rate of administration of preparation 

•Preparation I (Amigen, 10 per cent solution) was supplied by Mead Johnson and Com- 
pany. Evansville, Ind. , , , , 

tPreparations XI (Parenamme) and IV (6 per cent Parenamine) were furnished by the 
Frederick Stearns & Company, Detroit. Mich. 

tPreparations III (Vuj) and V (Vuj-n-IX) were provided by Merck & Company. Inc.. 
Rahway, N. J. 
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I was increased from 5 to 15 ml. per minute. In the ease of Preparation II or 
XV, the increased rate of administration was usually accompanied by a mar 'e 
increase in the incidence of nausea or vomiting. On the other hand, the ad- 
ministration of the amino acid mixtures, Preparation III or V, was accompanied 
by an exceedingly low incidence of ill effects. In tills connection it is note- 
worthy that Preparation III has never made any patient ill, either in this or 
in earlier studies carried out in this hospital. The incidence of undesiied side 
reactions was slightly higher when Preparation 1 was administered. It should 
be emphasized that the amino acid mixtures, Preparations III and V, were 
administered at increasing rates which began at the highest tolerated level for 
the protein hydrolysates. In many eases Preparation III was given at the 
rate of 500 ml. in eleven to thirteen minutes, whereas Preparation V was ad- 
ministered at the unusually rapid rate of 100 ml. per minute; thus, a 500 ml. 
bottle of this amino acid mixture was given in five minutes. In some of these 
cases flushing and formication occurred, but there was no nausea or vomiting. 



The relationship between the occurrence of vomiting and the level of the 
amino acid nitrogen in the blood plasma is summarized in Pig. 2. In this part 
of the study an attempt was made to vary the amino acid levels of the blood by 
varying the rate of the intravenous infusion. The administration of Prepara- 
tion I caused no significant change in the incidence of nausea and vomiting 
until the amino acid nitrogen content of the plasma reached 13 mg. per 100 mi 
or greater, at which levels 50 per cent of the patients became ill. With levels 
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below this, the frequency of nausea and vomiting ranged from 2o to 30 per cent 
of the patients studied. The highest amino acid nitrogen level in the plasma 
attained with this Preparation was 34 mg. per cent and in this subject only 
nausea occurred. When Preparation II was used, the incidence o i nausea and 
vomiting increased progressively with an increase in the plasma amino acid 
nitrogen; if the amino acid nitrogen level of the plasma reached 9 mg. per cent 
or greater, all the subjects either became nauseated or vomited. With Prep- 
aration III there was no nausea or vomiting in any of the seven subjects re- 
ported in tliis study. In another series of fifteen patients who received forty- 
six infusions using this preparation, there also was no occurrence of any ill 



® NUMBERS IN SQUARES INOiCATE ACTUAL, SUBJECTS 


Pig. 2. — * or vomiting in relation to preparations and blood amino 

acid nitrogen The small numbers (from 1 to IS or greater) along the 

bottom of the ■ . range of blood amino acid nitrogen level in mg. Per ce»t 

attained in the group of subjects directly above. 

effect. In a qualitative manner, Preparation IV reacted similarly to Prepara- 
tion II, though the incidence of nausea and vomiting was not as great. Prep- 
aration V was administered at exceedingly rapid rates, and even at the highest 
plasma amino acid nitrogen level obtained, the incidence of nausea and vomit- 
ing was only 20 per cent. An amino acid nitrogen value of 44 mg. per cent 
was reached in one patient receiving Preparation V with no ill effects what- 


soever. 
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DISCUSSION 

Prom the data presented in this investigation the incidence of nausea and 
vomiting appears to depend on the amino acid composition of the preparation 
used rather than on the average rate of administration or on the plasma amino 
acid nitrogen level. In all patients who received casein hydrolysates (Prep- 
arations I, II, and IV) the incidence of nausea or vomiting was greater than in 
those subjects who received the amino acid mixtures (Preparations III and V). 
In the case of Preparation II it was found that the presence of an amino acid 
nitrogen content in the plasma of about 10 mg. per cent or greater was usually 
associated with the occurrence of nausea or vomiting. This observation is in 
agreement with the work of Hoffman, Ivozoll, and Osgood,' who used the same 
preparation. 

The possibility that glutamic and aspartic acids are responsible for these 
toxic symptoms has been studied in both dogs and human subjects,'' - ’ Prepara- 
tion III was completely devoid of glutamic and aspartic acids and its use pai’en- 
leictlVy did not produce either nausea or vomiting- Preparations I, II, and IV 
are produced by hydrolyzing casein, a substance having a high content of these . 
diearboxylie acids, and therefore these digests are considered to have a large 
content of glutamic and aspartic acids. The glutamic acid content of Prepara- 
tion V is 1.25 Gm. per liter or less * Thus the diearboxylie acid content of this 
preparation is considerably lower than in mixtures resulting from the direct 
hydrolysis of casein. One explanation for the occurrence of nausea and vomiting 
resulting from the intravenously administered casein digests is that the blood 
diearboxylie acid concentration becomes high enough to exceed a nausea 
threshold. The amino acid Preparations III and V, on the other band, allow 
high blood amino acid nitrogen levels to be attained without nausea simply 
because little or no diearboxylie acid is being added to the blood stream. Casein 
digests also differ from the amino aeid mixtures by their content of nonamino 
acid substances which may he an additional factor contributing to the produc- 
tion of these ill effects. The possibility of a correlation between the plasma 
glutamic aeid content and the presence of nausea and vomiting is being in- 
vestigated. 

Any evaluation of the toxic manifestations produced by the parenteral 
administration of amino acid preparations is difficult because the responses 
vary widely among apparently normal individuals. 

•SUMMARY 

The effect of five different amino aeid preparations on the production of 
nausea and vomiting was investigated in human subjects. In all patients who 
received casein hydrolysates intravenously, the incidence of nausea or vomiting 
was greater than in those subjects who received the amino add mixtures! 
Mixtures of amino acids can be administered intravenously at high rates with- 
out producing these effects. The casein hydrolysates, on the other hand, must 
be adm inistered at considerably slower rates to avoid nausea and vomiting. 

•IVr.-ona! communication front Dr. E. E. Howe, M&rck & Company. Inc.. Rahway. X. j. 
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With the mixtures of amino acids there appears to be no plasma amino acid 
nitrogen level at which nausea and vomiting uniformly occur. With casein 
digests, increased incidence of these ill effects is usually associated with high 
amino acid nitrogen values. The role of the diearboxylic acid in the production 
of nausea and vomiting is discussed. 

The production of nausea and vomiting by the intravenous administration 
of amino acid preparations depends on the preparation used and individual 
tolerance rather than on the degree of hyperaminoacidemia. 


The authors wish to acknowledge the technical assistance of Dorothy L. DeZelia in this 
study. 
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STUDY OP A MEW SEDATIVE-PIYPMOTIC DRUG 

(3.3-DIETHYL-2,4-DIOXOTETRAHYDROPYRIDINE) 

S. Chari.es Freed, H.D. 

San* Fran*clsco, Calif. 


W HILE there is an abundance of sedatives and hypnotics available to 
physicians, none is completely satisfactory. In fact, even those which are 
most popular with the profession occasionally elicit untoward side reactions such 
as drowsiness, “hangover,” excitation, and delirium, as well as allergic re- 
sponses involving chiefly the skin. Such toxic effects are especially encountered 
with the barbiturates. Thus, there is a place for a mild hypnotic preparation 
which is distinguished by a minimum of side-reactions and which chemically does 
not belong to the barbiturates. 

In the light of the foregoing it was decided to undertake the clinical 
appraisal of a sedative-hypnotic compound (3,3-dietliyl-2,4-dioxotetrahydropy- 
ridine) which appeared to afford certain advantages over the barbiturates, as 
substantiated by findings of Koppanyi, Herwick, Linegar, and Foster.* These 
investigators explored the pharmacology of the drug extensively, and some of 
their observations are summarized here. 

The minimal lethal dose of the aforementioned pyridine compound for 
rabbits was 500 to 650 mg. per kilogram orally and 300 to 350 mg, per kilogram 
intravenously. In aqueous solution the drug was readily absorbed following oral, 
intramuscular, subcutaneous, and intraperitoneal administration. The smallest 
oral dose required in the rabbit for motor paralysis and sensory depression was 
250 mg. per kilogram. Sleep was induced within ten minutes when 150 mg. per 
kilogram were given intramuscularly or intraperitoneally to rabbits, but by the 
subcutaneous route this dose produced only drowsiness, Motor incoordination, 
the first sign of effect of the drug, occurred usually within one or two minutes 
following intramuscular or intraperitoneal injection. In two rabbits receiving 
daily 250 mg. per kilogram parenterally for seven days, there was no evidence 
of accumulation. The animals eliminated at least five-sixths of the dose within 
twenty-four hours. "With regard to the duration of action, it was shown that 
rabbits eliminated, during an average period of five and one-third hours, about 
10 per eeut of the intravenous fatal dose; that is, about 13 per cent per hour. 
The average sleeping time from approximately 60 per cent of the minimal lethal 
dose was found to be as follows: eight hours (rabbits, orally), three and one-half 
hours (rabbits, intravenously), and five hours (dogs, intravenously). There was 
great in dividual variation in recovery time but no evidence of acquired tolerance. 


Received for publi cation, April 26, 1917, 
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control of the experimenter. Nevertheless, an attempt was made to evaluate the 
effects as objectively as possible. Thus relief from complaints was not suggested 
or promised to the patients, and the reports of responses to. the drug were ob- 
tained as casually as possible. In fact, the patients were encouraged to volunteer 
their impressions. Furthermore, a relatively large number of subjects were 
tested so that many of the potential psychic factors which might influence the 
drag's appraisal could be neutralized. 

N(J-903 was administered to two groups of patients: one consisted of sub- 
jects suffering from insomnia, and the other of persons requiring daytime seda- 
tion because of nervous tension. Among the latter were patients with a variety 
of psychosomatic disorders. 

In the first group there were ninety-six patients who had all complained 
that they slept poorly or fitfully. Of these, sixty-six received one tablet of 
NU-903 (0.2 Gm.) at bedtime; forty-two, including twelve who had failed to re- 
spond to the aforementioned dosage, were given two tablets ( 0,4 Gm.), all tor 
at least seven consecutive nights. An uninterrupted period of trial makes 
changes more perceptible, and thus these patients were in a better position to 
appraise the effect of the drug on their sleep than if they had taken it only 
sporadically. The higher dosage was administered in those instances in which 
clinical appraisal indicated a more severe degree of insomnia or a more agitated 
mind. 

The effects of this treatment are shown in Table III. The degree of the 
positive responses is indicated by the number of plus marks : three signs denote 
excellent ; two signs, satisfactory ; and one sign, fair results. Negative responses 
are designated by 0. 


Table III. Treatment or Insomnia With XU-903 


DOSAGE 

NUMBER OF 
PATIENTS 

TOTAL NUMBER 

OF treatment 

AVERAGE 

onset of 

EFFECT 

AVERAGE 
DURATION OF 
SLEEP 

RESULTS 

0.2 Gm. 

66 

4S2 

30 min. 

6 hr. 

10 + + + 

21 4-4- 
24 4 - 
11 0 

0.4 Gm. 

42 

47S 

30 min. 

7 hr. 

10 4-4-4- 
22 4-4- 
~6 - 
4 0 


It is apparent that 0.2 Gin. of NU-903 was not quite sufficient to induce satis- 
factory sleep in the majority of patients, although it did have a beneficial effect 


on many. It seems as though the desired therapeutic results were obtained with 
this dose only in persons who were sensitive to hypnotic drugs or whose insomnia 
was of a mild degree. Furthermore, it is evident that 0.4 Gm. of NT-903 pro- 
duced excellent or satisfactory sleep in thirty-two of fortv-two patients. ( \moim 
those reporting gratifying results on 0.4 Gm. were twelve patients in whom 
UV , hat ! ! ail , od t0 mduce satisfactory sleep.) Six patients claimed to have 
had only a iair degree of response with 0.4 grams. Finally, of the four subjects 
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who lepoited no results with this dose, three had previously experienced in- 
sufficient hypnotic effect from 0.1 Gm. of sodium pentobarbital, but they did have 
a good night s sleep from 0.2 Gm. of the latter somnifacient. From tJie.se results 
it may be concluded that 0.4 Gm. of NU-903 will produce a hypnotic effect 
comparable to that of 0.1 Gm. of sodium pentobarbital, the standard dose. 

The onset of sleep, regardless of the dose, followed taking of the drug 
usually within thirty minutes, but never after more than sixty minutes. The 
duration of sleep averaged six hours following 0.2 Gm. of NU-903 and seven 
houis following 0.4 Gm., with those patients being taken into consideration who 
reported excellent or satisfactory results. 

One subject receiving 0.2 Gm. and one receiving 0.4 Gm. complained of 
diowsiness upon awakening. Otherwise, there was a complete lack of untoward 
subjeethe reactions. Similarly, neither allergic phenomena nor other signs of 
idiosyncrasies were observed. This relative freedom from undesirable side 
effects offers a distinct advantage over the barbiturates, as evidenced by the fact 
that among the ninety-six patients treated for insomnia with NTJ-903 there were 
six persons who had experienced untoward reactions to barbiturates, such as ex- 
citability, excessive drowsiness, or skin reactions. 

In the second group receiving NU-903 for daytime sedation, there were 
eighty -seven patients. About 60 per cent of these took amphetamine sulfate 
(30 mg. a day) for the purpose of weight reduction, and in these the experi- 
mental drug was given to overcome tile nervous excitation induced bv this stimu- 
lant. 

Thirty-five patients received one-half tablet of NU-903 three times daily 
(total dose 0.3 Gm.), and fifty-two were given one tablet three times daily (total 
dose 0.6 Gm.). At the lower dosage level the average number of treatment days 
was fifteen, and at the higher dosage level it was twenty-one. However, eighteen 
patients received 0.2 Gm. three times daily for thirty days, and three for as long 
as ninety days. 

The effects of this treatment are shown in Table 1\\ The degree of favor- 
able responses was more difficult to ascertain than in the group receiving the 
diug as a sopoiific, and the therapeutic effects were therefore listed in a broader 
manner, by classifying them as satisfactory, fair, or none. 


Table IV. Treatment of Nervous Tension With NU-S 0.'! 


DOSAGE 

NUMBER OP 
PATIENTS 

TOTAL NUMBER OF 
TREATMENT DAYS 

! RESULTS 

0.1 Gm. t.i.d. 

35 

525 

22 

Satisfactory 




10 

Fair 




3 

None 

0.2 Gm. t.i.d. 

52 

1,092 

36 

Satisfactory 




10 

Fair 




0 

None 


As can be seen from Table IV, beneficial results were obtained in the major- 
ity of patients taking either 0.1 Gm. or 0.2 Gm. three times daily. The incidence 
of ineffectiveness of the drug as a sedative was about 10 per cent. It is not 
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easy to compare the responses to NU-903 with those to other sedatives because of 
the lack of objective criteria for such a comparison. Nevertheless, in eighteen 
patients who had received 0.2 6m. of NU-903 three times daily, 30 mg. of pheno- 
barbital, also given three times daily, were substituted for the experimental 
preparation. Six of these subjects claimed that they felt a greater degree of re- 
laxation of nervous tension when they received NU-903. These observations gi\e 
the tentative impression that the sedative effect of 200 mg. of NU-903 is some- 
what superior to that of 30 mg. of phenobarbital. It may be inferred that on a 
weight basis, about four to five times as much of NU-903 as of phenobarbital has 
to be given in order to obtain the same degree of sedation. Untoward subjective 
reactions were conspicuous by their absence in all eighty-seven patients of this 
group. Likewise, there were no signs of idiosyncrasy. In this connection it is 
noteworthy that five of these eighty-seven subjects had previously reacted with 
a pruritic rash to barbiturate medication. 

For ten of the patients receiving 0.1 6m. of NU-903 three times daily for 
two weeks (included in Table IY), pre- and postmedication blood counts were 
done, including red, white, and differential counts, as well as hemoglobin de- 
terminations. There was no significant change in the blood picture of any of 
the subjects. In addition, a collateral study of a similar nature was carried out 
in nine persons not requiring sedative medication and, therefore, not included 
in the series that served for clinical evaluation of the experimental preparation. 
Each of these subjects received 0.1 Gm. of NU-903 three times daily for periods 
ranging from twenty-two to sixty-one days. The average number of treatment 
days was 38.2, and the total doses taken by the individual persons during the 
period of observation were as follows: 18.3, 12.6, 9.9, 12.9, 9.3, 6.6, 12.6, 13.8, 
and 7.2 grains. Hemograms, including differential counts and hemoglobin de- 
terminations, done at initiation and termination of medication revealed that 
there were no significant changes in the quality of the blood in any of the nine 
subjects. 

SUMMARY AMD CONCLUSIONS 

A new sedative-hypnotic drug, 3,3-diethyl-2,4-dioxotetrahydropyridine, ten- 
tatively designated NU-903, was evaluated clinically in 183 patients. There were 
two groups of subjects : to one group, consisting of ninety-six patients, close to 
1,000 doses of the drug were given to induce hypnosis, and to the other, consist- 
ing of eighty-seven patients, the preparation was administered as a daytime 
sedative for a total of over 1,600 treatment days. The results were as follows: 

Four-tenths of a gram produced excellent or satisfactory sleep in thirty- 
two of forty-two patients. A dose of 0.2 Gm. proved less gratifying as a somnif- 
acient, judged by results recorded for sixty-six patients. Of these, only thirty- 
two responded with excellent to satisfactory sleep, and the rest had poor or no 
results. However, in twelve in whom the lower dosage failed to produce gratify- 
ing results, satisfactory sleep was induced by 0.4 grams. In all subjects medi- 
cation was given for at least seven consecutive nights. 

For treatment of nervous tension, 0.1 Gm. of NU-903 three times dailv was 
prescribed to thirty-five patients (average number of treatment days, fifteen). 
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LABORATORY METHODS 


THE ASSAY OF nEPARIN 

C. N. Maxgieri, B.S. 

Xutley, N. J. 

N UMEROUS methods for the standardization of heparin using citrated or 
oxalated whole blood or plasma have been described in the literature. 
Because of peculiarities in the development of clots in vitro, and the difficulty 
in distinguishing one from another, several means of determining an end point 
have been suggested. In Foster’s 1 modification of the Reinert and IVinterstein 
method, as many as eleven evaluations for various clot formations, ranging 
from a full clot to no clot, have been proposed. The assigned values are 
plotted logarithmically to determine the theoretic one-half clot. The method 
of Howell, as modified by Charles and Scott, 2 calls for the use of eat blood. 
Clot formations occurring in the standard heparin tube series are matched 
against those seen in the unknown series. Large differences in the clotting 
nature of cat blood renders difficulty in duplicating results. The method of 
Jacques and Charles 3 utilizes oxalated beef blood with the addition of thrombin. 
Impurities in heparin samples interfere with the clotting mechanism and usu- 
ally have a tendency to exaggerate their anticoagulant activity. ’ The Fischer 
and Schmitz 4 procedure using chicken blood does not permit the repetition of 
the assay under identical conditions. Kuizenga, Nelson, and Cartland 5 report 
that reealeified sheep plasma requires a smaller increment in heparin for a 
transition from coagulation to fluidity than either recalcified beef or horse 
plasma. They report that 2 pg (0.2 Toronto unit) of standard heparin con- 
taining 100 Toronto units per milligram are necessary for this complete change. 
In the method herein described, only 1 /ig of such standard heparin is required 
to effect this change for reealeified beef or sheep plasma. 

The evaluation of clots according to opacity, granulation, density, adher- 
ence to the walls of test tubes, traces, etc., is difficult. Yalues so assigned are 
subject to personal error of judgment and can lead to an erroneously plotted 
or matched end point. Experience has shown that two persons seldom evalu- 
ate or match clots identically. Also, slight modifications in the amoiuits of 
calcium, plasma or whole blood, saline, temperature, or time affect the develop- 
ment of clots to a noticeable degree. My experience is that a difference of 
as little as 0.05 mg. of calcium or 0.1 /tg of heparin between two tubes con- 
taining 1.0 ml. of diluted citrated plasma or whole blood can cause an appre- 
ciable difference in clot formation. Such slight errors can easily be made in 
an assay, and their combined effects may be additive in determining the de- 
velopment of a clot. 


From the Pharmacological Laboratories, Hoffmann-LaHoche. Inc. Xutley V T 
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My several years’ experience with Foster's method, while working with 
him, has indicated possibilities for a simplified and improved heparin assay 
which are incorporated in the method herein described. The increment of 
heparin in each tube in a series is very small and constant, since only 1.0 /* g. 
of the standard heparin is necessary to pass from clot to fluidity. The time 
which elapses between the addition of the calcium to the plasma is reduced 
to a minimum so that all tubes are treated identically. The end point is the 
least amount of heparin necessary to prevent any elot formation; it is definite 
and reproducible. Fresh or frozen 0 citratcd plasma can be used with equal 
accuracy. 

UKOCKOUKK 

Plasma . — Fresh beef blood is obtained in any desired quantity at the 
slaughterhouse. Flasks for holding the blbod are prepared in the laboratory 
by placing therein 100 ml. of an S per cent sodium citrate solution and mark- 
ing them at a 2-litev level. The blood is collected from the animals in paraffin- 
coated pitchers and immediately poured into the flasks to the 2-liter mark. 
The flasks are then stoppered and agitated gently. Upon reaching the labora- 
tory, the blood is centrifuged at 2,000 r.p.m. for thirty minutes and the super- 
natant plasma is siphoned off and pooled. Each heparin sample to be assayed 
requires 12 ml. of plasma. Therefore, quantities slightly in excess of the 
amount required for an assay consisting of the standard heparin and any 
desired number of heparin samples are filled into Florence flasks. The flasks 
should be filled to approximately two-fifths of their capacity. They are then 
corked, frozen rapidly by rotation in a tilted position in an acetone dry ice 
bath, and stored in a refrigerator at -20° C. 

Calcium Chloride Determination for Clot tiny . — The optimum calcium chlo- 
ride level for recalcifying the plasma in this procedure must be determined 
for each new lot of fresh or frozen citrated plasma. This level is the amount 
of calcium chloride necessary to permit the end-point tube (the tube in which 
any elot formation has just been prevented by the heparin) in the standard 
heparin series to be located near the middle of the series. This quantity of 
CaCl 2 must be contained in a 0.2 ml. volume of physiologic saline which is 
used for each tube throughout the assay. The standard heparin should con- 
tain at least 100 Toronto units or 500 anticoagulant units 7 per milligram. 

When blood is citrated as previously described, usually 0.95 mg. of cal- 
cium chloride is necessary for the recalcification. However, the amount may 
vary slightly and can be determined in the following manner: To six tubes 
containing 0.35 ml. of a 10 fig per milliliter standard heparin solution is added, 
from the first to the last, 0.16, 0.18, 0.19, 0.20, 0.21, and 0.22 ml., respectively, 
of a 5 mg. per milliliter calcium chloride solution. Saline is added to bring 
the volume to 1.0 milliliter. Add 1.0 ml. of plasma and stopper with corks 
which have only the inserted face coated with paraffin (this prevents the corks 
from slipping out), invert two or three times, and place in a water bath at 
37° C. for three hours. Then examine the tubes and select the one with the 
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most amount of calcium chloride having no clot formation. The amount of 
calcium chloride added to that tube is to be contained in the 0.2 ml. volume 
of physiologic saline mentioned. The concentration so determined, can be used 
for all subsequent assays, using portions of the same plasma. 

Assai/.—’Vhe standard heparin powder and unknown finished powders are 
made tip in concentrations of 10 ft g per milliliter. Impure heparin powders, 
generally low in potency, are made up in concentrations of 20 or 40 gg per 
milliliter, depending upon their' activities. One or two assays may be neces- 
sary to determine the concentration to use. Heparin vial solutions are diluted 
to a concentration of 1.0 Toronto unit per milliliter. Physiologic saline is used 
for ail solutions. Acid-cleaned glassware is a prerequisite for an accurate 
assay. A series of twelve tubes (10 by 100 mm.) is used for the standard 
heparin and for each sample to be assayed. Microburettes are used for meas- 
uring the plasma and all solutions. To the first tube of the standard heparin 
series is added 0.23 ml. of the standard heparin solution; in each subsequent 
tube the amount of heparin solution added is increased by 0.02 ml. over the 
preceding tube so that the twelfth tube will contain 0.45 milliliter. Hack un- 
known heparin solution is likewise measured into a series of twelve tubes. 
Saline is then added to all tubes to bring the volumes to 0.8 milliliter. A con- 
stant sequence is kept in adding the plasma and calcium chloride solution. 
To the first tube of each series add 1.0 ml. of plasma and 0.2 ml. of the calcium 
chloride solution; stopper with paraffin-coated corks, invert two or three times, 
and place in a water bath at 37° C. for three hours. Repeat this procedure 
for the second tube of each series and each subsequent tube until all the tubes 
have been so treated. By doing this, the influence of plasma changes is min- 
imized. After three hours, the tubes are observed. That tube in each series 
in which any clot formation has just been prevented is the end-point tube for 
that series. The use of fluorescent light has been found most desirable for the 
detection of small dot formations. Very often a thin film of clot formation 
adheres to the rounded bottom of the tube; this is detected by inverting and 
uprighting the tubes rapidly once or twice in front of the lamp. The amount 
of heparin in the end-point tubes is used to calculate the potency of the un- 
known heparin represented by that series, in terns of the standard heparin. 

fermpfe.— The standard heparin potency is 110 Toronto units per milli- 
gram. To prevent clot formation. 3.1 pg of the unknown heparin powder and 
2.7 jig of the standard heparin are required: the strength of the unknown 
heparin is ft. 1.8 Toronto units per milligram. 


110 X 2 7 
3.1 


= 05-S Toronto units per milligram. 


If in this example, the unknown represented a heparin vial (10 nm. per 
cubic centimeter), diluted 1,000 times, the potency of 1.0 ml. of the original 
vial solution would lie 


110 


10 — 95 S Toronto units per milliliter. 


3.1 
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DISCUSSION 

Hie small increment ot heparin permits an end point to be approached 
\'ith a {ii eater decree ot accuracy than has heretofore been possible in other 
heparin assays. The increment makes it possible to detect with ease slight 
errors in titration in following; the procedure because the diminution of the 
elot to fluidity is remarkably uniform in the series. This transition range, 
undu the specific conditions ot the assay procedure presented in this paper, 
requires only 0.1 Toronto unit of activity (1 /t g () f standard heparin h Fresh 
mu liozen nitrated beef and sheep plasma have been used with the same de- 
gree of accuracy, and the transition from clot to fluidity requires approxi- 
mate j the same heparin activity. It is, however, easier to determine traces 
oi clot formation in beef plasma than in sheep plasma. Also, it is easier to 
obtain beef plasma, in large quantities, than sheep plasma, and the results ob- 
tained are more uniformly duplicated. Repeated tests on various concentra- 
tions ot the standard heparin used in this laboratory yielded results within 
± 10 per cent of the theoretic potencies. 


SUMMARY 

1. A method for the assay of the anticoagulant activity of heparin using 
recaleified fresh or frozen beef or sheep plasma has been presented. 

2. The end point is definite. 

3. The method is rapid, simple to execute, reproducible within less than 
pei cent error, employs simple calculation for potency determination, and 

ena ) es the lepetition oi the assny using the same material under similar con- 
ditions of assay. 
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PERMANENT META CHROMATIC STAINING OF MUCUS IN TISSUE 

SECTIONS AND SMEARS 


Manfred Hess, M.D., and Franklin Hollander, Ph.D. 
New York, N. Y. 


T he cytology of mucous secretion in the digestive tract has been neglected 
as a field of investigation in gastroenterology, in part because of the lack 
of a satisfactory staining method for the mucins. The only stain for tills purpose 
which has withstood the test of time is mueiearmine, and this has been reliable 
only for mucus in typical goblet cells. In the stomach, where the mucus nor- 
mally occurs in the columnar surface epithelium and the neck chief cells, its 
reliability is notably poor. Thionine and toluidine blue are examples of an- 
other type of mucin stain. These dyes differentiate sulfuric acid esters of high 
molecular weight (for example, the mucins) from other tissue components by 
a characteristic biehromatie effect called metachromasia, and thereby obviate 
the need for eounterstaining for this purpose. In the ease of toluidine blue 
the mucins are stained some shade of red or purple, whereas other cellular com- 
ponents are stained blue. In addition to this advantage, the metachromatic 
stains are superior to mueiearmine in respect to their sensitivity and specificity. 
For- these reasons, toluidine blue or thionine would long ago have become tbe 
preferred mucin stain were it not for the fact that their characteristic bichro- 
matie effect is lost as soon as the stained tissue is subjected to any dehydrating 
procedure. 

Some time ago we 3 reported a technique for permanent metachromatic 
staining which was suitable for smears of viscous gastric mucus but not for tissue 
sections. When this method was applied to smears of secretion from gastric 
pouches stimulated with mustard oil, or to smears of human gastric juice, it 
often resulted in the loss of most of the material during the staining process. 
Although tissue sections were stained effectively, the metachromatic effect was 
transient. Furthermore, smears treated in this way frequently showed disin- 
tegration of the cytoplasmic portion of the cells, hut the nuclei were well pre- 
served. 


The present investigation was undertaken in an effort to overcome these 
major deficiencies. To this end, it was necessary to reconsider every step in 
the procedure and to test it repeatedly on a variety of tissues from animals 
of different species, as well as on mucus from dog and man. 

Fixation . — Smears of mucous material gave excellent results after simple 
air drying, without chemical fixation. For tissues, a number of fixatives were 
tried without success. Ten per cent formalin failed to preserve the mucus 
effectiv ely and stained connective tissue red as well. After fixing with Helly’s 


From the Gastroenterology Research Laboratory. The Mount Sinai Hospital 
Pltal Fund W 0 0 t r Xek a Vo U rk!° neU by S™* 3 fr ° m The AItman Foun <^tion and The United Hos- 
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fluid the tissue took the dye, but poorly. A saturated solution of mercuric 
chloride led to considerable shrinkage ami caused precipitation of the dye. A sat- 


urated solution of mercuric chloride containin'' f> per cent acetic acid gave irreg- 
ular, granular staining. Alcohol-formol or 70 per cent alcohol alone prevented 
staining of mucinous substances altogether. The one fixative which gave truly 
satisfactory results was Zenker’s solution with acetic acid, prepared without 


the addition of sodium sulfate. Neither potassium bichromate nor mercuric 
chloride alone yielded the same degree of color intensity and brilliance as a 
mixture of the two. This fixative preserved both intra- and extracellular mucin 
and augmented the contrast between f lie niotachroinatic and nornioehroniatic 
structures without inducing a diffuse inetaebromatic staining of the connective 
tissue. Another advantage was preservation of cytologic detail. Toluidiue 
blue is in general an excellent nuclear stain, but its efficiency in this regard is 


markedly increased by Zenker's fixation. 

Staining .- — After repeated trials under a variety of conditions, the staining 
solution finally adopted contained 0.25 fim. of toluidiue blue per 100 ml. ot 
0.25 per cent borax solution. When the dye was more dilute than this, it did 
not stain deeply enough, whereas more concent Kited solutions led to a diffuse 
purple staining of all structures with practically no hichromatic differentiation. 
The pll of the staining solution is fixed about 0.0 by the borax. It was found 
that most of the tissues could be stained well also with a simple aqueous solution 
of the dye (pH 5.5), except for the surface epithelium of feline and human 
stomachs. In these two instances, the intracellular mucus failed to take the 
dye unless the pll of the staining solution was adjusted to 9.0, a value which 
was found to be adequate for all the other tissues and all the sulcal's. Aftei 
the usual processing of Lhc paraffin sections from xylol to water, it was found 
desirable to rinse the slides in a fluid of about the same pll (for example, 0.‘-> 
per cent borax) both before and after staining. Smears are rinsed only after 
being stained. The optimal staining time was thirty seconds for all materials 
examined. Any prolongation beyond this limit leads to overstaining and a 
nonspecific purple coloration. There is a tendency for the connective tissue 
to be stained metachromatically at this stage, but this usually disappears during 
subsequent treatment. 

Preservation of M etach romasia . — Ever since the investigations of Hoyer 0 
it lias been known that the metaehromatic effect disappears as soon as the 
stained sections are treated with alcohol. Attempts have been made to over- 
come this difficulty by mounting the water-wet preparation directly in a glycer- 
ine-containing medium or in a levulose syrup 9 ; also, by dehydrating with 
acetone instead of alcohol 7 before treatment with xylol for mounting in bal- 
sam. All of these techniques failed to give us the desired permanence, as did 
a multitude of other empiric procedures. It was finally found that metaehro- 
masia can he preserved if the stained and washed section is treated with on 
aqueous solution of 0.5 per cent potassium bichromate, saturated at room tem- 
perature with mercuric chloride. 

Dehydration and Mounting . — Following this treatment with bichromate- 
sublimate solution, the slide is washed with absolute alcohol. If other than 
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anhydrous alcohol is used, connective tissue, smooth muscle Abel’s, and even 
some nuclei acquire a red coloration. It also happens that an occasional 
finished preparation shows streaks ot’ blue dye. Both of these irregularities can 
he prevented if each slide is rinsed thoroughly with a stream of fresh absolute 
alcohol from a siphon bottle, instead of being immersed in a staining dish con- 
taining alcohol which has become diluted from repeated use. Omission of the 
usual treatment with graded concentrations of alcohol does not lead to any 
considerable shrinkage. At this stage of the procedure the section shows ex- 
cellent metachromasia, but when it is brought into xylol all its elements acquire 
a bluish coloi’ation. With this reduction in reddish tones the normochromatic 
elements become a purer blue, but there is a loss in sharpness of the meta- 
ehromatic differentiation. Such purification of color tone in the normochro- 
matie elements is distinctly advantageous, and it can be retained even when 
the metachromasia is reintensified by the next step; that is, retreatment with 
absolute alcohol followed by the bichromate-sublimate mixture. The section 
is then washed with absolute alcohol containing 1 per cent of rosin, which in- 
tensifies the red shades with toluidine blue as it has been shown to do with 
Giemsa stain. The slide is then carried through two changes of benzol and 
mounted in Canada balsam dissolved in benzol. The use of xylol, toluol, or 
acetone for clearing or as solvent for the balsam must be avoided because they 
destroy the metachromasia. Clarite may be substituted for benzol-balsam, but 
the results are less satisfactory. 

OUTLINE OF THE STAINING TECHNIQUE 

Tissues are fixed in Zenker’s solution containing 5 per cent acetic acid, and 
the paraffin sections are carried through to water in the usual way. They are 
then rinsed in 0.25 per cent aqueous borax solution and drained free of surplus 
fluid. Smears are prepared from mucus specimens immediately after collection 
and are left to dry at room temperature for the minimum time required. This 
is usually two to four hours. Mucus smears are not given the preliminary 
rinsing in borax solution. Slides of both smears and tissue sections are then 
treated as follows: 

1. Cover for thirty seconds with ample staining solution (0.25 Gm. tolui- 
dine blue 0* dissolved in 1 00 ml of 0.25 per cent borax solution). 

2. Rinse with 0.25 per cent borax solution. 

3. Cover for fifteen seconds with a 0.5 per cent solution of potassium 
bichromate, which has been saturated with mercuric ehloride at room 
temperature and filtered, and drain. 

4. Cover the slide for two minutes with a fresh portion of the bichromate- 
sublimate solution and drain. 

5. Wash thoroughly for about ten seconds with a stream of fresh absolute 
alcohol from a siphon bottle. 

6. Immerse in xylol for thirty seconds. 

~ ~ Rhise again with absolute alcohol and drain completely. 


•National Aniline. Certified. 
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procedure possesses certain obvious disadvantages. Occasionally the finished 
preparations of smear’s, but not of paraffin sections, contain residues of bichro- 
mate which give a disturbing yellow-green coloration in some areas, and as yet 
we have not been able to eliminate this. Also, the method is applicable only 
to tissues which have been fixed in Zenker’s solution; if it could be used after 
formalin and Bourn ’s fluid, this would be a decided advantage for the purposes 
of the routine pathology laboratory. We hope that these difficulties may also 
be overcome in time and that the entire procedure may be simplified. 

We wisli to express our thanks to Dr. B. P. Sonnenbliek, who stained a great variety 
of tissue sections and smears by this method in order to confirm our experience with it. 
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RETICULUM STAIN INC WITH SCHIFF REAGENT AFTER 
OXIDATION BV ACIDIFIED SODIUM PERIODATE 


R. D. Lh.uk,® Bkthksda, Mu. 

With the Assistance of A. Laskey, <1. Ckeco, and II. J.tcquiEit 


T IIE method to be reported herein was evolved from studies on the relation 
of the Bauer* glycogen method to the Jackson-! I udson- periodate oxidation 
of polysaccharides. These studies are being published elsewhere in extenso. 

Glycogen, epithelial mucin, cellulose, starch, yeast, and mold chitin and 
cartilage matrix are stained purplish-red by the Bauer technique. 3 When an 
acid sodium periodate solution is substituted for the chromic acid of the Bauer 
method, reticulum of certain parenchymatous organs, notably lung, kidney, 
thyroid, and cerebral capillaries, is stained a brilliant purplish-red; collagen 
and fibrin, pink. Capsular substance of certain bacteria and certain elements 
in Actinomyces granules also stains pink, but further detailed studies are 
necessary on this. 

The technique employed is as follows: 


1. Thin (5 jx or less) paraffin sections of routine material fixed in 
formalin, Orth’s fluid, or other fixatives are deparaffiniml and 
brought to 100 per cent alcohol as usual. 

2. Soak five minutes in 1 per cent collodion in 50:50 ether and 100 
per cent alcohol mixture. Drain one minute with slides held ver- 
tically, and harden five minutes, or as much longer as convenient, in 
SO per cent alcohol. 

3. Wash in water and immerse for ten minutes in sodium periodate 
(Na 3 IO r ,), 1 Gm.; 70 per cent nitric acid (specific gravity, 1.42), 
0.5 e.c. ; distilled water, 100 cubic centimeters. 

4. Wash five minutes in running water. 

5. Immerse for fifteen minutes in Schiff reagent, f agitating at three- 
to five-minute intervals, preferably by pouring the fluid out and 
back. 

6. Transfer directly to three successive baths of one and one-half min- 
utes each in 0.5 per cent sodium bisulfite (NaHS0 3 ). (This is 
slightly weaker than Bensley’s 4 M/20.) 


From the Pathology Laboratory, National Institute of Health. U. S. Public Health 
Service. 

Received for publication. May 5, 19-17. 

•Medical Director, V. S. Public Health Service. 

tTiie Schiff reagent is made as follows: Dissolve 1 Gin. basic fuchsia in 100 c.c. dis- 
tilled water at 90 to 95° C. ; filter while cooling at about 60 to 70° C. When cool, and 2 Gm- 
sodium bisulfite (NaHSOi) and 20 c.c. normal hydrochloric acid; stopper tightly; put away in 
cool dark place overnight. In the morning the solution should be somewhat brownish-yellow 
in color. Add 300 mg. of finely ground charcoal, shake for one minute, and filter. The 
solution should become pale yellow. Store in refrigerator at 0 to 5° C. The solution may 
be used for several weeks, at least if kept cold. Discard if a pink color appears. 
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7. Wash ten minutes in running water. 

S. Stain five to six minutes in Weigert V acid iron chloride hematoxy- 
lin. Wash in water. 

9. Counterstain one minute in saturated aqueous picric acid solution 
or in 1 per cent orange ft. 

10. Dehydrate with alcohols and clear in one change of xylene and 100 
per cent alcohol mixture (50:50) and two changes of xylene; mount 
in elarite. 

The Weigert fibrin toutine may he introduced in place of steps 9 and 10. 

a. Stain in Conn’s 15 ammonium oxalate crystal violet (or any other 
aqueous or hydroalcoholic crystal violet) for two or more 
minutes. 

b. Wash off quickly with 0.9 per cent sodium chloride solution. 

e. Treat with the Weigert-Lugol 7 iodine solution (1 Gm. iodine, 2 
Gm. potassium iodide, 100 ml. distilled water) for thirty seconds. 

d. Blot dry with hard filter paper and decolorize with several suc- 
cessive changes of a few drops each of aniline and xylene (50:50) 
mixture until violet color ceases to come out. 

e. Wash in two or more changes in xylene; mount in elarite. 

RESULTS 

By all three variants discussed, pulmonary reticulum, renal reticulum, and 
glomerular stroma, the reticulum of intestinal smooth muscle, the subepithelial 
basement membrane, the supporting stroma of the cerebral capillaries, and the 
reticulum of the gastric mucosa were stained a bright purplish-red. Collagen 
stains pink. Fibrin, hyaline droplets in renal epithelium, hyaline casts, and 
serous coagula in pulmonary alveoli also stain dull pink of a variable intensity 
when no plasma stain or the picric acid or orange G variants are used. With 
the Weigert fibrin variant, fibrin, hyaline droplets, and serous coagula vary 
from pink to violet, and red corpuscles stain gray to blue-violet. Orange G 
tinges the erythrocytes orange-yellow but has little other evident effect. Picric 
acid gives bright yellow erythrocytes and yellow to brown cytoplasm, and gives 
a yellow overcast to the pink of fibrin, serum, and the like. 

With all variants, cartilage matrix is stained red-purple; epithelial mucin, 
reddish-purple to almost violet; glycogen, dark red-purple to almost black. If 
confusing, the glycogen may be removed by interposing the Lillie-Greeo* diastase 
digestion technique between Steps 1 and 2. 

McManus’* reported the use of a periodic acid Schiff technique for the 
demonstration of mucin, and recently presented the extension of this teclmique 
to the demonstration of renal capillary stroma. 3 

•At the American Association of Pathologists and Bacteriologists. May 17. 1917. Chicago, HI. 
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THE QUANTITATIVE DETERMINATION OF AMPHETAMINE 

William D. McNally, A.B., M.D., W. L. Bergman, Ph.U. J. F. Polli, B.S. 

Chicago, Iil. 

A SATISFACTORY and shortened method for the quantitative recovery 
of amphetamine from human organs was evolved following repeated 
experiments in vitro. 

Because of the ever-widening use of beta-phcnylisopiopjlainine, various! j 
sold under the name of Amphetamine, Benzedrine, Elastonon, Isoamin, Neeo- 
drin, and Orledrin, a study was undertaken to obtain an efficient method of 
quantitative determination of amphetamine. A technique of extraction is de- 
scribed, using a sulfuric-tungstic acid filtrate, as well as a method of quantita- 
tive determination; these greatlv 1 educe the time element in the separation of 
amphetamine from human organs. 

We have used a new technique of approach, employing a combined method 
of purification, distillation, and diazotization, which is presented in detail. 


METHOD 


To 25 Gni. of blood, unne, m finelv minced organ-, in a 1 liter flask, add 350 ml. of 
distilled watei. Shake well foi five minutes and allow to stand foi ten minute- longer. Add 
30 ml of 10 pei cent XaOH and shake well for five minute-; then a<l/l 30 ml. of 30 per cent 
'odium tungstate ami shake well Xe\t add slowlv 30 ml. of 1 -V-II..SO, with continuous 
-baking, and finally acidifj with 3S A' H.SO, and add 5 ml. m exce— . Allow to -tand for 
fifteen minutes and filter through a No. 12 Whatman folded filter papei. Transfer the 
filtrate to a 1 liter i omul bottomed flask and make neutial with 10 per cent XaOH; then 
add 1 ml. in excess. Steam di-till through a -hort neck flask connected to a Liebig condenser 
and collect 200 nil. of distillate in a flask containing 10 ml. of 4 NH^SO,. Transfer the 
distillate to a 500 ml. extraction flask, add 20 ml. of ether and make alkaline with 10 per 
cent XaOH and add 1 ml in exce-s. .Shake the fl:i-k for one minute and extract with three 
more portion- of ether. Combine the ether extracts, wash with water, and discard the water. 
Extract the ether liner with three 10 ml portion- ot 0.5 pei cent HC1. Evaporate the HC1 
extract to ilr\ne=s ovei steam bath and diazotue as follows: 

Take up residue with 1 ml. of watei ami add 5 ml. ol cold diazotinng reagent (keep 
'olume below 2 ml. for a laigei volume of watei causes a reduction of color due to failure 
of complete reaction with diazotizing leagent-). Then add 5 ml. of 1.1 per cent sodium 
carbonate drop bv drop with continuous mixing and allow to -tand for fifteen minutes. Next 
add 1 ml of 10 per cent XaOH drop b\ drop with lontmuou- mixing and allow to stand for 
ten minute-. Dilute with water to 40 ml. and mix. Add 10 ml. ot n butanol and mix be 
inverting. After colored laver has cleared. ie-id tiansim-siou m spectrophotelometer at 530 
aiM and calculate the amount of amphetamine pre-ent from a standard curve. 


Nicotine and pvndiue do not interfere with the above -eparation. The amphetamine 
is idcmtified m an aliquot pm of the d, -Dilate bv obtaining the melting point of the p, crate 
to 14.. C.) and the picrolonate (105° to C.) 1 


i-rom the Cotouer’s Toxicological L-tboratone- 
Hcd.lv ol for public ition. Jan. IT, 1017. 
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REAGKXTsS 1 

1. p-Xitroaniline Ilydrochloiiilc 

To 0,09 Gm. p-nitroniiiline in a 1-’.') ml. glai-.s-i.toppcml Krlenmeycr lln.-k, add •> ml. of 
concentrated HC1. .Mix by twirling and bicak larger lumps with a glass rod. I -ft stand 
for ten minutes from the time of addition of the acid. Add 97 ml. of distilled miter, a 
little at a time, with continuous mixing. Stopper the Husk and shake vigorously, Fdter 
on a 9 cm. Whatman No, 1 paper, collecting lilliate in a 125 ml. glass-stoppered l’yrex 
bottle. This solution should be stable at room temperatuie for at least a year. 

2. 0.7 Per Cent Sodium Nitrite (NaNO.) 

Dissolve 0.7 Gm. reagent grade NaNO. in distilled unter and dilate to 100 milliliters. 
This solution should be refiigetated at all times and should not he used after it is nl0rc 
than one week old. 

.’5. Diazo Iteagent (p-Nitiobenzenedia/.oiiium Chloride Solution) 

To .3 ml. p-nitro:miline hydrochloride in a 100 ml. glass-stoppeied volumetric tlask. add 1 
ml. of concentrated 1101. Place the tlask in an ice-salt hath for ten ’minutes and then add 
ml. of 0.7 per cent solution of sodium nitrite. I.et stand in iee-salt hath for six minutes, 
dilute to volume with distilled water ( mom temperatuie), mix, and leturn to ice salt hath 
for ten minutes. The reagent is now icady for use and will keep at 0 to 1° C. for at 
least two weeks under these conditions. It should be tested with amphetamine sultate 
standard before using it with unknowns. 

4. I.l Per Cent Sodium Caibonate (NaA’O,) Anhydious 

Dissolve 2.73 Gin. Na.CO, (leagent grade) in distilled water and dilute to 250 ml. in a 
Pyrex bottle. 

3. 10 Per Cent Sodium Hydioxide 

Made to contain 10 Gm. NnOII in 100 ml. solution; store in a rubber-stoppered 250 nil. 
Pyrex bottle. 

0. n-Butanol 

7. Standard Amphetamine Sulfate* 

Made to contain O.O.'i nig. amphetamine sulfate per cubic centimeter. 

Beyer and Skinner 1 described a new method for amphetamine determina- 
tion in urine. By diazotizing the extracted amphetamine with p-nitrobenzene, 
they obtained a red color which was intensified by shaking out with n-butanol. 

Gad 2 described a distillation method for tissues. Ili.s distillate was 
collected in 25 ml. of 4 X II 2 SO,. The distillate was made alkaline, then ex- 
tracted with benzol, and the benzol portion then extracted with 0.02 X 4101. 
The unused portion of the acid was titrated with 0.02 X sodium hydroxide 
using methyl red as indicator. Gad also used the spectrophotometer in estimat- 
ing the amount of amphetamine. The objection to his method was the length 
of time required and consequent tediousness, as a result of its troublesome foam- 
ing. 

Using Gad’s method, we found that post-mortem material, amphetamine- 
free, educed a color reaction when tested by the Beyer and Skinner method. 
We then subjected our distillate, using a sulfuric-tungstic acid filtrate, to the 
Beyer and Skinner method of estimation of amphetamine, and the result was a 
colorless blank. With known quantities, a well-defined color was obtained, 
which could be compared with suitable standards. 

Table I is presented to demonstrate that amphetamine is quantitatively 
recoverable from the liver. 

•Smith, Kline and French Laboratories. 
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MG. of 
AMPHET- 
AMINE 




XAOH 

SULFATE 

ML. 

MG. 

% 

EXP. 


COXC. 

ADDED 

DISTILLED 

RECOVERED 

RECOVERY 

i 


10% 

1.0 

250 

0.20 

20 

o 


5% 

1.0 

000 

0.43 

43 

3 

1 

ml. of 10% 

XaOH in excess 

1.0 

100 

0.9S 

9S 

4 

1 

ml. of 10% 

XaOH in excess 

2.0 

200 

1.S0 

90 

a 

1 

mL of 10% 

XaOH in excess 

1.0 

200 

0.95 

95 

G 

1 

ml. of 10% 

1.0 

200 

0.95 

95 


XaOH in excess 
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.rail y other investigators have advanced methods of amphetamine distills- 
um. Among them was Sehoen,-* who distilled a tablet into standard sulfuric 
acid and titrated the unused acid. Keenan* described a gold chloride micro- 
ptecipi a ion method. Heznek" extracted solutions of amphetamine from alka- 
nic so nt ions with chloroform. The chloroform wax extracted with 0.1 N H,SO t , 
a,U . ,* e a t c,d u ; as with 0.1 X alkali (1 ml. of 0.1 N acid was 

'|' a 0 ‘ 0 ^ ,ni- amphetamine). Dultz" used a method for detecting 

he a-phenyhsopropylamine, and hcta-pI,enylisopropylmethvIamine based on the 
determination oL the melting points of the picrolonates. Cannon* described a 
cun lunuu test with platinic chloride, a second method using a benzol deriva- 
\e \u i a me ting point ot 1.14° to 135° and a third method based on 
coup nig with p-mtrobenzene diazonium chloride. This same author 3 later 
cescinci a moc died technique tor amphetamine determination and reported 
a collaborative study of previously described methods, filing 3 reported that 
the distdlatmiiof alkaline mixtures of viscera was practically impossible and 

amphetamine^ ' A * ae(dlc ae ‘ d dlc distillate gave negative results for 

tin ^'l' CSC Inetbods f 01 ' the most part were fopnd wanting, for our observa- 
tions, from repeated experiments, indicated that the distillation method alone 
oi the tungstate precipitation without distillation gave interfering color. 

Oui application of distillation and extraction procedures to aqueous solu- 
l f amphetamine sulfate gave quantitative recoveries. This combined 
V 0 ' ° l nui catmn of organs by precipitation with sulfuric and tungstic 

“ 5 “ aV<? Cl i Cai ' S0hltlons which filtei> rapidly. The method will detect and 
y t mate as low an amount of amphetamine as 0.03 mg. in 25 Gm. of tissue. 

•! T f b °? d and urinc as woU as to tissues and docs not require 

a blank to be subtracted. 

dl0 fanie dot quantitative separation from tissues greatly re- 

™ fi t! Vr S aU f0Und il t0 be a nuich shorter procedure than the 
usual modified Stas-Otto method, used routinely in our laboratory.*-* Another 

Gad distillation™ 8 * ^ 6 imindt,on of foamu,g wh,eh was encountered in the 

SUMMARY 

A neW qUantl . tatlve method for the determination of amphetamine in or- 
gans, using sulf une-tungstic acid filtrate, distilled, is described. 

, . II . “ tl,al quantitative recoveries were obtained from the applica- 

t.on of distillation and extraction procedures to aqueous solutions of ampheta- 
mine. 

. This method is applicable to blood and urine as well as to tissues It will 
estimate an amount of amphetamine as low as 0.03 mg. in 25 Gm. of tissue. 
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A MICROSCREW CLAMP EOR USE WITH MOHR TYPE OP 

MICROBURETTES 


R. II. Iv. Po.stkk, M.D., and A. (i. Bkokkkk 
St. Louis, Mo. 

T HE Koch® mieroburette, in common use for ninny years, consists of a small 
capacity burette, l to 10 ml., graduated in 0.01 or 0.05 ml., and connected to 
a reservoir through a glass stopcock. A troublesome feature inherent with any 
apparatus having glass stopcocks is the gradual accumulation of particles of 
grease and a film of grease which prevents wetting of the wall of the graduated 
tube. This results from gradual loosening of the grease by repeated turning of 
the stopcock. No lubricant, including silicone, overcomes this difficulty. Fre* 
quent treatment with cleaning solution is necessary and involves a lot of time 
and labor. With heparin assays, acid cleaning after every assay is found neces- 
sary to give a good meniscus. Another disadvantage is that after several 
manipulations the accumulation of grease on the margin of the stopcock bore 
forms a sort of fjap valve which makes accurate control impossible. Control of 
the flow also becomes difficult as the lubricant becomes thinned out and emulsified 
with consequent sticking. 

To obviate these difficulties a mieroserew clamp to use with rubber tubing 
lias been designed. The first consideration was to provide a thumbscrew that 
would work easily yet without play. Second, a shut -off stop was needed to limit 
the compression of the rubber tubing just enough to stop the How. Third, an 
opening stop seemed desirable to permit instant opening to a predetermined 
degree. This would regulate the maximum rate of outflow from the burette. 
The main features of the clamp will be described although Fig. 1 is self- 
explanatory. A photograph of the clamp is shown in Fig. 2. 

The screw clamp shown is designed to take a % (i inch outside diameter pure 
gum tube, but the clamp may be made for any size. The rubber tube is main- 
tained in position by four pins. A U-shaped damp, shown in the lower part of 
the front view and in section A-A, is fitted over the lower end of the rubber tube 
in which is inserted the glass delivery tip and holds the latter steady. 

The clamp is held together by two threaded rods, an extension of one serving 
as the stop. The compression bar is slightly rounded on its contact surface. A 
strong bronze spring forces the compression bar assembly firmly against the 
lower end of the thumbscrew through a steel ball bearing. Play is thus elim- 
inated and friction in the step bearing minimized. The thumbscrew turns in a 
threaded bronze bushing, and the large knurled knob provides for fine control 

Received for publication, May 2, 1917. 

From the Department of Pharmacology, St. Louis University School of Medicine. 

The Project for which tins microscrew clamp was developed was supported by a grant 
from the United States Public Health Service. 

These microscrew clamps may be obtained from Earl L. Page, Nashville. Ind. 

• TCnch F. C. : Two Convenient Forms of Apparatus for Microbiood and Microurine 
Analysis, J. 'lab. & Clin. Med. XX: 774, 1926. 
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The two adjustable stop levers are threaded to fit the shatt ot the thum 
screw \nv degree of compression on closing is obtainable, and any degree of 
opening up’ to a turn of about 330 degrees. Loosening both levers permits open- 
ing to the maximum distance as needed when inserting the rubber tube, or in 
draining and cleaning the burette. The entire assembly is supported by a vs 
inch rod damped to a suitable support. Except for the steel ball bearing, all 

parts are of noiiferrous metal. 

The lower end of the microburette lias a side outlet for connecting to the 
reservoir. This outlet is placed 45 degrees to the rear on the right side so that 
both the microscrew clamp and another smaller screw damp controlling the 
reservoir may lie operated by the right hand. 



The change in liquid level in the burette due to compression of the rubber 
tubing after closure is reduced to a small and constant value by setting the 
closing stop lever to a point where the flow is just stopped. The volume of the 
liquid displaced may lie as little as 0.001 or 0.002 ml. and depends partly on the 
quality of the rubber tubing. Skill is quickly acquired in compensating for this 
when definite volumes are being dispensed. In titrations there is no concern 
for this since readings are made only after closure. 
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It has been found that tin's mierosercw clamp ofi'ci'.s an ease of manipula- 
tion quite outside the range provided by glass stopcocks. In heparin assays sev- 
eial hundred portions oi solutions have been dispensed from a series of micro- 
burettes. One s lingers become tired in adjusting the glass stopcocks, even to the 
point of being unable to control accurately a stopcock still turning smoothly. 
9his micros crew clamp virtually eliminated fatigue in the experiments run, and 
the speed ot operation was increased. Volumes as small as 0.001 ml. may be dis- 
pensed it the burette bore is small enough. A microburette with this specially 
designed screw clamp should he useful not only in heparin assays, but also in 

many types of work where small volumes are to be dispensed, or for rnierolitra- 
tions. 
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SUMMARY 

A microscrew clamp has been described for use with microburettes which 
offers the following advantages over glass stopcocks : 

1. Minute control to 0.001 nd. is possible. 

2. Taster operation is attained through the use of adjustable stops for the 
open and closed positions. 

3. Faster operation is also attained by the greater ease of manipulation 
which also reduces fatigue. 

4. The frequency of the troublesome add cleaning is reduced by the elimina- 
tion of the glass stopcock; and because there is no lubricant to collect on the glass 
walls, cleaning time itself is reduced. 



AN INSTRUMENT FOR RECORDING MULTIPLE PRESSURES IN MAN 

George S. Edwards, M.D.f 
Los Angeles, Calif. 

Introduction . — The instrument to be described was developed in order to 
record multiple pressure changes used in study of the cardiovascular system. 
These are intra-arterial pressure, pneumatic cuff pulsations and pressure, finger 
plethvsmograph, venous pressure, and respiration. This instrument does not 
represent an original development as to principle, but it is felt that the modifica- 
tions and adaptations of previously published techniques have proved to be 
of sufficient practical value to be described. It was also felt that the method 
of optical recording with high frequency manometers described by Hamilton and 
co-workers, 1 and subsequently modified for special purposes by various authors 
(Green, 2 Gregg and associates, 3 Kotte and associates , * and Cahoon and co- 
workers, 5 was the simplest and most accurate available. However, the relatively 
long optical levers proved to be too cumbersome for general clinical use in a 
hospital, where it was desirable to have an instrument that could be trans- 
ported from one ward to another and used in well-lighted rooms. Portability 
coupled with the necessity for reeoi’ding four to six pressures simultaneously 
required considerable modification of the usual optical manometers. 

General Description (Fig. 1 ). — The present instrument consists of three 
separate units (Fig. 1). One (A, Fig. 1) houses the fight source, transformer, 
manometers and holders, and timing device. It measures 81,28 cm. (32 inches) 
in length, 38.10 cm. (15 inches) in width, and 35.56 cm. (14 inches) in height. 
The second unit ( B , Fig. 1) is the pholokymograph or camera, the base of 
which is 21.59 em. (Sy 3 inches) square and the height, 30.48 cm. (12 inches). 
This construction enables the camera to be used for other purposes. The third 
unit (CPS, Fig. 1) contains a compressed air tank, pressure indicators, and 
control valves for inflation and deflation of a pneumatic cuff. 

Optical System (Fig. 2 ). — The optical system employed resembles in prin- 
ciple those previously described in that it consists of a light source, the beam of 
which is reflected from a small mirror mounted on an elastic membrane to mov- 
ing photographic film (Fig. 2). It is so arranged that the optical length from 
the mirror to the film is 80 centimeters. The light source consists of a battery 
of inverted “V” filament 6-volt bulbs arranged to give a vertical filament 
image. The lights are enclosed in a small plywood housing and require no 
special ventilation. A cylindric lens which corrects the image of the lamp 
filament in the vertical axis is placed in front of each manometer. Mounted 
in the camera is a cylindric lens which corrects the image of the lamp filament 
in a horizontal axis, thus producing a square or rectangular spot on the film. 

cm California? Deparlu " int of Physiolos} ' of Ule Scho ° l Oleine of the University of South- 
Received for publication. March 6, 1317. 
tDr. Edwards died on Jan. C. 1317. 
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liminy Device. — The timing device, giving transverse lines at 0.10 second 
intervals, consists of a lamp with a rotating slotted disk between it and the 
camera. The disk is driven by a synchronous motor. 


CPS 

✓ N. 
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Manometers. I he diameter and tension of the manometer membranes vary 
with the type of pressure to be recorded. Latex rubber is used. For the lowest 
pressure range (plethysmograpli), a large slack manometer membrane (diam- 
eter, 2.5 cm.) is used. For intra-arterial pressure recordings, which are in the 
highest pressure range, tense membrane manometers of 0.5 to 1 cm. in diameter 
are used. Recently, beryllium copper lias become available again and is replac- 
ing the latex membranes in higher pressure ranges. 

Manometer Holders (Fig, 3 ). — Each manometer assembly is mounted on a 
small platform on which it can be rotated around a vertical axis so as to place 
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the reflected light beam at any position along the camera slot. This position is 
maintained by a single clamping screw. The block {A, Fig. 3, Part C) contain- 
ing the manometer tube rotates on an axis parallel (around pin P, Fig. 3, Pait 
C) to the camera slot and may be clamped in position by a single screw. This 
movement serves to elevate or depress the reflected light beam in relation to 
the camera slot. The manometer tube is inserted into a hole in this block so 
that it may be rotated 360 degrees around a horizontal axis perpendicular to 
the camera slot and may be clamped in any position by a single screw. This 
allows the axis of deflection of the light beam to be made parallel to the camera 
slot (horizontal). The assembled manometers are shown in Fig. 3, Part D. 

Tubing . — The tubing used to connect the intravascular needles with the 
manometer should be relatively nonexpansile lest serious damping of the system 
occur. Polyethylene plastic tubing (I.D., ± 4 mm.; wall, ± 2 mm.) has been 
found to have several distinct advantages over lead, tin, or zinc tubing. It is 
chemically inert to the solutions that it contains and therefore forms no pre- 
cipitate, and it is transparent so that air bubbles may be readily observed. Its 
flexibility- makes it easy to handle. 

With the advent of small diameter thin-walled polyvinyl trrbing which 
may be passed through 17- or 1 5-gauge needles, the possibility of utilizing this 
material and discarding the rigid indwelling needles has been considered. A 
flexible tube which is relatively inelastic and has a large inside diameter as com- 
pared with the outside diameter lias many theoretical advantages for intra- 
vascular studies. In addition the clotting time of blood in such a tube is 
greatly prolonged as compared with that in a steel needle tube. For veins, 
a 17-gauge needle is introduced into the vein and a length of polyvinyl tubing 
inserted through the needle within the vessel for several centimeters (or any 
desired length); the needle is then withdrawn, leaving the tubing within the 
vessel. It is then connected to a manometer by a suitable adapter and flexible 
tubing. Little bleeding takes place around the indwelling tube. 

Finger Plethysmograph . — The usual water-filled glass tube plethysmograph 
has been replaced bv an air-filled thin-walled aluminum tube 12 cm. (4.72 inches) 
in length and 3.5 em. (1.3S inches) in diameter, which is equipped with a screw- 
on collar that allows cones until openings of various diameters to he fastened 
to the tube. The plethysmograph tube with cone in place is slipped over the 
finger and one of the quick-drying liquid plastics is applied. By this method 
only relative changes in volume which take place over short periods of time 
such as with acute venous occlusion (finger blood flow) may be measured. 


Differential Chamber (Fig. 4 ). — To record the arterial pressure pulses 
transmitted through a pneumatic cuff, a manometer must he able to withstand 
cuff pressures up to 300 mm. Hg or more, yet he responsive to pressure changes 
of 1 to 5 mm. Hg. The differential capsule principle has been utilized and a 
small chamber which fits in the described manometer holders has been developed 
if* f lcmbrane holder is screwed into the manometer tube in the usual fashion 
»o lens cap, with the lens sealed in place, is then placed over the membrane 
holder and screwed to the manometer tube. Thus a pressure-tight chamber is 
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formed around the membrane. An opening into this ehamher allows pressure 
to he applied to the mirror .surface of the membrane, while pressure may be 
applied to the opposite side through the manometer tube, it' the two sides are 
then connected to the cull', equal pressures will be applied to both sides of the 
membrane and no movement will take place. However, a small needle valve is 
placed in the tube leading to the chamber which enables the rate of pressure 
change to be controlled so that at any pressure level sudden changes ill pressure 
are not transmitted to the chamber and lienee act solely on one side of the 
membrane. The result is the recording of eutV pulsations at any cliff pressure 
levels desired. 

Chamber 



Camera. — The camera is of the usual type and uses 6-inch scismogvapluc 
recording paper. 

Records (Fig. 5 ). — The types of records obtained by the instrument de- 
scribed are illustrated in Fig. 5, Parts .1, 7i, and ('. Fig. 5, Part A, shows the 
recording of direct arterial pressure (brachial artery) and indirect arterial 
pressure from the same arm as the cuff pressure is dropped from above to below 
the systolic level. The time lines are placed across the entire width of tins 
record. In Part B, the time line is placed at the bottom of the record only. 
This record shows the plethysmographie tracing as well as direct and indirect 
arterial pressui’e records and cuff pressure. The recording of venous pressure 
and respiration is demonstrated in Part C. Here the direct and indirect 
arterial pressure is recorded as the cuff pressure is decreased from above to 
below diastolic pressure. 

SUMMARY 

A new instrument is described for simultaneous recording of intraarterial 
pressure, pneumatic cuff pulsations and pressure, finger plethysmograph, venous 
pressure, and respiration. It is easily movable and can be used in well-lighted 
rooms. The principle is similar to that of the Hamilton manometer. 
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formed around the membrane. An opening into this chamber allows pressure 
to be applied to the mirror .surface of the membrane, while pressure may be 
applied to the opposite side through the manometer tube. It’ the two sides are 
then connected to (he euff, equal pressures will he. applied to both sides of the 
membrane and no movement will lake place. However, a small needle valve is 
placed in the tube leading to the chamber which enables the rate of pressure 
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Camera . — The camera is ol' the usual type and uses 6-inch seismograph^ 
recording paper. 

Records (Fiy. 5 ). — The types of records obtained by the instrument de- 
scribed are illustrated in Fig. 5, Parts A, li, and ('. Fig. 5, Part A, shows the 
recording of direct arterial pressure (brachial artery) and indirect arterial 
pressure from the same arm as the euff pressure is dropped from above to below 
the systolic level. The time lines are placed across the entire width of tins 
record. In Part B, the time line is placed at the bottom of the record only. 
This record shows the plethysmographic tracing as well as direct and indirect 
arterial pressure records and euff pressure. The recording of venous pressure 
and respiration is demonstrated in Part C. Here the direct and indirect 
arterial pressure is recorded as the euff pressure is decreased from above to 
below diastolic pressure. 

SUMMARY 


A new instrument is described for simultaneous recording of intraarterial 
pressure, pneumatic cuff pulsations and pressure, finger pletliysmograph, venous 
pressure, and respiration. It is easily movable and can be used in well-lighted 
rooms. The principle is similar to that of the Hamilton manometer. 
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Plastic tubing is substituted for metal tubes and needles previously used. 
A differential chamber is described for recording pneumatic cuff pulsations. 
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A METHOD OP DETERMINING THE SPECIFIC RENAL FUNCTIONS 
OP GLOMERULAR FILTRATION, MAXIMAL TUBULAR EXCRETION 
(OR REABSORPTION), AND “EFFECTIVE BLOOD FLOW” 
USING A SINGLE INJECTION OP A SINGLE SUBSTANCE 

Miltox Laxdowxe, M.D., axd Alf S. Alvixg, M.D. 

Chicago, III. 


M ETHODS of determining fairly specific renal functions are available at 
present. 1 ' 3 Because of the complications and detail involved, their usage 
is limited essentially to the field of research. The following attempt at simpli- 
fication of these procedures has meet with partial success and is presented in the 
interest of a wider clinical application of these newer and more useful renal 
function tests. No new concepts are involved, but in order to present our 
method, the underlying principles will be briefly reviewed from our perspective. 

A substance which is excreted solely by being filtered through the glom- 
erular membrane appears in the urine at a rate "which is directly proportional 
to its concentration in the plasma water (Pig. 1). Inulin is an example of 
this type of compound. The ratio of its urinary excretion per minute to its 
plasma concentration is constant and may be expressed by the slope of the 
line indicating inulin excretion at varying plasma concentrations. This rep- 
resents the inulin clearance, or glomerular filtration rate, in cubic centimeters 
per minute since it expresses the volume of plasma which contains the amount of 
inulin excreted in one minute. Inasmuch as the excretion of inulin is accom- 
plished only by glomerular filtration, the slope of this line also represents the 
glomerular filtration rate; that is, the volume of plasma whose water is filtered 
by the glomerular membrane in one minute. 

A substanee which is not only filtered, but which also is excreted by the 
tubules, will have a higher rate of excretion than inulin. If the tubular excre- 
tion is proportional to plasma concentration, then the total excretion will like- 
wise be proportional to plasma concentration, and the ratio ~A P ary excretion rate 

plasma concentration 

will be constant; that is, the clearance will be constant and greater than the 
inulin clearance. This is generally true of diodrast in low concentrations 

(Pig. 2). 


As their plasma concentration is increased, certain substances can be de- 
tivcred to the tubules in quantities sufficient to saturate their tubular excretory 


l'ouml I i?m„ ln L cs ! Usat . ion was •■“Jed by grants from Kenneth G. Smith and the Douglas Smith 
X? !'. ' . Vmv '- r ' u y of Chicago, and the Winthrop Chemical Company. Inc.. Xeu- ySrlcl 
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mechanism. In this ease their tubular excretion rate may reach a constant 
maximum value. The total urinary excretion of such substances continues to 
increase as the plasma level is increased, but only because larger amounts aie 
being filtered. Diodrast, above a plasma total concentration of about 15 mg. 
per cent, behaves in this fashion and exhibits a constant maximal tubular ex- 
cretion rate referred to as its Tm (Fig. 2). 

These three functions— glomerular filtration rate, diodrast clearance, and 
maximal diodrast tubular excretion (or Tm) — are usually determined by the 
simultaneous and sustained administration of inulin and diodrast. It may be 
readily shown theoretically that these functions can be determined by the use 
of diodrast alone — inulin being unnecessary for the following reason: Since 
the curve of urinary diodrast excretion in the range of high plasma levels is a 
constant distance above the curve of diodrast filtration, the two curves are here 
linear and parallel, and the slope of the curve for total excretion, therefore, 
again equals the glomerular filtration rate (Fig. 2). Furthermore, the distance 
the total excretion curve is above the filtration curve represents the maximum 
tubular excretion or Tm and can he read on the y axis by extrapolation. Data 
for these determinations can be obtained by a single intravenous injection rather 
than by a continuous intravenous infusion. 


PLAN OF EXPERIMENTS 


Experiments were designed to test the practical validity of this theorem. 
A single injection of diodrast (or para-amino-hippurate) was given and suc- 
cessive clearance periods obtained as the plasma concentration fell. Inulin was 
also included iu the injection, in order to compare the simultaneous average 
inulin clearance with the glomerular filtration rate as determined from the 
curve of diodrast excretion. The following procedure was employed : 

Preliminary to, and during, the test a large water intake was provided in 
order to maintain an adequate, approximately constant urinary flow and extra- 
cellular fluid volume. After a blood blank was withdrawn, the substance 
selected (here diodrast or para-amino-hippurate) was injected intravenously 
together with inulin in a conveniently small volume of solution. The amounts 
given were chosen to approximate the desired concentration hi a volume of fluid 
whose mass is equal to 0.25 times body weight. The injection was given con- 
veniently by gravity infusion in five to thirty-five minutes, the rate being con- 
trolled to minimize any alterations in blood volume or blood pressure. (In- 
jection of diodrast iu less than ten minutes has been noted to produce temporary 
depression of the diodrast clearance.) 


Collection of urine was begun usually twenty-five to forty-five minutes after 
starting the intravenous injection. Three to twelve (average, seven) urinary 
samples were obtained, usually successively, each representing periods of nine 
o lorty-six (usually ten to twenty-five) minutes. The usual technique for eol- 
eetion- was followed, using a large indwelling catheter and three successive 

Sh\n ,nSiB8S 01 th . e “ adder with 20 r - c - of timing the end of rinsing 
un dn accuracy within five to fifteen seconds. 
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Three or more blood samples wore drawn at intervals to establish curves 
of plasma concentration. Duplicate or triplicate analyses of the heparinized 
blood plasma and of the diluted urine samples were made in the usual man- 
ner. 1 ' 3 The plasma concentrations corresponding to two and one-half minutes 
before the mid-point of each collection period were read from the curve of log 
plasma concentration plotted against time. In the case of diudrasl or para- 
amino-hippuratc, these values were corrected for the water content of plasma 
and for protein binding, being expressed as milligrams of unbound material 
per cubic centimeter of plasma water. The average urinary excretion rates 
corresponding to each of these values were determined by dividing the total 
excretion of material in milligrams for each period by the length of the period 
in minutes. The excretion rates were then plotted as ordinates against the 
plasma concentrations as abscissas. 

To all data in the region of maximal tubular function, a straight line was 
applied by the method of least squares. (This also can he done fairly accurately 
by inspection.) The selection of points can usually be made if it is remembered 
that the curve turns toward the origin at low values. The slope of the line ob- 
tained represents the average glomerular filtration rate in cubic centimeters 
per minute, and the extrapolated intercept on the y axis indicates the Tm in 
milligrams' per minute. While this is termed a “graphic” method, the values 
also can be obtained readily from the formula for the lino derived by the 
method of least squares. (The Tm is the value for y where x — 0, and the 

glomerular filtration rate is -— •) 

° dx 

If urinary collections are continued, data may be obtained for low plasma 
levels. Here the slope of the curve increases to approach a straight line run- 
ning through the origin. The slope of this line represents the “effective renal 
plasma flow. ’ ’ 

RESULTS 

Comparisons have been made in fourteen subjects in the following manner: 
(1) The glomerular filtration rate (GFR), derived by the aforementioned 
“graphic” method from diodrast or para-amino-hippuratc excretions, was com- 
pared with the average of the simultaneous inulin clearance determinations 
(Ci) for each subject. (2) From the conventional calculations based on simul- 
taneous excretions of diodrast (or PAH) and inulin, Tin’s were obtained, and 
the average of these Tm’s for each subject was compared with the “graphic” 
determination of Tm from diodrast (or PAH) excretion values alone. (3) 
When sufficiently low plasma levels were reached, the graphic and calculated 
“effective renal blood flow” were compared. (4) In several .cases the modified 
procedure for the “graphic” method followed or preceded the “standard” 
method of maintaining continuous infusion at approximately constant plasma 
level, and the consecutive results were compared. 

Representative curves are shown in Fig. 3, illustrating variation in group- 
ing of points, self-depression of Tm due to too rapid injection, and clearances 
at°high and low plasma levels of diodrast and PAH. The italicized values are 
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those calculated from the simultaneous inulin determinations. The comparisons 
are summarized in Table I. Of special significance are columns 5 and 6 and 10 
and 11. Columns 5 and 6 indicate an average difference between methods of de- 
termining filtration rate of S e.e. per minute or 13 per cent, regardless of sign. 
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This is to be contrasted with the average of the average deviations for the sev- 
eral inulin clearances in each, experiment (column 4), indicating an average 
variation of 7 per cent in the determinations by the standard method itself. 
For the Tm comparisons, the average difference between the standard and the 
simplified method was 3 mg. per minute or 10 per cent, neglecting sign (columns 
10 and 11), while by contrast the average of the average deviations of the 
standard Tm calculations was 6 per cent (column 9). The identity of the 
averages of the fourteen values for the two methods, both for filtration rates and 
for Tm, is, in view of the small number of eases, largely a prejudicing coinci- 
dence and does not argue for the reliability of the modified method in the 
individual ease. 

DISCUSSION 

Errors . — This modification shares with all methods of measuring renal ex- 
cretory function the errors arising from possible misunderstanding of the mode 
of excretion of the substance being studied, particularly in conditions of dis- 
ease. Sampling errors are slightly greater than in the standard techniques, 
because of shorter rinsing, but are probably well within the analytical errors 
common to both methods. 

There are, in addition, three errors introduced by the use of a changing 
plasma concentration rather than a sustained one. The first is that a representa- 
tive sample of the mean plasma concentration may not be obtained. If the 
linear or the logarithmic rate of change of plasma concentration should happen 
to be constant, then the mean concentration can be read on a suitable graphic 
plot from the mid-point in time, or calculated from the values at the beginning 
(?,) and end (P 2 ) of the period. Where the plasma concentration fall is linear, 

the mean concentration is equal to-hs_ xJLt. Where the logarithm of concen- 
tration falls in a linear manner (as is the case with inulin and approxi- 
mately so with diodrast at high plasma levels) the mean concentration is 
P, - P, = 

2.302 log|i 

For any relationship of plasma concentration and time, the true mean 
concentration can be arrived at by determining the entire area under the con- 
centration curve for the period, either analytically or pJammetrically, and 
dividing by the length of the period. In forty-two periods a comparison was 
made of the values as calculated by these three methods: from mid-point in time, 
by logarithmic plot, and by planimetrie measurement. The differences between 
the values so derived (Table II) did not fall in any consistent direction and 
were less than the errors inherent in the remainder of the procedure; therefore, 
the simple “mid-point” value was taken as representative of the mean plasma 
concentration. 

I he second error is due to the fad that urine reaching the bladder is 
mwed from plasma a short while previously, and, therefore, does not eorre- 
Sp0ml t0 t!w simultaneous plasma concentration. This anachronism is due to 
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r‘ ‘ Mn:i i’l.ASMA CoSCl - STIlXClOS " AS OBTAINED IIVT (A) 

AiirriiMLno Mean (B) Looakitiimic Mean (C) Planimetkio Mean Values, 
All j‘jXi*ju;ssed as Plk Csxr ok Valui: 



a dela^ in the passage ol’ urine through the kidney and ureters to the bladder, 
wneh is relatively greater than the circulatory delay in the passage of blood 
Irom the kidney to the arm vein (if venous blood is used). This time lag is 
\anable and was found by Smith and co-workers 1 to average about two and 
one la f minutes in man. It the plasma concentration is constant no error 
lesu ts, but if the plasma level is rising or falling some correction should be 
consi eied. Applying a correction oi two and one-half minutes to a curve of 
calling concentrations produces higher values for mean concentration, and tliere- 
tore lower clearances, than if no correction were made. Using the conventional 
method of calculating clearances, but with a falling plasma concentration curve, 
t le aveiage decrease in clearance in thirty-one determinations was 2 per cent 
(the maximum, 4.3 per cent; the minimum, O.S per cent) when a two and one- 
half minute correction was applied. Conventionally calculating Tin from inulin 
and diodrast excretions based on a falling curve, a two and one-half minute 
correction resulted in even less change, since the Tm is derived by clearance 
diffei cnees, the average correction was -O.S per cent; the range was from 
.0 pei cent to +1.6 per cent. We have therefore applied the correction, 
concluding that the estimated anachronism of two and one-half minutes can 
be m error by 100 per cent without introducing significant error in result, except 
perhaps when very rapid changes in plasma level are occurring. 

rhe third possible source of error arises in case of storage of material by 
t le a ney, to be released during falling plasma concentration. Smith and 
co-workers 1 have concluded that there is no appreciable storage of inulin or of 
diodrast since clearances were the same whether obtained when plasma con- 
centrations were rising or falling. 


Technique of Test .— An important technical difficulty is presented in ob- 
taining the proper range of blood levels. If renal function is high, or periods 
too long, too few points may fall within the usable range. On the other hand, 
if peiiods are too brief, inaccuracy in urine collection increases; or if renal 
function is too pool, the change in plasma level may not yield a sufficient scatter 
of points, unless the test be prolonged unduly. It is therefore imperative that 
some prior estimate of function be made in each ease, as for instance by urea 
clearance, phenolsulfonphthalein, or concentration tests. W T hen determinations 
of effective renal blood flow are also desired, it may take some time until suf- 
ficiently low plasma concentrations are z’eaehed in the case of large subjects, or 
in subjects with low renal function. In such cases the test may be interrupted 
and resumed if intermediate points are not desired. 
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„ . . , , r T n determining “effective renal plasma flow,” this 

o. the constancy o t 'ST/ fatten between excretion and 

disease the demonstration ox a imem 

plasma concentration of diodrast (or PAH) may be necessaty be ore the cleat- 
re can be considered to represent “effective renal plasma fta. 



Fig, 4. — Various substances exhibiting a 
tory or reabsorptive, may be used to determine 


maximal tubular transport (Tin), either excret- 
the glomerular filtration rate as well. 


By plotting excretion rates against the total concentration in the water of 
the plasma rather than against the concentration of free diodrast (or FA El ) , 
the Tm value will he unchanged, but the value for glomerular filtration rate 
will be low by a factor equal to the average per cent of material hound by pro- 
tein. Smith and associates 3 have, in fact, adopted this method to enable them 
to check the degree of protein binding of PAH. 

It is inaccurate to rely upon this method to estimate filtration fractions 
or to derive other hemodynamic ratios, for not only are the determinations of 
“effective blood flow” and glomerular filtration not made simultaneously, but 
the lessened accuracy of the determinations may yield disproportionate inac- 
curacy in any calculation involving ratios of the values obtained. 
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The iaet that the calculations ami analytic detail have been simplified 
should not suggest that the procedure has achieved true simplicity. We have 
not had a sufficient experience to predict whether it can he developed to a point 

where all the pitfalls of the more accurate clearance studies can he consistently 
avoided. 

The method is applicable not only to diodrasl, but also to any substance 
" * lc 1 cx ^^'* s a maximal tubular transport, either excretory or rcabsorptive 
ig. 4) Data from the literature on hippuran, glucose, and ascorbic acid, 
'' lc P olttrl by our method, finds agreement with the original calculations 
a 3 e . Because the analysis of para-amino-hippurate is within the range 
o mam clinical chemical laboratories, this .substance is particularly suited to 
the method. The ideal substance is. however, still to he found, for it must 
possess the attributes of being nontoxic, not metabolized, not stored, nor rapidly 
excreted via other routes; must not appreciably or variably be bound to pro- 
tein, must be readily subject to analysis, and its normal Tm should he large 
m ie a ion to t ic cuor oi analysis. With a substance possessing these attributes, 
a wit cspicac c mic&il application oi this simplified procedure may bo feasible. 

Table III. Comparison of Simplifier Method With Standard Method of Determining 

Glomerular Filtration and Tm 


SUB- 
STANCE i 

SUBJECT 

1 SIMPLIFIED METHOD 

! STANDARD METHOD 

REFERENCE 

glomer- 

ular 

FILTRA- 

TION 

RATE 

Tm 

CREA- 

TININE 

CLEAR- 

ANCE 

IN U LIN 
CLEAR- 
ANCE 

Tm 

C.C./MIN. 

Mo./min. 

C.P./MIN. 

C.f’./MIN. 

MG./.MIN. 


Dog 

(3 experiments) 

05 

. 

mm 

05.7 


7.0 

5 (Table III) 


Dog 

BIB 

13.2 

•15 


11.9 

5 (Table II) 

Glucose 

Dog 

Dog 

H 

292 

215 

115.2 

SI. 5 


20S 

220 

0 (Table I) 

7 (Table I) 

acid 

Man 

(G experiments) 

| 130 

2.5 


12-1.2 

2.17 

S (Table I) 


Other Simplified Methods .— Other workers have reported on simplifications 
m the determination of these renal functions. The method of Findley and co- 
workers, which assumes that the per cent of injected diodrast excreted in the 
urine m thirty minutes is a measure of Tm, has no physiologic basis. Applying 
his method to data determined by standard procedure has yielded errors of 
several hundred per cent. 

Foa and Foa have performed clearances during falling plasma concentra- 
tions. Oni studies establish the validity of such procedure and offer further 
simplifications. 

Eaile and Berliner recently have suggested 11 that a sustaining infusion 
can be given to maintain a constant blood level after equilibrium has been 
established, when the rate of infusion can be taken to indicate excretion in place 
of the urinary collections, thus obviating' the need of catheterization. How one 
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establishes the proper level of infusion other than by approximation is not 
indicated. It is not feasible to perform “ spot” blood analyses during the 
test, and slow drifts in plasma concentration of insignificant degree maj e 
produced by infusions at rates which are considerably different from the rate 
of urinary loss. For example, an infusion of 20 per cent more inulin than is 
being excreted will take twenty minutes to increase the plasma concentration 
by 2 per cent under conditions where plasma level is 100 mg. per cent, the total 
inulin in the body is 15 Gnu, and the rate of excretion is id mg. per minute. 
If extracellular fluid volume remains constant over periods long enough to 
provide accuracy, then the procedure may have great practicality. 

Newman and associates 12 have proposed that the rate of change in plasma 
level of mannitol after equilibrium has been established can be taken to yield 
the rate of excretion. We had endeavored to establish this possibility for inulin 
and diodrast. Disappointingly, we found that the theoretic volume of solution 
(obtained by dividing the amount of material remaining in the body by its 
plasma level} continued to rise and did not attain equilibrium during tlvs, sev- 
eral hour course of the experiment. Mannitol appears to equilibrate sooner 
than inulin and/or high concentrations of diodrast, but data establishing the 
correctness of the assumed equilibration do not appear in the literature. If the 
volume of distribution could be as reliably known, or held constant, in the case 
of substances in plasma concentration high enough to exhibit a Tm, then the 
mathematic derivatives of Tm without urinary collection may become possible. 
In this method of approach also, a small percentage change in volume of dis- 
tribution accounts for an amount of test material which is large in proportion 
to the rate of excretion, especially at high plasma levels. 


SUMMARY 

Certain specific renal functions may be determined with sufficient accuracy 
for clinical purposes by blood and urine analyses after a single intravenous 
injection of one of several substances. 

The theoretic implications and the present practical limitations of the 
method are discussed. 
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RADIOACTIVE PHOSPHORUS, P 32 : A SIX-YEAR CLINICAL 
EVALUATION OP INTERNAL RADIATION THERAPY 

Charles A. Doan, M.D., B. Iv. Wiseman, M.D., Claude-Starr Wright, M.D.,* 
Joseph H. Geyer, M.D., William Myers, Ph.D., M.D.,f and 
Jo W. Myers, B.S., M.S. 

Columbus, Ohio 

F OR nearly half a century roentgen radiation has been the most effective 
palliative ti’eatment for the more chronic leueemic states and allied hemato- 
logic dyscrasias, having been first used by Senn in a case of lymphatic leucemia 
in 1903. 1 There are, however, distinct and obvious limitations in the clinical 
application of roentgen-ray therapj' as well as of radium and other naturally 
occurring radioactive elements. These have been utilized more or less effect! v ely 
in medicine by way of external application, but these elements have proved 
dangerous when deposited within the body as internal therapy. With the de- 
velopment of the cyclotron by Ernest Lawrence, both physicist and biologist 
were provided with a tool by means of which a wide range of important hitherto 
stabile chemical elements in nature might be rendered temporarily instabile and 
radioactive for a limited period of time, thus opening up entirely new fields of 
scientific exploration and control. 

In medicine, the diversion of small quantities of selected isotopes essential 
to normal body metabolism has made possible important tracer element studies, 
as well as selective internal radiation therapy. Very recently the provision for 
utilizing the government-owned uranium piles as a source of some of these 
biologically significant radioactive isotopes is permitting the more rapid de- 
velopment of this field of knowledge through a much greater potential supply 
of the desired elements. 

Of the artificially produced isotopes, radioactive phosphorus (P 32 ) has been 
studied most extensively to date as a means of internal radiation therapy. It 
became evident following the earliest observations in animals that this isotope 
might he used advantageously in certain human Hematologic dyscrasias. C lin - 
teal reports evaluating radioactive phosphorus as a therapeutic agent have been 
made by Low-Beer, Lawrence, and Stone, 2 Erf, Tuttle, and Lawrence, 1 Fitz- 
Hugh and Hodes, 5 Kenney, 0 Graver, 7 Warren, 3 Hall, Watkins, Hargraves, and 
Gulin,-' Erf, 10 ' 11 and Hoster and Doan. 12 Reinhard, Moore, Bierbaum, and 
Hoove 1 3 have recently published a comprehensive and detailed summary of the 
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basic concepts aiul accumulated clinical experience in this field as a background 
for the critical analysis of their own observations which renders any repetition 
of these details at this time unnecessary and inappropriate. 

Studies in this laboratory and clinic were initiated in 1941 ft with radio- 
active phosphorus from the Radiation Laboratory at Berkeley and were con- 
tinued with material from the Ohio State University cyclotron when it became 
functional in 1942. We are now regularly receiving radioactive phosphorus and 
other isotopes through a government contract from the .Manhattan Project, 
Oak Ridge. Tenn. An analysis of the results to date in our first 100 patients 
treated with radioactive phosphorus I”- is presented in this communication 
(Table I). 


Table I. Diseases Treated With Radioactive Pnosnioiius 


Polycythemia rubra vera 

20 


Tile leucemias 

Lymphatic 

Acute (leucosareoma) 

IS 


Chronic 

11 


Myelogenous 

Acute 

1 


Chronic 

13 


Monocytic 

Acute 

!) 


Chronic 

1 


Hodgkin ’s syndrome 

l(i 


Metastatic carcinoma and sarcoma 

5 


Multiplo myeloma 

•1 


Mycosis fungoides 

1 


Exfoliative dermatitis 

1 


Total 

100 

— 


MATERIALS AXD METHODS 

The baso line laboratory studies on all patients included serial complete total white, red 
blood cell, and platelet counts, white cell differentials using the supravital technique, hemo- 
globin determinations, reticulocyte percentages, sedimentation rate, and packed cell volume. 
Repeated bone marrow examinations via sternal aspiration and the supravital technique were 
made. Determinations of tho basal metabolic rate were douo routinely, exeluding any thyroid 
dysfunction by the iodine fractionation techniques of Curtis and associates. 11 Appropriate 
biopsies were performed as the basis for fixed section diagnoses in the carcinomatoses, Hodg- 
kin’s syndromes, and mycosis fungoides. Blood volume determinations, using Evans blue 
dye T-1S2-1, 15 formed a part of the study in patients with polycythemia rubra vera. Com- 
plete hematologic studies were made daily in those patients being observed in the University 
Hospital. Those who were seen as out patients had the same determinations made at inter- 
vals of one to eight weeks, depending upon the acuteness or chronicity of the clinical course 
and the availability of the patient. Certified United States Bureau of Standards Trenner 
blood cell pipettes were used. The sedimentation rate was estimated by the Wintrobe method 
as modified for cell volume by Rourke and Ernstene.m A modification of the Dameshek 
method was used for platelet and reticulocyte determinations. Hemoglobin measurements 
were made by the oxyhemoglobin determinations on the Evelyn photoelectric colorimeter, which 
was standardized by the Van Slyke apparatus. 

Radioactive Phosphorus . — The details of the cyclotron bombardment of the red phos- 
phorus have been adequately considered elsewhere. 1 ' The phosphorus isotope was converted 

♦Through the courtesy of Dr. John Lawrence. 
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into dibasic sodium phosphate by the method described by Kamen.m The route of administra- 
tion in the earlier studies was determined by the availability and purity of the material. To 
conserve P« the intravenous route was used most frequently, this being more economical by 
approximately 30 per cent. The more recent radioactive phosphorus from the uranium piles 
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Fig. 3. — IV. I;., GO-year-old white man. Diagnosis: Polycythemia rubra vera. 

During the three months preceding the establishment of the diagnosis in 1912 this 
patient had both cerebral and coronary thromboses. Venesections and roentgen radiation to- 
gether failed to maintain a satisfactory hematologic or clinical equilibrium during the next 
three years. A total of 10.G me. P 22 administered in small doses over a four-month period 
induced a remission of one year. Second remission now being induced. Complete relief of 
the incapacitating vertigo and recurrent intravascular thromboses has been effected. Note 
tho response of tho platelets (8,000,000 per cubic millimeter) and granulocytes (26,000 per 
cubic millimeter) as well as erythrocytes (S, 300, 000 per cubic millimeter) to this therapy. 
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This is particularly true ol‘ the megakaryocytic hyperplasia and consequent 
potentially dangerous thrombocytosis. The development at times of hypopro- 
thrombinemia, or the increased viscosity of the blood, plus an elevated level of 
circulating platelets, makes the opposite extremes of spontaneous hemorrhage 
or intravascular thrombosis potentially dangerous complications to be anticipated 
and avoided. When radioactive phosphorus is deposited in bone, the beta radia- 
tion is effective in controlling myeloid and megakaryocytic hyperplasia as well 
as erythroid hyperplasia. With the more effective control of the pan-marrow 
hyperplasia the incidence of complications is significantly lowered and longevity 
increased. The experience in this clinic is in agreement with the reports of 
others, that at the present time properly administered radioactive phosphorus 
is the therapy of choice for polycythemia rubra vera. 



Fig. 4. — B. C., 48-year-old white woman. Diagnosis: Polycythemia rubra vera. 

Small token doses of radioactive strontium and phosphorus in 1942 induced suggesthe 
but not prolonged remission in this patient. Subsequent repeated venesections, while con- 
trolling the red blood cell and hemoglobin levels fairly satisfactoiily, failed to influence favor- 
ably leucocyte and platelet levels which readied 21,000 and 6,127,800 per cubic millimeter, 
respectively by April, 1945. With four small divided doses of Pse therapy a remission last- 
ing^ fifteen ’months was accomplished, which controlled effectively all marrow elements. 
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A total of twenty patients with this diagnosis, twelve men and eight women, 
have been treated in this series (Table II). The ages range from 2S to 73 years. 
Only two have expired during this period of observation, one from injuries re- 
ceived in an automobile accident and the other from carcinoma of the bladder. 
Excellent hematologic and clinical remissions lasting from five to nineteen months 
were effected in ten (Pigs. 2 to 4). Seven patients showed partial responses. 
Four of these required venesection at various times in association with' the 
P 32 therapy. Two (Cases 7 and 11) had a fall in both white blood cells and 
platelets to a low normal before the red blood cells bad shown a satisfactory 
response. In both of these instances venesection seemed indicated to bring the 
red blood cell level to normal since it was feared that further internal radiation 
therapy might cause a clinically significant granulocytopenia or thrombo- 
cytopenia. Thrombocytopenia, neutropenia, and anemia have been noted as 
complications of P 32 therapy, 18 and the necessity for careful individualization 
of dosage cannot be overemphasized. Another case (Case 12) has been seen 
only at infrequent intervals over the past three year’s. Only when pruritus 
became severe was medical attention sought. P 32 controlled the pruritus satis- 
factorily. In the limited dosage then available, however, little effect was ob- 
served on the hematologic picture. During the earlier years of this study the 
supply of radioactive phosphorus was very limited, and in the majority of in- 
stances where satisfactory remissions were not induced the P 32 dosage was defi- 
nitely inadequate. No patient with this diagnosis has developed a true irre- 
versible leucemic, hematologic, or clinical picture in our experience, though a 
'' leucemoid" blood picture has not been unusual. 

LYMPHATIC LEUCEMIA 

Ten of the eleven patients with chronic lymphatic leueemia (Table III) 
treated with P 32 have expired. One is still under therapy (Fig. 5). Excellent 
clinical and hematologic improvement was obtained in three patients, one of 
whom (Fig. 6) had developed a marked hypersensitivity to roentgen radiation. 
Only moderate improvement was effected in three cases and slight improve- 
ment in two. In three patients no change in either clinical or hematologic status 
was apparent; two of these previously had become resistant to roentgen radia- 
tion. Three patients with intractable pruritus associated with leueemia cutis 
were relieved with P 32 therapy, one of these having received no relief previously 
from spray roentgen radiation. 


LEUCOSARCOMA 

(lymphosarcoma cell leucemia) 

Fifteen of the eighteen patients with leueosarcoma treated in this series were 
children under 9 years of age (Table IV). In twelve cases temporary remis- 
sions, both clinical and hematologic, were induced, lasting from three days 
o three weeks; however, the leucemic process then became more resistant to 
nuiiahon therapy and occasionally appeared actually to be accentuated (Fm 7) 
All ox these patients have expired. 
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Fig. 5. W. C., oo-year-old white man. Diagnosis: Chronic lymphatic leuccmia. 

Radioactive phosphorus reduced the white blood cells from 90,000 to 20,000 with a 
reciprocal rise in the circulating red blood cells and hemoglobin levels; the patient was asymp- 
tomatic for a sixteen-month period from November, 1944, to March, 1940, on this regime. 
Then there suddenly developed a subacute erythroelastic crisis with clinical jaundice and a 
rapid fall in led cells and hemoglobin during a three-week period. The reticulocytes became 
moderately elevated (b to 11 per cent). The spleen increased rapidly in size but there was no 
corresponding enlargement of any of the regional lymph nodes, and the peripheral white cell 
and lymphocyte equilibrium showed no significant qualitative or quantitative filterations. The 
bone marrow revealed a W.B.C. :R.B.C. ratio of 2:1 with GO per cent small mature lympho- 
cytes present, but there was striking evidence of normoblastic and erythroblastic overcom- 
pensatory hyperplasia. Thero was no sign of excessive destruction of" marrow elements by 
the radioactive phosphorus. The adrenalin test further supported a diagnosis of hyper- 
splemsm, and splenectomy was advised. Following splenectomy clinical and hematologic 
equilibrium was promptly re-established. This is 'an unquestionable example of secondary 
hypersplenism developing during the course of chronic lymphatic leucemia but unassociated 
with any generalized constitutional leucemic exacerbation. The remission continues with com- 
plete cliuical recovery and return to full occupation as of June 1 1947. 
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Fourteen patients with myelogenous leucemia have been treated with radio- 
active phosphorus (Table V). All were chronically ill from a clinical and 
hematologic point of view except one, a patient with an acute basophile granulo- 
cyte leucemia The criteria for dosage included not only the maintenance of a 
satisfactory total white blood count, but also of adequate erythrocyte and 
hemoglobin levels. These latter objectives were satisfactorily accomplished 
in most instances. 

Control of the splenomegaly in these patients proved to be much more diffi- 
cult than the lowering of the peripheral white cell count (Fig. 8). Frequently 
roentgen radiation over the spleen had to be invoked to relieve the symptoms 
referable to the mechanical discomfort occasioned by the massive enlargement 
of this organ. More intensive P 32 therapy was contraindicated because of periph- 
eral blood and bone marrow findings. 

In this limited series of eases of myelogenous leucemia, radioactive phos- 
phorus has not proved to be as effective a therapeutic agent on the whole as roent- 
gen radiation (Fig. 9). It is, however, a very useful therapeutic agent in those 
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l S' 3-year-old white girl. Diagnosis: Leucosarcoma. 

11 7 ™°* radioactive phosphorus over a four-day period there was a precipitous drop 

m the white blood count from a high of 966,000 per cubic millimeter to 5,000; with a marked 
regression of the generalized lymphadenopathy and splenomegaly This clinical and 
hematologic remission lasted only three weeks. The second course of P-ia therapy failed to 
have any clinical or hematologic effect. " 
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patients who develop an intolerance to roentgen radiation, with intractable and 
incapacitating constitutional reactions to even very small dosages, as was the 
case in three patients in this series. 

MONOCYTIC LEUCEMIA 

Eight of the nine patients with monocytic leucemia treated in this series 
were clinically acutely ill (Table VI). In the one chronieall} ill patient, mod- 



Fig. s.— A. w., 63- year-old white woman. Diagnosis: Chronic myelogenous leucemia. 

The myelogenous leucemia in tills patient responded initially to roentgen radiation with 
Prompt reduction in the splenomegaly; however, she experienced severe radiation sickness fol- 
lowing each treatment. A six-month trial of Fowler’s solution failed to accomplish sati-factory 
results within the tolerance of the patient for arsenic. Pn= was then instituted without any 
clinical reaction-. The peripheral hematologic picture was quickly and adequately con- 
roUed. The splenomegaly, which was the source of most of the subjective complaints con- 
tinued to progress and became chiefly responsible for the terminal intestinal obstruction. 
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crate clinical improvement followed the use of P 32 over a twenty-onc-month 
period. In only three instances was a temporary favorable effect induced in 
those acutely ill, lasting from two to four weeks (Pig. 10). 

HODGKIN 'S DISEASE 

Eleven of the sixteen patients with Hodgkin's syndrome treated with radio- 
active phosphorus in this clinic have been reported previously by Hoster and 
Doan. 12 In none of these was significant benefit from this form of therapy noted. 
There were several instances in which a dangerous depression in thrombocytes, 
erythrocytes, and leucocytes occurred incidental to the P 32 therapy. 

Coaparatlve therapy in 



Fig. 9. — Comparative effectiveness of (I) external roentgen irradiation, (II) internal 
radiation" with P 32 , and (HI) oral urethane chemotherapy in three patients with chronic 
myelogenous leucemia. Both spleen size and excessive circulating white blood cells were 
controlled most effectively by roentgen irradiation; the remission in this patient is con- 
tinuing after six months. P 32 reduced the elevated white count but had no effect on the 
snlenomegaly. Urethane produced a transient elinieal remission with a fall in the total circu- 
lating white cells and rapid decrease in size of the spleen. Upon discontinuing the daily 
urethane dosage there was an immediate rise in white count with concurrent re-enlargement 
of the spleen. 
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M1SCELLAXEOUS 

A small group of patients (four with multiple myeloma, five having malig- 
nancies with metastascs to bone, one with exfoliative dermatitis of undetermined 
etiology, and one with mycosis fungoides, Table VII) may be evaluated together. 
Iu the patients with malignancies involving bone, temporary relief from pain 
was obtained, lasting from two weeks to six months; however, no appreciable 
regression in the lesions could be recognized roentgenological ly or clinically. 

The cutaneous lesions, associated with a marked pruritus in one patient 
with exfoliative dermatitis, were significantly improved under P 32 therapy; how- 
ever, the bone marrow, which had been normal at the time therapy was started 
in this patient, reflected the depressant effect of the radioactivity and provided 
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the chief criterion ujion which the dosage tolerance was established. The pa- 
tient with mycosis fungoides was under observation for two months. The course 
was steadily downhill, and he expired without receiving any apparent benefit 
from therapy. 

Aside from the temporary relief of bone pain and pruritus, it is felt that 
the phosphorus radioactive isotope therapy had no significant effect on the course 
of the disease in any of these patients. 

CONCLUSIONS 

1. Radioactive phosphorus has been, in this clinic to date, of greatest value 
in controlling the clinical and hematologic manifestations of polycythemia rubra 
vera. 

2. P 3= is a valuable adjunct to other therapy in certain of the more chronic 
leucemic states, particularly in those patients intolerant of or resistant to roent- 
gen radiation. The splenomegaly in chronic myeloid lcucemia has frequently 
proved more resistant to P J - than to deep x-ray therapy. 

3. Although internal radiation therapy ma} r cause an occasional brief favor- 
able effect in the acute leucemias, all too frequently P 32 has appeared to accentu- 
ate the clinical acuteness of the leucemic process and has never proved per- 
manently beneficial in our hands. 

4. Radioactive phosphorus has failed effectively to control Hodgkin’s syn- 
drome in our clinic and may threaten the integrity of the marrow unless great 
care and discretion are observed in the dosages used. 

5. The deep bone pain which characterizes metastatic malignancies to bone 
may be relieved by P 32 . The evidence as to specific retardation of the lesions 
remains questionable. 

6. Pruritus secondary to leuceinia cutis, polycythemia rubra vera, and ex- 
foliative dermatitis has been effectively controlled by radioactive phosphorus 
therapy in selected instances. 

7. Our source of radioactive phosphorus until recently has been the Uni- 
versity of California (Berkeley) and Ohio State University cyclotrons. The 
supply of isotopes has been correspondingly limited. The recent decision to re- 
lease radioactive phosphorus, as well as other radioactive isotopes, from the 
uranium piles of the Manhattan Project for medical and biologic use will make 
this form of internal radiation much more readily available to clinical investi- 
gators. It must be emphasized that the efficacy of this therapy depends upon 
“selective” cell destruction. There is a wide variance in individual susceptibility 
and tissue response. Extreme care in administering internal radiation therapy 
is therefore essential. Dosage must be carefully adjusted to each patient’s needs 
and to his idiosyncrasies as determined individually. Our experience suggests 
small, well-spaced doses of radioactive phosphorus with frequent, careful, com- 
plete blood and bone marrow studies to insure the integrity of normal hemato- 
poiesis during this treatment of human diseases. 




'All therapy intravenous unless otherwise indicated. 
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Table III. Radioactive Phosphorus Therapy in Chronic Lymphatic Leucemia 
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We are indebted to Dr. John Lawrence, University of California, and to Dr. M. L, Pool, 
Ohio State University, for making available the radioactive phosphorus used in these studies. 
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FOLIC ACID IN THE MAINTENANCE OF PERNICIOUS ANEMIA 


Robert W. IIeixle, M.D., Janet T. Dingle, M.D., and 
Austin S. Weisberger, M.D. 

Cleveland, Ohio 

T HE first report on the effect of folic (pteroylglutamie) acid in the treat- 
ment of macrocytic anemia appeared in November, 1945. 1 Since then 
numerous reports describing the results obtained in the treatment of pernicious 
anemia, 2 macrocytic anemia of nutritional deficiency, 3 sprue, 4 macrocytic anemia 
of pregnancy, 2 and macrocytic anemia of infancy 5 have appeared. In general, 
folic acid has been found to cause a hematologic improvement similar to or 
identical with that of liver extracts when given to patients with macrocytic 
anemia in relapse, as judged by the response of the reticulocytes, erythrocytes, 
white cells, and platelets. In sprue, in addition, there is a rapid subsidence of 
diarrhea and a marked improvement in intestinal absorption. One author, how- 
ever, after study of a series of cases of pernicious anemia, 0 has concluded that 
folic acid does not produce as great a reticulocyte response or as complete return 
to normal of erythrocytes as occurs with liver extracts. Further, he concluded 
that a combination of liver extract and folic acid is more effective than either 
alone. These latter conclusions were based upon the observation that reticulocyte 
response to the combined therapy was greater than might have been expected 
in some of the cases and the increase in erythrocytes was somewhat more rapid 
than occurred with either alone. This study compared results obtained in dif- 
ferent patients, rather than in the same patient, using as the basis for compari- 
son successive periods of treatment with folic acid, with liver extract, and with 
a combination of the two. Because of the well-known variation of response in 
different patients, the validity of comparisons made in different individuals is 
doubtful, unless the number of comparisons made was sufficient to permit sta- 
tistical evaluation. 

Neurologic relapse has been observed during therapy with folic acid in 
patients with pernicious anemia, even when the blood was well maintained at 
normal levels and in the absence of macrocytosis. 6 ' 3 

The study reported here was undertaken to determine the effectiveness of 
synthetic folic acid (pteroylglutamie acid)* in maintenance therapy of perni- 
cious and allied macrocytic anemia, and an attempt has been made to compare 
such treatment with liver extract therapy. 


i. material and methods 

The study included 41 patients with proved macrocytic anemia. In 35, the results of 
folic acid therapy were compared with previous antipernieious anemia therapy with intra- 

Vrom the Departments of Medicine and Pharmacology, Western Reserve University 
School of Medicine, the Lakeside Hospital, and City Hospital. 

This report is part of a study of folic acid aided by a grant from the United States 
Public Health Service. 

Received for publication. May 16. 1917. 

♦■RViUe acid was supplied in the form of Foiyite by the Lederle Laboratories Division 
of the American Cyanamid Company, Pearl Paver, N. Y. 
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muscular injections of crude and purified liver extracts, oral liver-stomach therapy (Extralin, 
Lilly) and stomach therapy (Ventriculin, Parke, Davis & Co.). Folic acid therapy was 
given to 6 patients who were in severe hematologic relapse. 

The folic acid was administered parenterally to 25 patients and orally to 16. patients. 
The intramuscular route was used for all parenteral injections, except in one patient, who 
insisted upon intravenous administration. The parenteral dose was 50 mg. in 15 patients 
and 150 mg. in 9 patients. Intervals between injections of from two to six weeks were 
employed, although the usual interval was cither three or four weeks. The duration of this 
interval was determined, whenever possible, by the previous intervals between injections of 
liver extract. 

Wien given orally, folic acid was administered in daily doses of 10 to 40 mg.; the 
usual dose was either 30 or 20 milligrams. No patient in this series was treated with a daily 
oral dose of less than 10 milligrams. 

There were 22 women and 19 men in the series; of these, 33 were white and S were 
Negro. The age of the patients ranged from 37 to S2 years, the average age being 62.4 
years. Three patients developed macrocytic anemia following gastric resection and one 
patient had macrocytic anemia in association with syphilitic fibrosis of the stomach. The 
others were well-substantiated cases of addisonian pernicious anemia, as evidenced by the 
presence of macrocytic anemia, histamine-fast achlorhydria, response to liver extracts or 
stomach concentrate and, in some cases, the presence of combined system disease and megalo- 
blastic hyperplasia of the bone marrow. 

The incidence of degenerative diseases was high, as would be expected in a group of 
patients in this age range. In addition, 5 patients had syphilis and 2 had diabetes; 3 had 
had gastric resection, 2 for peptic ulcer and 1 for carcinoma of the stomach. 

Because of the errors inherent in the determination of the erythrocyte counts and 
because the determinations made before the institution of folic acid therapy were performed 
by different technicians, it was arbitrarily decided that differences in the erythrocyte count 
of less than 300,000 per cubic millimeter would not be considered significant. A reduction 
of 300,000 to 500,000 cells per cubic millimeter was considered a moderate decrease; that 
of 500,000 per cubic millimeter or more was considered a marked decrease. Conversely, an 
increase of 300,000 cells per cubic millimeter or more was considered evidence of improvement. 

In Tables I to IV the values for the erythrocyte count and hemoglobin level prior to 
folic acid therapy represent the average of many determinations over a long period of time. 
Values obtained at the end of the period of observation on folic acid therapy represent an 
average of at least three determinations. Hematocrit values were not regularly determined, 
either before or after the institution of folic acid therapy. The authors are cognizant of the 
fact that without hematocrit determinations definite conclusions concerning macrocytosis cannot 
be drawn. 

All the patients were carefully examined, before and during the course of therapy with 
folic acid, for changes in deep tendon reflexes, diminution of vibratory sensation, astereog- 
nosis, muscle coordination, and the presence of positive Babinski and Romberg signs. An 
attempt was made to evaluate the nutritional status, as judged by weight and evidence of 
vitamin deficiency (glossitis, cheilosis, stomatitis, gingivitis). The patients were carefully 
and repeatedly questioned regarding subjective changes in their state of well-being. 

H. RESULTS 

A. Hematologic Observations.— The patients were divided into two groups : 
(1) those studied six to twelve months and (2) those studied less than six 
months. 

The first group, consisting of 32 patients, was studied six to twelve months 
with an average of 10.7 months. Of these, 23 or 71.9 per cent, were maintained 
m a satisfactory- hematologic state. Eighteen of the 23 (Table I) showed no 



972 HIttNLK, DIN'dLK, AND WKJSBKKOKK 

Table I. Patients Treated With Folio Acid Who Showed No Significant Change in 

Erythrocyte Levels 


CASE 

At!H 

SEX 

CO LOU 

TIME 
ON 
b\ A. 
(MO.) 

DOSE 

or 

I’. A. 
(MG.) 

INTER- 

VAL 

RE- 

TWEEN 

POKES 

Koirrs 

AV. DLOOD 
VALUES FOB 

YEAR 

BEFORE F.A. 

AV, BLOOD 
VALLES 
ALTER F.A. 

CUANOE 

JLII.C. 

xl0« 

HJL 

(CM.) 

It.II.C. 

XlO* 

HI). 

(GM.) 

Ji.H.C. 

xlll# 

niL 

Group I — Treated for Six to Twelve Months 

1 

82 

XI 

\Y 

12 

150 

3 wk. 

r.v. 

3.60 

12.7 

3.41 

11.6 

-0.39 

-l.i 

O 

52 

F 

W 

12 

150 

3 wk. 

or. 

4.65 

13.6 

4.38 

13.1 

-0.27 

-0.5 

a 

07 

M 

W 

10 

150 

3 \vk. 

or. 

4.32 

13.9 

4.51 

13.6 

+0.19 

-0.3 

■i 

50 

F 

w 

11 

150 

4 \vk. 

or. 

4.51 

13.9 

4.39 

13,4 

-0.12 

-0.5 

5 

72 

F 

IV 

11 

150 

4 wk. 

or. 

4.38 

14.0 

4.12 

13.8 

-0.26 

-0.2 

0 

•IS 

F 

w 

11 

50 

2 wk. 

or. 

4.03 

12.5 

3.99 

12.3 

-0.40 

-0.2 

7 

53 

F 

IV 

11 

40 

3 wk. 

or. 

4.05 

13.9 

4.40 

13.8 

-0.25 

-0.1 

s 

03 

F 

IV 

11 

50 

3 wk. 

or. 

4.03 

13.4 

4.44 

13.6 

-0.38 

+0.2 

I) 

SI 

XI 

\v 

12 

50 

4 wk. 

i.xr. 

4.48 

13.4 

4.09 

13.4 

40.21 

0 

10 

57 

F 

IV 

12 

50 

4 wk. 

or. 

4.20 

33.9 

4.45 

13.S 

+0.25 

-0.1 

11 

50 

Xr 

w 

7 

50 

4 wk. 

i.xr. 

4.33 

14.9 

4.14 

33.9 

-0.19 

-1.0 

12 

67 

XI 

IV 

10 

20 

Duilv 

Oral 

4.25 

13.6 

4.31 

32.9 

+0.60 

-0.7 

ia 

04 

F 

XV 

12 

10 

Daily 

Oral 

4.09 

12.S 

3.97 

12.3 

-0.12 

-0.5 

14 

73 

11 

w 

12 

10 

Daily 

Oral 

4.43 

14.4 

4.20 

14.4 

-0.17 

0 

15 

57 

F 

xv 

12 

10 

Daily 

Oral 

4.44 

12.9 

4.73 

14.0 

+0.29 

-fi.I 

10 

05 

F 

IV 

7 

10 

Daily 

Oral 

4.56 

14.0 

4.S5 

14.7 

+0.29 

+0.7 

17 

78 

F 

IV 

7 

10 

Daily 

Oral 

4.52 

13.1 

4.45 

13.3 

-0.07 

+0.2 

IS 

74 

11 

IV 

0 

10 

Daily 

Oral 

4.48 

13. S 

4.51 

13.9 

+0.03 

+0.1 

Group II — Treated Less Than Six Months 

19 

59 

F 

IV 

3 

Ha 

4 wk. 

or. 

■1.55 

13.4 

4.54 

13.4 

EiXjU 

0 

wm 

40 

F 

c 

4 

10 

Daily 

Oral 

4.48 

12.5 

4.26 


mm 

-2.3 


significant change in erythrocyte count or in hemoglobin level, in comparison 
with previous findings obtained following therapy with liver extract; in three 
eases, improvement was manifested (Table III). One patient (Case 31, Table 
III) was not in good hematologic remission before institution of folic acid 
therapy. She was a 51-year-old white woman who was extremely sensitive to 
substances in liver extract and who had been maintained on nine to fifteen 
capsules daily of an oral liver-stomach preparation, Extralin B (Lilly), on 
which therapy normal blood values were not obtained. Another patient (Case 
32, Table III) had also been maintained on Extralin B, because of marked 
sensitivity to intramuscular injections of liver extract, and her erythrocyte 
count and hemoglobin level were well below normal when folic acid therapy was 
instituted. Two patients in this group were started on folic acid therapy when 
in relapse ; they had received no liver extract therapy for several months pi’ior 
to this time (Table IV). These patients showed satisfactory clinical and hema- 
tologic improvement. , 

In 2 of this group of 32 patients a moderate decrease in erythrocyte count 
occurred, while in 7 a mai'ked decrease developed, as already defined (Table II). 

The second group consisted of nine patients studied for one to five months 
(average, 3.3 months) . None of these showed any significant decrease in erythro- 
cyte count. Two showed no appreciable change (Table I) and 3 showed an 
increase in erythrocyte count, as compared with previous liver extract therapy 
(Table III). The other four were started on folic acid therapy when in re- 
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Table n. Patients Treated With Folic Acid AViio Showed Moderate (300,000 to o00,000 
Per Cubic Millimeter) or Marked (Over 500,000 Per Cubic Millimeter) 
Decrease in Erythrocyte Levels 


CASE 

AGE 

SEX 

CO LOU 

TIME 

ON 

F.A. 

(MO.) 

DOSE 

OK 

F.A. 

(MG.) 

INTER- 

VAL 

be- 

tween 

DOSES 

route 

AV. BLOOD 
VALUES EOR 
YEAR 

BEFORE F.A. 

AV. BLOOD 
VALUES 
AFTER F.A. 

CHANGE 

r.b.c. 

X10C 

11B. 

(CM.) 

R.B.C. 

xlOo 

HB. 

(GM.) 

R.B.C. 

•xlO'i 

HD. 

(*KO) 





Group I — Treated for Six to 

Twelve Months 




Moderate Decrease in Erythrocyte Count ($00,000 to 500,000 Per Cubic Millimeter/ 

21 

51 

P 

c 

11 

150 

1 wk. 

I.M. 

4.53 

14.0 

4.11 

13.4 

-0.42 

-0.6 

22 

5S 

M 

c 

11 

50 

-1 wk. 

I.M. 

4.10 

12.9 

3.S5 

12.7 

-0.34 

-0.2 





Group I — Treated for Six to 

Twelve Months 





Harked Decrease in Erythrocyte Count (Over 500,000 Ter Cubic Millimeter) 


23 

59 

M 

w 

11 

150 

4 wk. 

I.M. 

3.76 

13.4 

2.55 

9.S 

-1.21 

-3.0 

21 

75 

M 

w 

12 

150 

6 wk. 

I.M. 

4.15 

13.9 

3.56 

12.5 


-1.4 

25 

■ul 

F 

w 

9 

150 

6 wk. 

I.M. 

4.43 

13.S 

3.75 

12.8 



26 

61 

F 

w 

12 

50 

3 wk. 

I.M. 

4.73 

13.S 

O 1 o 

o.-iu 

10.S 

-1.30 


27 

Mil 

F 

w 

12 

50 

3 wk. 

I.M. 

4.19 

13.4 

3.4S 

12.2 

BIWI 

-1.2 

28 

37 

M 

c 

12 

50 

4 wk. 

I.M. 

4.34 

14.2 

3.30 

13.6 

-0.95 


29 

57 

M 

c 

S 

50 

4 wk. 

I.M. 

4.79 

13.3 

4.11 

11.3 

-0.6S 

-2.0 


Table m. Patients Treated With Polio Acid Who Showed an Improvement in 
Erythrooyte Levels (Mof.e Than 300,000 Per Cubic Millimeter) 






TIME 
ON l 

! 

DOSE 

OF 

! INTER- 
VAL 

BE- 

| 

1 AV. BLOOD 
VALUES FOR ' 
YEAR 

BEFORE F.A. 

1 

AV. BLOOD ' 
VALUES | 
AFTER F.A. 

CHANGE 

CASE 

AGE 

SEX 

COLOR 

F.A. 1 
(MO.) 

F.A. 1 
(MG.) 

TWEEN 1 
DOSES 

ROUTE 

R.B.C. 

*10* 

HB. | 

I (gm.) 

R.B.C. 1 

Xl06 

HB. 

(GM.) 




Group I — Treated for Six to Twelve Months 


30 

76 

F 

W 

11 

50 

4 wk. 

I.M. 

4.76 

14.9 

5.07 

15.1 

+0.31 

+0.2 

31 

51 

F 

W 

12 

10 

Daily 

Oral 

3.71 

12.2 

4.04 

12.7 

+0.33 

tO.0 






to 














40 









32 

77 

F 

W 

0 

20 

Daily 

Oral 

3.04 

10.6 

4.16 

11.4 

+1.12 

+0.8 





Group 11 — 

Treated for Less Than Six Months 




53 

69 

F 

w 

5 

50 

2 wk. 

IM. 

4.4S 

13.6 

4.92 

13.4 

+0.44 

-0.2 

34 

7G 

F 

w 

i 

45 

2 wk. 

I.M. 

4.15 

12.S 

4.59 

13.1 

+0.44 

+0.3 

35 

7S 

M 

w 

o 

o 

20 

Daily 

Oral 

4.15 

12.9 

4.71 

12.S 

-0.56 

-O.l 


lapse without having had recent previous liver extract therapy (Table IY). A 
satisfactory hematologic remission ensued in every case. One patient ( Case 40, 
Table IV), at the beginning- of treatment, had an erythrocyte count of 340,000 
per cubic millimeter; hemoglobin, 1.4 Gm. per 100 ml. of blood; leucocyte 
count, 1,200 per cubic millimeter; hematocrit, 4.0; mean corpuscular volume, 
117.5 cubic microns; mean corpuscular hemoglobin, 41.2 micromicrograms; 
moan corpuscular hemoglobin concentration, 35 per cent. These values are 
the average of determination done in triplicate. In our experience they repre- 
sent the most severe anemia ever seeu in pernicious anemia from which the 
patient recovered. 

It should be noted that in the entire series of 41 patients, only 9 had a 
significant decrease in the erythrocyte count as compared with previous liver 
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Table IV, Patients Treated With Folic Acid From Relapse 






TIME 

ON 

DOSE 

OF 

INTER- 

VAL 

BE- 


BLOOD AT | 
START OF 
F.A. 

THERAPY 

AV. BLOOD 
VALUES 
AFTER F.A. 

CHANGE 

CASE 

AGE 1 

SEX 1 

color! 

F.A. 

(MO.) 

F.A. 

(MG.) 

TWEEN 

DOSES 

ROUTE 

R.B.C. 

Xl0<> 

IIB. 

(CM.) 

R.B.C. 

Xl0« 

JIB. 

(GM.) 

R.B.C. 

Xl0« 

lin. 

(GM.) 


Group I — Treated for Six to Twelve Months 


30 

47 

F 

C 

11 

■3Q 

Daily 

Oral 

■Ml 

3.9 

3.90 




37 

70 

F 

W 

11 

20 

Daily 

Oral 

3.10 

11.9 

1.24 



+1.7 





Group II — 

■Treated for Less Than Six Months 




3S 

52 

M 

c 

5 


4 wk. 

I.M. 

■MI 

3.4 

4.5S 

13.0 

+3.50 

+10.2 

39 

49 

F 

w 

5 

30 

to 

Daily 

Oral 

2.42 

11.1 

4.75 

13.9 

+2.33 

+2.5 

40 

45 

M 

c 

4 

40 

10 

Daily 

Oral 

0.34 

1.1 

4.S1 

11.5 

+4.47 

+10.1 

41 

os 


w 

2 

10 

Daily 

Oral 

1.80 

5.(i 

5.09 

15.0 

•13.29 

+ 10.0 


extract therapy (Table II). But, in all these cases, injections were at intervals 
of three to six weeks; in 5 patients the individual dose was 50 mg., while in 
the other 4 the dose given was 150 milligrams. The size of the individual dose 
was not correlated with the severity of the relapse in this group. None of the 
patients receiving oral therapy had hematologic relapse. 

On the other hand, 6 patients of the entire series of 41 showed definite im- 
provement in erythrocyte values as compared with previous liver extract therapy 
(Table III). Of these, 3 were receiving daily oral medication, 2 were receiving 
either 45 or 50 mg. at intervals of two weeks, and only 1 was given 50 mg. at 
intervals greater than two weeks. It should be noted that with the exception 
of the last patient, those showing improvement were either on daily oral therapy 
or were receiving intramuscular injection at intervals of two weeks, the shortest 
period used in this study. 

Of the 6 patients showing improvement, 2 (Cases 31 and 32, Table III) 
had blood levels definitely below normal values at the time of institution of 
folic acid therapy, while 2 others (Cases 34 and 35, Table III) had blood levels 
suggestively lower than normal. The improvement obtained with folic acid 
therapy, therefore, probably indicates that the patients had not been receiving 
enough liver extracts previously or, as in the case of the patients ( Cases 31 and 
32), who had been on oral liver extract therapy, were not absorbing the liver 
extract efficiently enough to maintain normal blood levels. 

Of the patients showing hematologic relapse, one case is of particular inter- 
est. He was a 59-year-old Italian who had a diagnosis of pernicious anemia 
established many years before and who had been treated regularly with intra- 
muscular liver extract injections. Recent liver extract therapy had not main- 
tained the blood at normal levels, possibly because of insufficient dosage at in- 
sufficiently frequent intervals. When transferred to parenteral folic acid therapy 
(150 mg. at four-week intervals) there was a further marked drop in erythro- 
cytes and hemoglobin, although the patient stated that he felt well (Fig. 1). 
He was admitted to the hospital for study, and a reticulocyte count made on 
the fifth day after the last dose of folic acid revealed a value of 13 per cent 
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(Pig. 1). Without further treatment the reticulocytosis subsided and there 
was an increase in red count and hemoglobin. At the end of four weeks, how- 
ever, the erythrocytes and hemoglobin had again decreased. The rapidity of 
decrease in the erythrocyte count suggested the presence of a hemolytic proc- 
ess. Determinations of icterus index, serum bilirubin, van den Bergh, and 
quantitative urine urobilinogen did not support this idea, however. Studies of 
fecal urobilinogen were not made. It seems likely that each injection of folic 



acid in this patient caused a characteristic reticulocyte response with increase 
m erythrocytes and hemoglobin, but this response had ended and the patient 
had relapsed a little further by the end of each four-week interval. Thus, 
the course was probably one of alternate responses and relapses, with each 
relapse carrying the blood values a little lower than before. Such a finding is 
not surprising in view of our knowledge of folic acid excretion. Steinkamp and 
co-workers 9 have shown that a large part of administered folic acid is excreted 
m a relatively short time. Welch and Heinle 10 have been able to demonstrate 
little, if any, ‘'storage” of folic acid from study of urinary excretion. 
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When the patient was placed on oral therapy with i’olic acid, 10 mg. daily 
(Pig. 1), there was an improvement in the erythrocyte count to a level main- 
tained when the patient was receiving liver extract. Folic acid, however, like 
the previous liver extract therapy, was unable to produce a normal erythrocyte 
count in this patient. Bone marrow studies, including fixed sections of par- 
ticles obtained by sternal aspiration, did not reveal an unusual amount of fat 
in the marrow. 



Mgm. Q.D. 

DAYS 

Fig-. 2. — Patient L. P. 100% hemoglobin=15.G Gm. per 100 milliliter. ATantft.=xanthopterin. 

Lederle solution ot liver extract, 15 units per milliliter. B.T.=Blood transfusion. 

Outright failure of response to folic acid has not been reported. One pa- 
tient observed by us showed very little response to doses of folic acid which 
have provided a good, if not theoretically maximal, response in all our other 
patients. This patient was a 46-year-old colored woman with a macrocytic 
anemia, histamine-fast achlorhydria, and megaloblastic hyperplasia of the bone 
marrow. During a period of ten days (Pig. 2) she was given daily intramus- 
cular injections of 1 mg. of folic acid with a delayed and very small reticulocyte 
response ( 1 , Pig'. 2). During a second period of eleven days the daily intra- 
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muscular dose of folie acid was increased to 6 nig. with a second, delated, \ei\ 
small reticulocyte response {2, Fig. 2). During a third period of twelve days, 
the daily intramuscular dose of folic acid was increased to 12 nig. with another 
very small reticulocyte response (3, Fig. 2). During a fourth period of thirteen 
days the daily intramuscular injections of 12 mg. of folic acid were continued 
with the addition of daily oral doses of 36 mg. of xanthopterin. A fourth small 
reticulocyte response (4, Fig. 2) followed. During this entire period of forty- 
six days there was only a very slight increase in erythrocytes and hemoglobin. 
She was then given daily intramuscular injections of 15 units of purified liver 
extract (Lederle, 15 units per milliliter), and on the fifth day after the start 
of this therapy a theoretically maximal reticulocyte response occurred (5, 
Fig. 2) and there was a rapid increase in erythrocytes and hemoglobin. The 
folic aeid used in treating this patient was assayed with Lactobacillus casei and 
found to be as potent as labeled. Unfortunately, it was not possible to carry 
out studies of urinary excretion in this patient. 

The reason for failure of response to a dose of folic acid sufficient to pro- 
duce a good response in all of our other patients is not clear nor is there an 
obvious explanation for the prompt response to liver extract after failure of 
folie aeid. We have not encountered any other such patients to date, but a 
similar failure in two patients of Shukers has been referred to by Darby. 11 
, The patient was continued on liver extract therapy for ten months, at the 
end of which time the erythrocyte count was 4,510,000 per cubic millimeter and 
the hemoglobin level was 12.6 Gm. per 100 milliliters. At that time she was 
transferred to folic acid therapy and given daily oral doses of 10 milligrams. 
During a period of five months on folie acid therapy there has been no significant 
change in blood values, body weight, or symptoms. 

B. General Clinical Observations . — The majority of the patients noted no 
difference in subjective sense of well-being. The few who did not feel as well 
were among those receiving intermittent intramuscular injections with decrease 
in blood values. These patients observed that they felt well for a short time 
after each injection of folic acid but that the effect did not last as long as with 
liver extract injections. There were a few' patients, particularly those receiving 
oral medication, who claimed subjective improvement, especially an increase 
m appetite, after institution of folic acid therapy. No evidence of associated 
vitamin deficiencies was observed in any of these patients. Body weight was 
maintained in all eases except in those who showed obvious hematologic relapse. 

C. Neurologic Status of Patients . — Neurologic relapse occurred in three of 
these forty-one patients. The most striking of these has been reported in detail 
m a previous publication. 7 The patient, who had addisonian pernicious anemia, 
was seen in relapse (Case 41, Table IV). Folic aeid therapy was begun in 
daily oral dosage of 10 milligrams. This was followed by a reticulocyte response 
of 40 per cent (calculated theoretic maximum, 22.3 per cent). There was an 
excellent rise in erythrocytes and hemoglobin, with complete disappearance of 
maerocytosis. Eighty-three days after beginning treatment there was a sudden 
and rapidly progressive onset of paresthesias with rapid loss of deep reflexes 
and vibratory sensation. At the time of onset of the neurologic relapse the 



97S 


IIHINLK, DINOr.K, AND WKISitKKGKK 


blood findings were : erythrocytes, 5,090,000 per cubic millimeter; hemoglobin, 
15.9 6m. per 100 ml.; hematocrit, 4S; mean corpuscular volume, 94.5 cubic 
microns. Vigorous liver extract therapy for twenty-seven days was necessary 
to produce the first evidence of arrest of the neurologic lesions. Since then the 
patient has made gradual and steady improvement until there is only a small 
amount of residual numbness of the fingers and toes. Deep rellexes are still 
absent and vibratory sensation has not improved. This is in keeping with the 
concept that degenerative lesions in the spinal cord arc not reversible, 12 whereas 
paresthesias and peripheral neuritis arc responsive to therapy. 

This patient ate an inadequate diet throughout. At the time of institution 
of therapy he had only four teeth and this, combined with the naturally poor 
appetite seen in patients with untreated pernicious anemia, reduced his food 
intake. Shortly after remission was induced with folic acid he had the four 
remaining teeth extracted and the resulting sore mouth and complete absence of 
teeth limited his food intake to liquids for about three weeks. It should be 
emphasized that after hematologic remission was induced with folic acid the 
patient had a desire to eat but was restricted from doing so by the absence of 
teeth. 

Another patient (Case 31, Table III) was a 51-year-old white woman with 
addisonian pernicious anemia who had developed severe sensitivity to substances 
in liver extract. After an unsuccessful trial of desensitization, she was placed 
on oral therapy with Extralin B (Lilly), 9 to 15 capsules daily. This dosage 
did not maintain the blood at satisfactory levels, and liver extract sensitivity was 
manifested by a continuous mild skin eruption. She was placed on oral folic 
acid therapy of 40 mg. daily, reduced gradually to 10 mg. daily. There was a 
marked improvement in the blood with an associated improvement in sense of 
well-being. The skin eruption completely disappeared. After a yeai’, however, 
she developed soreness of the tongue and month, without objective changes, and 
increasing numbness of the feet and hands, the latter especially noticeable since 
the patient was a seamstress. Therapy with Extralin B was reinstituted at the 
rate of 6 capsules daily, and folic acid, 40 mg. daily, was given simultaneously. 
Over a period of weeks the soreness of the mouth disappeared and the numbness 
of the extremities improved. The skin eruption promptly returned. The patient 
also probably had inadequate food intake. Iler appetite was never robust. 
She was an extremely “nervous” individual and when emotionally disturbed, 
which was frequently, she responded with nausea and vomiting so that she 
would eat little or nothing for two or three days at a time. Repeated x-ray 
examinations failed to reveal any organic disease of the gastrointestinal tract. 

The third patient showing neurologic relapse was a 77-year-old white woman 
who had been maintained on weekly or biweekly injections of liver extract for 
many years with satisfactory blood values (Case 34, Table III). This patient 
also had a poor appetite, with considerable “indigestion,” so that she volun- 
tarily limited food intake with respect to both quantity and quality. She was 
changed to folic acid therapy, 45 mg. intramuscularly every two weeks. After 
only one month she developed slight but definite increase in numbness of the 
hands, soreness of the tongue, weight loss, and further decrease in appetite and 
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increase in “indigestion.” Slic was again placed on intramuscular liver cxtiact 
therapy (purified liver extract, 15 units per milliliter, Lilly) at weekly inter- 
vals and was given a hydrochloric acid-yielding tablet (Acidulin, Lilly) with 
meals. In a period of days the soreness of the tongue and numbness of the 
extremities improved and eventually disappeared. Iler appetite increased to 
a degree which astonished her family and she became free of indigestion. Some 
credit for this improvement, at least as concerns the indigestion, should probably 
be given to the hydrochloric acid since she is in a better state now than ivhen 
on liver extract therapy previously, without acid. 

All three of the patients who developed evidence of neurologic relapse prob- 
ably ate inadequately. Whether this contributed to the relapse cannot be 
stated, but it is not unlikely that inadequate diets may contain an insufficient 
amount of some substance, other than folic acid, which is able to prevent the 


onset of neurologic relapse. 

D. Patients Sensitive to Liver Extracts . — Folic acid was given to two pa- 
tients who, because of sensitivity to liver extract, had been maintained on oral 
medication with liver-stomach (Extralin, Lilly). One of these patients (Case 
31) was referred to previously. The other (Case 32), a 77-year-old white 
woman with addisonian pernicious anemia, also had marked sensitivity to in- 
jections of liver extract and was subject to severe bronchial asthma. She had 
been taking Extralin (Lilly), 9 capsules daily, for several years. On this 
therapy the erythrocyte and hemoglobin levels (Table III) were not optimal. 
After institution of folic acid therapy there was considerable rise in the blood 
values. The patient experienced no subjective improvement, however. 

Attempts at desensitization of these two patients were made without suc- 
cess. It has been our experience in general that liver extract sensitivity is 
apparently an organ sensitivity rather than a species sensitivity, as has been 
suggested. 13 It is also not uncommon, in our experience, to find that oral 
therapy with liver or stomach preparations may fail to maintain adequate blood 
levels. As demonstrated by the two patients cited, folic acid may well prove 
to be a valuable form of therapy in such liver extract-sensitive patients. How- 
ever, in the presence of neurologic manifestations, additional oral liver therapy 
would be indicated. 


m. DISCUSSION 

Discussion has begun to appear concerning the relative ability of folic acid 
and liver extract to produce and maintain hematologic remission. One author, 
previously cited, 0 believed that his data indicated that folic acid, unlike liver 
extract, rarely produced a maximal response in reticulocyte and erythrocyte 
levels, although he believed a combination of folic acid and liver extract was 
probably superior to liver extract alone. Another publication, 14 in which the 
effects of liver extract and folic acid were compared, suggested that the re- 
sponse to folic acid may have been somewhat slower than with liver extract but 
eventually as good ; These authors believed, however, that some patients main- 
tamed on folic acid required increasing doses as time elapsed. 

In the series of cases studied here, there was no indication that folic acid 
was unable to produce a maximal reticulocyte response when given in doses of 
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10 mg. or more daily to patients in relapse, with the one exception cited pre- 
viously. One patient in particular (Case 41), who later showed neurologic 
relapse, had a reticulocyte response of 40 per cent when the expected theoretic 
maximal as calculated for liver extract was 22.3 per cent. This response was 
followed by an excellent increase in red count and hemoglobin to high normal 
levels and by disappearance of maerocytosis in a period of sixty-one days. 

Similarly, during the period of observation of this group of cases, folic 
acid showed no inability to maintain the erythrocyte count at high levels when 
given in sufficient amount. “Sufficient amount” is dictated more by interval 
than by size of dose. Intermittent medication at intervals of longer than two 
weeks did not consistently prevent hematologic relapse in these patients. Daily 
oral administration of 10 mg. was effective in preventing hematologic relapse 
during the period of observation, which indicates that this method of treatment 
is the one of choice 

No toxic or allergic manifestations to folic acid have been observed to date 
except after rapid intravenous administration of large amounts (150 mg. m 
7.5 ml. of solution). Several patients so treated responded with vertigo, syn- 
cope, and marked drop in blood pressure. Recovery was always complete within 
two or three minutes, except for a headache, which persisted up to twenty-four 
hours. Since intravenous medication has no advantage over oral or intra- 
muscular use and since it has the possible disadvantage of even more rapid 
urinary excretion, there is no indication for intravenous administration. 
Whether these reactions were due to high concentration of folic acid in the 
blood or to impurities present in the solution was not determined. 

IV. CONCLUSIONS 

1. Forty-one patients with pernicious or allied macrocytic anemia were 
treated with folic acid for periods up to one year. 

2. Of these, twenty-six showed no hematologic relapse, nine had a decrease 
in erythrocyte count, and six showed an improvement when the results were 
compared with those obtained during previous therapy with liver extract. 

3. All nine who developed hematologic relapse were given intermittent 
intramuscular injection of either 50 or 150 mg. of folic acid at intervals of 
three or more weeks. 

4. Of the six showing hematologic improvement, as compared with pre- 
vious liver extract therapy, three were given daily oral therapy, two were given 
intramuscular injections at intervals of two weeks, and only one was given 
intramuscular therapy at an interval longer than two weeks. 

5. Intermittent intramuscular therapy with folic acid at intervals greater 
than two weeks cannot be relied upon to maintain hematologic remission with 
individual doses as great as 150 mg. Daily oral medication of 10 mg. did not 
allow hematologic relapse in any patient observed. 

6. Six patients given folic acid while in hematologic relapse had a satis- 
factory reticulocyte response and increase in erythrocytes and hemoglobin. 

7. One patient was encountered who showed very minimal hematologic 
response when given daily intramuscular injections of 12 mg. of folic acid. 
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A prompt and theoretically maximal response ensued when liver extract therapy 
was instituted. 

8. Three of the forty-one patients developed neurologic relapse when the 
erythrocytes and hemoglobin were at normal levels on folic acid therapy. These 
patients responded to liver extract therapy. 

9. In spite of its inability to prevent neurologic relapse, folic acid has a 
place in the therapy of macrocytic anemia, particularly in those patients who 
are sensitive to extracts of liver. In such instances, its combination with oral 
liver extract preparations might be desirable. 

10. Toxic or allergic manifestations to folic acid have not been observed ex- 
cept for mild nitritoid reactions following rapid intravenous administration. 

11. Because of neurologic relapses occurring in patients treated with folic 
acid, this drug cannot be considered a complete substitute for liver extract, and 
liver extract, or liver extract combined with folic acid, must remain the treat- 
ment of choice for pernicious anemia. 
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PERITONEAL IRRIGATION IN THE TREATMENT OP RENAL 
FAILURE DUE TO TRANSFUSION REACTION 


II. Rocke Robertson', M.D., and P. S. Rutiiereohd, M.D. 
Vancouver, B. C. 

T HE recent report of successful peritoneal irrigation in a patient suffering 
from renal failure following the administration of sulfathiazole 1 prompted 
us to use a similar method in the treatment of a man who developed severe 
renal damage following a transfusion reaction. During the course of peritoneal 
irrigation, the patient developed generalized edema. Death occurred on the 
eighth day following transfusion. Because the Tyrode’s solution used for irri- 
gation contained a higher concentration of sodium chloride than did plasma, 
it seems possible that the generalized edema was due to salt retention from the 
irrigating fluid. Because of the appearance of edema during the course of 
therapy, this patient is of particular interest. 

case report 

The patient was a white man, 29 years of age, with tuberculosis of the eighth and 
ninth thoracic vertebrae and a large paravertebral abscess. He was afebrile and the general 
condition was good. An intravenous pyclogrnm and repeated urinalyses were normal. 

On May 21, 19-10, spinal fusion was performed, and during operation a blood trans- 
fusion of 500 nd. was given. Cyanosis, unrelieved by oxygen administration, was observed 
by the anesthetist during and after the transfusion. The total urine output for the following 
day3 is shown in Table I. 

The oliguria was first noted twenty hours after tiansfusion and 2,000 ml. of a per cent 
glucose in distilled water and 1,000 ml. of % M sodium R lactate were given intravenously. 
A specimen of venous blood showed no gross evidence of hemolysis and the icterus index 
was 20. On the supposition that the renal suppression might be letlex in origin, efforts 
were made to stimulate renal excretion by the intravenous administration of 100 ml. of 
25 per cent glucose and 40 ml. of aminophyllin (4.0 Gnu). A high spinal anesthetic and con- 
tinuous gastric suction were also used. Two days after transfusion the incompatibility of the 
transfused blood was established. The donor was found to be Group A and the recipient 
Group O. The patient’s blood nonprotein nitrogen gradually became elevated (Fig. 1, 
Section B) and attained a level of 120 mg. per 100 ml. on May 25 (four days after trans- 
fusion). The patient was drowsy, restless, and irritable and the abdomen was distended. 
Peritoneal irrigation with Tyrode’s solution was instituted at 3:00 r.M. on May 25. The 
following formula was used: 



MG. % 

NaCl 

800 

KC1 

20 

CaCl, 

20 

MgCi, 

10 

NaH 3 P0 4 

5 

Glucose 

100 

NaHCO., 

100 


All the ingredients except the sodium bicarbonate were dissolved and -autoclaved in 
2-liter bottles. The sodium bicarbonate was dissolved and autoclaved separately. The fluid 

Received for publication, Dec. 20, 1940. 
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SECTION B. H.P.N. in Mg. per 100 c.c. cf Blood and 



Fie. 1. 
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Table I 


DATE 

TOTAL UKINE VOLUME (.ML) 


UltlNALYSlS 

5/22/40 

30 



5/23/46 

00 

Aik.; 

alb., 3 R.B.O., 2t; W.B.C., 3+ 

5/24/40 

00 

Aik.; 

alb. 2+; R.B.C., 1+; W.B.C., 1+ 

5/25/40 

00 

Alb.; 

alb., 21-; H.B.C., 1+; W.B.C., 1+ 

5/26/46 

55 



5/27/40 

Nil 



5/23/46 

30 



5/29/46 

Nil 




was wanned in a water bath at 3S a C. before being used, at which time the sodium bicar- 
bonate was added together with the fallowing: heparin, 5 mg. per liter; penicillin, 7,500 
units per liter; and streptomycin,* 10,000 units per liter. The fluid was admitted to the 
peritoneal cavity through a mushroom catheter to tho left of and above the umbilicus and 
removed by an abdomiutU sump suction apparatus directed into tho pelvis through an in- 
cision in the right lower quadrant. Continuous suction was maintained by a Stedman pump 
and the suction device was adequate to keep up with any given rato of intake. Tho greatest 
rate of flow was 2 liters per hour, the average rate being 1 liter per hour (Fig. 1, Section C). 
The outeoming fluid was slightly yellowish- green in color and definitely turbid. Peritonitis 
was guarded against by sterile technique, penicillin dressings around tho poritoneal tubes, 
intramuscular penicillin, and penicillin and streptomycin In tho irrigating fluid. Tho outlet 
fluid was sterile at all times, and at autopsy thoro was no evidence of wound infection or 
peritonitis. Tho irrigation was maintained continuously except for a lapse of a few minutes 
on May 27 and for a period of threo hours on May 2S. 

On the morning following tho commencement of tho irrigation tho patient showed con- 
siderable subjective improvement. Slight subcutaneous edema of the buttocks and ankles 
was noted at this time, but the chest was apparently clear. Prom this timo on, tho picture 
was one of slowly progressive generalized edema. Moist rales were heard at tho bases of 
both lungs and on May 27 the patient became dyspneic. On this dato a venesection with 
removal of 500 ml. of blood was performed and 150 ml. of twice concentrated plasma were 
given without apparent effect. Tho edema progressed and tho patient died on May 29, 
seven days after the administration of the incompatible blood and four days after the in- 
stitution of peritoneal irrigation. 

In addition to tho treatment described, the patient received vitamin O and vitamin B 
complex. Continuous oxygen by B L B mask wa3 given from May 27, and frothy tracheal 
fluid was repeatedly aspirated. Intravenous fluids were administered as shown in Table H. 

During the course of observation the gastric contents were removed through a Levine 
tube, but this was tolerated only about one-half of the time. While tho tube was out the 


Table II 


DATE 

FLUID 

amount 

(ML.) 


5% glucose in distilled water 



% M sodium B lactate 

1,000 

5/23/46 

5% glucose in distilled water 

1,500 


25% glucose in distilled water 

100 

5/24/46 

10% glucose in distilled water 

500 

5/25/46 

10% glucose in distilled water 

500 


10% glucose in normal saline 

500 

5/26/46 

Plasma 

500 


10% glucose in distilled water 

150 


Twice concentrated plasma 

150 

5/28/40 

Nil 


5/29/4G 

Nil 



streptomycin was supplied through the courtesy of Dr. L. E. Ranta, Western Divi- 
sion of Connaught Laboratories, Vancouver, B. C. 
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patient drank small quantities of fluid and vomited intermittently. The blood carbon dioxide 
combining power of the patient varied between -10 and GG volumes per cent during the 
period of observation. 

Autopsy Findings .* — Autopsy revealed the following’. (1) acute nephrosis (transfusion 
kidneys), (2) pulmonary edema (marked), (3) generalized edema, (-1) cardiac dilatation, 
(5) miliary tuberculosis of lungs, liver, and spleen, (6) vertebral tuberculosis and para- 
vertebral abscess, (7) operation (spinal fusion). 

The cause of death was pulmonary edema. The abdominal cavity contained about 100 
ml. of thin yellowish fluid. There were no fibrinous adhesions over the intestines and the 
peritoneal surfaces were smooth and glistening. The two abdominal stab wounds were clean 
and in no place was there evidence of pressure on the viscera by the drainage tubes. The 
liver weighed 2,200 grams and was large and dark red in color. Its cut surface showed 
normal architecture. The spleen weighed 450 grams and had old fibrous adhesions at its 
upper pole. The right kidney weighed 2S0 grams and the left, 260 grams. They were 
large but not tense. The cut surfaces revealed pale yellowish-pink cortices measuring 0.6 
to 0.7 cm. in thickness. The pyramids were a deeper pink. No petechial hemorrhages were 
present. The renal pelves were of normal size and their lining membranes were pale. 

The most striking microscopic change in. the kidneys was dilatation of all convoluted 
and straight tubules, with flattening of their epithelium, and the presence of pink-staining 
fibrillar material in their luniina. Some tubules contained solid, brownisli-red amorphous 
material in this situation. The interstitial tissue in scattered regions was a little loose and 
edematous and in a few scattered places there was some infiltration with lymphocytes. There 
was no evidence of renal tuberculosis. 


COMMENT 

That the irrigation was effective in reducing the blood nonprotein nitro- 
gen is suggested by the large amount of nonprotein nitrogen removed in the 
drainage fluid (Fig. 1, Section B) which, on May 29, reached a level, in a 
twelve-hour aliquot specimen, of 110 mg. per 100 ml., and by the decline in 
blood nonprotein nitrogen following the institution of the irrigation. The blood 
nonprotein nitrogen reached its lowest level following a period of irrigation at 
a rate of 2 liters per hour, only to rise again during the time when the irrigation 
was slowed or temporarily stopped (compare Section B and C in Fig. 1). It 
seems reasonable to assume that during this four-day period the nonprotein 
nitrogen would otherwise have risen steadily. 

The outstanding feature of the case was the progressive edema and there 
seems to be no doubt that this was the main factor, in causing death. In con- 
sidering the cause of the edema the following points are important. 

Fluid Intake . — The intravenous fluid intake was not excessive (Table II). 
During eight days of observation the patient received only 6,900 ml., an average 
of only S60 ml. daily. The oral intake could not be measured accurately enough 
for record purposes. The patient frequently drank small quantities of water, 
but also vomited frequently and had a stomach tube (with suction) in place a 
considerable part of the time. It seems likely that any excess of oral intake 
over oral output was very small indeed and it may be that the balance was 
negative. 

Fluid Loss . — The respiratory rate was consistently above normal (Fm. I, 
Section E) and the patient perspired profusely, causing considerable fluid loss! 

•Autopsy performed by Dr. H. K. Fidler, Shaugbnessy Hospital, Vancouver. B. c 
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The urine output was only 295 ml. in night days. During this period one enema 
was given, with good return, and there were three spontaneous and involuntary 
bowel movements. There was no diarrhea and the stool appeared normal. 

Protein Balance . — Protein loss was considerable (Table III) but the efleot 
on the plasma protein was not great. 


Table III 


DATE 

PKOTEIN CONTENT OF 
OUTFLOW FLUID 
(GM. FEE 

400 ML.) 

plasma ritOTEiN 
(gm. pee 

100 ML.) 


5/25/40 

0.3S 

0.2 


5/20/40 

0.10 

5.12 


5/27/40 


5.4 



Chloride Balance . — On one occasion the patient was given 4.5 Gin. sodium 
chloride in the form of normal saline. The oral intake was negligible. In spite 
of this the blood chlorides (expressed as NaCl) showed a progressive rise from 
520 to 690 mg. per 100 ml. (Fig. 1, Section A). 

In reviewing the foregoing data, it would appear that the edema was not 
the result of too great a fluid or chloride intake by the intravenous or oral 
routes. Another possible source of edema-producing fluid was that which flowed 
through the peritoneal cavity. Its electrolyte content was considerably higher 
than that of normal blood plasma, and it seems likely that while the nonprotein 
nitrogenous substances were passing in one direction, electrolytes accompanied 
by water were passing in the opposite direction and producing hydremia and 
hyperchloremia. 

IVe can find no other explanation for the rising blood chlorides. In the 
case reported by Frank, Seligman, and Fine 1 the blood chloride remained high 
(660 mg. per 100 ml.) and it is noteworthy that pulmonary edema developed in 
their patient on the third day of irrigation. It may be that if the kidneys had 
not started to function on the following day, the edema might have progressed. 
This raises the question as to whether or not Tyrode's solution is ideal. 

The normal range of serum chloride (expressed as sodium chloride) is be- 
tween 570 and 620 mg. per 100 milliliters. The Tyrode’s solution used in 
irrigation contained 800 mg. of sodium chloride per 100 milliliter. Since sodium 
chloride forms a erystalloidal solution, it would pass readily through the peri- 
toneal membrane until the concentration in the scrum approximated the concen- 
tration in the peritoneal irrigating fluid. 

The assumption that the increased chloride was responsible for the tissue 
edema is supported by the following passage from Stitt and co-workers : 2 "One 
of the major functions of sodium chloride is to maintain the normal osmotic 
pressure in the body fluids. Some unknown mechanism, in which the kidney 
must play the major role, keeps the electrolyte content of the plasma nearly 
constant. ... If chloride is ingested faster than it can be excreted, it does not 
accumulate in the plasma but passes (as sodium chloride and water) into the 
intercellular tissue spaces and produces edema.” 
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In view of the foregoing, it would appear logical to modify the formula 
of the peritoneal irrigating fluid for future cases so that it contains 570 mg. of 
sodium chloride rather than S00 mg. per 100 milliliters. 

CONCLUSION 

In a ease of renal failure caused by a blood transfusion reaction peritoneal 
irrigation with Tyrode’s solution produced an apparent beneficial effect on the 
uremic manifestations, but the patient died because of generalized edema. 

The suggestion is- made that a modification of Tyrode’s solution (reduction 
chloride content) might prevent such edema. 
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PERITONEAL IRRIGATION FOR ACUTE RENAL DAMAGE 
FOLLOWING INCOMPATIBLE BLOOD TRANSFUSION: 

A DISCUSSION BASED ON THREE CASES 


E. E. Muiriiead, M.D., A. B. Shale, M.D., A. E. Haley, M.D., 
and J. M. Hill, M.D. 

Dallas, Texas 

P ERITONEAL irrigation as a procedure i‘or clearing waste products from 
the body has been attempted on several occasions in the past.’" 1 Recently 
this procedure has been rejuvenated as a result of improved techniques and 
results presented by Fine, Seligman and Frank. 1 * 7 Other reports 8 * 10 have re- 
sulted from the stimulus initiated by these workers. 

We have conducted this procedure of peritoneal lavage on three cases of 
renal insufficiency resulting from incompatible blood transfusion.® Since ex- 
perience with the first case, there has also been the opportunity to observe the 
results of different types of management (mentioned later) on additional 
identical cases and other related types of acute renal damage. The latter will 
be presented in a review of all known hemolytic transfusion reactions from this 
hospital since the inception of the blood bank in 1939.“ An appraisal of the 
peritoneal irrigation technique resulting from this experience seems appropriate. 


TECHNIQUE OP PERITONEAL IRRIGATION 


Introduction of Inlet Catheter and Outlet Drain . — The arrangement for irrigating the 
peritoneum has been in eaeli case identical in its main features to that presented by Fine, 
Seligman, and Frank. 3 * 7 Under local anesthesia (novocain) and through a low lateral 
McBurney incision a "sump" drain 7 . (Fig. 1) was inserted into the right lower quadrant 
and placed in the right paracolic gutter adjacent to the cceum. The incision was sutured 
snugly about the upper collar of the "sump" drain. Through a minimal skin incision a 
thoracentesis trocar was introduced through the abdominal wall of tho left upper quadrant 
two inches below tho costal margin. A No. IS French catheter was introduced well into the 
peritoneal cavity and the trocar was removed. The skin edges were sutured snugly about 
tho catheter. Tho entire procedure, conducted in the operating room, was completed within 
thirty to forty-five minutes. 

Irrigating Equipment . — Tho fluid was allowed to enter through tho catheter by gravity 
and was drained out through the "sump "drain into a 20-liter bottle to which slight negativo 
pressure was applied by a Wangensteen suction or a small electric (aspiration) suction 
pump. On two cases a bacterial Handler filter was interposed between the entering fluid 
reservoir and tho intake catheter. No additional pressure was necessary for filtration at the 
desired rate of flow. 

Irrigating Solutions . — Mammalian Tyrode’s solution as designated by Seligman and 
co-workers 6 was most frequently used. On two occasions 5 per cent dextrose in distilled 
water was deliberately used (see Cases 1 and 2). At other times and for short intervals a 
sixth-molar sodium lactate and three chlorides (Ringer’s) solution was used. 

Tho solutions wero prepared in two different manners. In the first case separately 
sterilized solutions combined prior to utilization were used. In two cases freshly distilled 


From William Buchanan Blood Center, Baylor University Hospital, and Southwestern 
Medical College. 

Received for publication, May 27, 1947. 

•Two cases in our hospital, one case elsewhere. 
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water was collected in 20-liter bottles and the previously weighed solid ingredients were added 
just before use. The latter was much more practical m view of the interposed Mandler bac 

tonal filter.^ liter of irrigating fluid were added 25,000 units of penicillin and 1 mg. of 
heparin. During the irrigation, penicillin also was given intramuscularly (usually 20,000 
units every threa hours). Two cases received streptomycin by peritoneum and muscle during 
the latter phases of the irrigation. 



Fig. 1. — The type of “sump" drain used is represented. The abdominal wall was made 
to at snugly about the collar and the wire-mesh portion was placed in the right paracolic gutter. 

Once started, the irrigation was continuous in two cases and interrupted by a twelve- 
hour period in one case. The rate of flow was near 1,000 ml. per hour. 

Attempts were made to give a high caloric formula by mouth but were not completely 
successful. Glucose and amino acid were given, but usually not enough for basal dietary 
demands. Vitamin B fractions, vitamin C, and calcium gluconate were given parenterally. 
Multiple transfusions were given for anemia. 

CASE REPORTS 

Whenever possible, a cheek on the fluid intake by all portals and on the urine 
output was maintained. A slight but variable leakage always occurred about the 
“sump” drain, making the measurement of outflow fluid and total urea recovered 
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somewhat lower than the true value. The urine urea and chloride content were 
cheeked daily in two eases. The blood urea, 13 chloride 14 and hemoglobin con- 
centration, 13 and the CO., combining power of the plasma 1 ' 1 were checked fre- 
quently. Several serum sodium and potassium concentration determinations” 
were made. 


Cask 3. — This case has been discussed elsewhere!" and only essential points will be men- 
tioned. A 315-yeiir-old white woman was given n transfusion for :l moderate blood loss anemia. 
Through a clerical error typo A„ l)-positive* blood was given while the patient was of type 0, 
D positive. A severe reaction developed after 175 ml. were given and the transfusion was 
discontinued. 

There was prominent oliguria for twelve days but during the thirteenth, fourteenth, 
fifteenth, and sixteenth days a steadily increasing urinary output occurred (see Table I). 
During these sixteen days the fluid intake amounted to some 25,750 ml. (17,000 ml. by vein 
with 70 Gm. isTaCl). Thero was persistent vomiting. The patient’s condition deteriorated 
markedly. There was azotemia (blood urea, 310 in g. per cent), hypoehloremia (blood chlo- 
rides, 300 mg. per cent), and acidosis (CO, combining power, 10.5 volumes per cent). The 
following signs developed: gallop rhythm, apical systolic murmur, pericardial friction rub, 
generalized and subcutaneous edema, clonic muscular spasms, blood pressure, 100/110 mm. 
Hg., and mental confusion. 

Peritoneal irrigation over a period of 5.5 days (sixteenth to twenty-second day) was 
responsible for the clearance of over 70.S1 Gm. of urea from the body. 

Despito somo apparent improvement during the first three days of irrigation (greater 
mental clearness, diminished muscular jerks, etc.) tho patient became more edematous and 
tho cardiac embarrassment seemed more pronounced, t During this time there was a distinct 
elovation in the blood chlorido and scrum sodium concentration but the serum potassium con- 
centration remained normal. The hemoglobin concentration of peripheral blood remained 
at the same level despite prior transfusions of blood. Tho acidosis became more pronounced. 
Tho blood urea concentration was markedly lowered, a lowering not in keeping with the quan- 
tity of recovered urea and, therefore, considered as partly a dilution phenomenon. Vomiting 
and retelling continued. It became quite obvious that notwithstanding an already existing 
extracellular water-salt overload, water and salts continued to be absorbed from the peritoneal 
surfaces, thus accentuating an already existing complication. 

Dramatic beneficial effects in this ease were associated with the washing of the perito- 
neal surfaces with 5 per cent dextrose in distilled water at this time for a continuous twenty- 
four-hour period. The recovered solution had a composition of 2.5 per cent dextrose and 0.12 
per cent NaCl. By this means alone some 00 to 70 Gm. of UaCl were removed from the body. 
This correction of tho salt overload was concomitantly associated with a eopious diuresis. A 
subsequent transient oliguria developed (partly related to water deficit) which, when cor- 
rected, was followed by recovery. 

Peritonitis due to Proteus morgani was treated with streptomycin. It is regrettable to 
report the development of vestibular damage which did not become evident until after the 
patient was discharged from tho hospital. Otherwise tho patient lias recovered. 


Comment . — Certain distinct complications occurred during the irrigation 
period: (1) an accentuation of the extracellular overhydration (pulmonary 
and subcutaneous edema), (2) an accentuation of the extracellular salt over- 
load, (3) the development of severe acidosis, and (4) peritonitis without gaseous 
distention. Retching and vomiting continued until the catheter and drain were 
removed. 

In the light of subsequent experience gained with these and related cases 
since the time of the report of this first ease, additional interpretations seem 


•The antigen D of the Fisher-Race Rh concept.".™ 

- tA digitalis effect disappeared when the drug was discontinued. 
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justified. The usual time interval for kidney regeneration (structural and 
functional) had already elapsed by the time the irrigation was commenced. 
Extraneous factors such as the extracellular salt overload seemed to have inter- 
fering influences on renal function as reflected by the occurrence of diuresis and 
recovery when the salt-removing procedure was instigated. Such reasoning sug- 
gests that mostly extrarenal rather than truly renal causes were dealt with by 
the irrigation procedure in this case. 

Case 2. — This patient, a thirty-year-old white woman, had extensive tuberculosis of the 
right lung for which a thoracoplasty operation (iirst and seeond stage) was performed. She 
was well nourished. 

Unmistakable hemolytic transfusion reaction occurred through no fault of anyone con- 
cerned. The patient’s blood was typed on many occasions and each time was found to be of 
typo A„ D positive. All donors giving blood to this patient were reehcckcd and each was 
found to be of type A„ D positive.* 



ANTI-C 

ANTI-D 

Anti-E 

ANTI-C 

Patient 

+ 

+ 

4- 

+ 

Donor 1 

4- 

+ 


T 

Donor 2 

+ 

+ 

_ 

+ 

Donor 3 


+ 

+ 

+ 

Donor 1 


+ 



Donor 3 

+ 

+ 

4- 

+ 

Donor |J 

+ 

+ 

— 


Donor 7 

+ 

T 


+ 

Donor 8 

T 

+ 


+ 


Uneventful blood transfusions were given during the first phase thoracoplasty. During 
and after the second phase operation, two weeks later, transfusions were followed by hemo- 
globinuria, jaundice, and the typical type of renal insufficiency. Multiple attempts to dem- 
onstrate antibodies in tho patient’s serum (agglutinating, “blocking,” and tho “third 
order” types- 0 ) wera fruitless. The subsequent autopsy demonstrated typical renal lesion? 
of incompatible transfusion type (Figs. 2 and 3). 

"While under anesthesia (pentotlial-cyclopropanc-oxygen) during the second phase 
thoracoplasty tho patient received 500 ml. of blood and 500 ml. of 5 per cent dextrose solution. 
For two hours following tho operation tho blood pressure remained near S0/60 mm. Hg. 
Following 500 nd. of diluto plasma the blood pressuro became 101/70. At this time (three 
hours after operation) an additional 500 ml. of blood were given. Nausea and vomiting 
appeared but the blood pressure remained 11-1/80. Nine hours after the operation 200 

ml. of very dark urine were voided. 

Oozing of blood from the operative site began and the blood pressure dropped to 78/50 

mm. Hg. After 500 ml. of dilute plasma the blood pressure was 105/70 (nineteen hours after 
the operation). Under cyclopropane anesthesia the wound wa3 reopened and packed while the 
patient received 750 nd. of blood, 1,000 ml. of 5 per cent dextrose, and 500 ml. of dilute 
plasma (blood pressure, from S5/00 to 120/90). At this time 90 nd. of dark brown urine were 
voided and the patient was distinctly jaundiced (see Table II for icteric index). 

The urine specimens during tho second twenty -four hours (110 ml.) were likewise 
brown in color and contained much brownish granular pigment. Because of an alarming 
lowering of the hemoglobin concentration (3.0 Gin. per cent) the patient was given trans- 
fusions on the tenth, eleventh, and twelfth days amounting to 900 milliliters. Again the 
icteric index was elevated (additional hemolysis). 

By summary then, this patient received 2,030 ml. of blood in a twelve-day period, much 
of which, was rapidly hemolyzed through uudemonstrated mechanisms. 

It was decided to commence peritoneal irrigation as soon as renal insufficiency became 
definite and severe. IVe had in mind circumventing advanced renal insufficiency. The total 
urine volume for a little over three days was 300 to 400 ml., the blood urea concentration was 
214 mg. per 100 ml., and, accordingly, the irrigation was initiated. 

♦The patient’s and donors’ red cells gave the following results with anti-C, antl-D, antl-E, 
and anti-c sera of Race. 
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Peritoneal irrigation, was conducted with 5 per cent dextrose in. distilled water during 
tlio first seven hours as a means of checking tho ability of this solution to wash out salts by this 
techniquo (refer to Case 1). Duiiug this time the solution entered as 5 per cent dextrose and 
was recovered with tho following concentrations: dextrose, 3.9 per cent; chlorides, as NaCl 
0.21 per cent; sodium, 91 mg. per 100 ml.; potassium, S mg. per 100 milliliters. Thus, in the 
5,100 ml. actually recovered at this time tho following bulk quantities were measured: 10.7 
Gm. of NaCl, 4.01 Gm. of sodium, and 0.4 Gm. of potassium. Additional evidence was gained 
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that this proceduro can wash out substantial salt just as in tho Darrow-Yanuet experiment. 11 
At the same timo some 77 Gni, of dextrose were absorbed. 

Tho irrigation was continued for seven and one-half days. Mammalian Tyrodo’s solu- 
tion was used 75 per cent of tho time; lactate-Itinger’s solution, 14 per cent; and 5 per cent 
dextrose, 11 per cent. Table II contains the data on this case. The entire amount of urea 
measured in the outflow fluid was 115 grains. The azotemia abated considerably but again 
a severe acidosis developed, and some increase in the plasma chloride and sodium con- 
centration occurred. 

Most of the 4,025 ml. of fluid given on the first and second days consisted of blood and 
dilute plasma given to combat blood loss and hypotension. From the third to the eleventh 
day (irrigation period) tho fluid intake, other than by peritoneum, amounted to 13,030 ml. 
and was given to equalize the insensible water loss and slight urinary output. On this regime 



Fig. 3. — Section of kidney shown in Fig. 2. The glomeruli are of normal size and 
cellularity, but there is protein precipitate within the capsular spaces. The proximal segments 
are shown in the upper portion and display hyaline droplets in the cytoplasm. The distal 
segments are lined by thin regenerated epithelium and contain granular heme casts. In the 
center damaged epithelium has sloughed into the lumen and surrounds a heme cast (brownish 
granular) in the manner of a collar. 

the patient became edematous in the subcutaneous zone, but there was no demonstrable pul- 
monary edema. Such circumstances can be explained best by considering that water and 
salts were absorbed through peritoneal surfaces. 

The hypertension which began on the third day persisted throughout the irrigation 
period. During the first three days sodium bicarbonate was given (1 Gm. every four hours) 
but tills was discontinued when the edema was noticed. Within two days a severe acidosis 
associated with Kussmaul breathing appeared. In required 32 Gm. of sodium bicarbonate 
in twenty-four hours to alleviate the acidotic breathing. The acidosis was modified but re- 
mained severe. 


Table II (Case 2) 
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Up to the fourth day of irrigation there was littlo evidence of improvement other than 
reflected by a lowering of the blood urea concentration, a minimal increase in urinary vol- 
ume, and a recession of the jaundice. At this time pronounced hemodilution existed (hemo- 
globin 5.(5 Gm. per cent) and three small (300 ml.) transfusions were given. That this 
courso was unsuccessful was 'attested by the recrudescence of the jaundice, the subsequent 
rather food oliguria, progressive weakness, and mental confusion. Tho course continued 
downhill with marked gaseous distension, and expiration occurred following a convulsion on 
the fifteenth day. 

On the fifth day of irrigation the outflow fluid became cloudy and showed many strands 
of fibrin and clumps of leucocytes. A culture at this time yielded a growth of a gram-negativo 
bacillus identified as Proteus. Streptomycin therapy was initiated ami continued until the 
exitus (0.25 Cm. intramuscularly every four hours). 

Pertinent features of the autopsy findings are given. There was widespread fibroeaseous 
tuberculosis of tho lungs with nearly eoaiplete destruction of the right lung and extensive 
involvoment of the loft upper lobe; the left lower lobe constituted tho only morphologically 
intact lobe. Of much interest was the complete absence of evident pulmonary edema. A 
minimal amount of greenish-yellow fibrinopurulent exudate was found about the catheter 
and drain wounds but in all other areas tho peritoneal surfaces were of normal smooth and 
glistening appearance. The liver displayed moderate fatty metamorphosis and bile staining. 
Tho kidneys were outstanding. They were twice normal in weight (right, 300 grama; loft, 
300 grams) ; tho cut surfaces bulged prominently; the capsule stripped easily, leaving a smooth 
surface; the cortex was gray-yellow in color; the medulla was dusky and well striated (Fig. 1). 
Microscopically tho following were noted: protein precipitate in the glomerular capsular 
spaces, normal-appearing glomeruli, prominent hyaline droplet accumulation in tho cytoplasm 
of the colls lining tho proximal segments, focal necrosis of the distal segments with focal 
inflammatory foci (lymphocytes, eosinophils, macrophages, fibroblasts), many heme easts in 
the distal segments (brownish granular and eosinophilic granular types), prominent sloughing 
of damaged cells of Che distal segment, regeneration of the distal segment, and interstitial 
edema, Tho regenerated distal segments were lined by very fiat cells as described by Lucke-- 
(Fig. 2). Prominent medullary capillary hyperemia was pre.-ent. 

Comment. — This case presented several points of much interest. In the first 
place the exact antigen-antibody mechanism causing the hemolysis was not dem- 
onstrated, but undoubtedly multiple hemolytic transfusion responses occurred 
and resulted in a severe type of renal insufficiency. The failure to demonstrate 
any type of antibody (agglutinating, blocking, developing) in the patient’s 
serum, despite daily checks, was a new experience for this center. It could be 
that the transfusions cleared the serum of antibodies and that the widespread 
tuberculosis hindered further antibody production. 

A series of interesting points were related to the irrigating procedure. It 
was reasoned that by initiating irrigation early it would be possible to keep 
ahead of the deleterious aspects of renal insufficiency and to precipitate an 
early recovery of the kidneys. It is now clearly apparent that this was a distinct 
mistake. The usual progress of the renal phase was not altered, as can be ap- 
preciated by comparing this case with fourteen others discussed elsewhere. 11 
Considerable urea was cleared from the body, but a severe acidosis developed 
and generalized edema was a continuous threat. It becomes apparent that the 
difficulties in this case resembled those of Case 1. 

By the foregoing remarks it is not meant to imply that the irrigation pro- 
cedure necessarily caused the fatality. Two other complications were more 
likely to have been implicated in this sense: (1) overwhelming pulmonary tuber- 
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culosis demonstrated at autopsy and (2) repeated transfusions with hemolytic 
response. But it does appear that the procedure was begun much too early, that 
the usual course of these cases was not altered, and that certain deleterious com- 
plications were once more demonstrated. 

Finally, this case offered three other worth-while informative features. (1) 
The washing out of salts and base via the peritoneum bj r a nonsalt-eontaining 
fluid was again revealed. This is merely a clinical application of the Darrow- 
Yannet experiment 21 and is fraught with possible deleterious fluid shifts under 
certain conditions (see Discussion). (2) The absence of a diffuse peritonitis 
following seven and one-half days of irrigation when penicillin and streptomycin 
were used is in itself worthy information. (3) The morphologic renal picture 
corresponded with the lesions designated by Lucke 22 as “lower nephron 
nephrosis” and included sloughing of damaged tubular epithelium and well 
advanced regeneration of the same by the fifteenth day. 

Case 3.— This ease is that of a colored woman, aged 49 years, who developed a 
prominent hypotension associated with hlood loss during a hysterectomy for multiple leio- 
myomas.* Due to the urgency of the hypotension, unmatched blood was given (500 ml.). 

The blood pressure remained low (70/40 to S0/70) for nearly twenty-four hours. The 
patient had received 3,500 ml. of. blood. A laparotomy revealed a hematoma in the pelvis and 
the oozing of blood; this was controlled and the blood pressure returned to normal. (Hemor- 
rhagic tendencies are not an infrequent complication of hemolytic reactions.) 

On the second day the icteric index was 26. The first urine specimen was dark red. 
Oliguria became marked (for ten days about 100 ml. daily). There was mounting azotemia, 
acidosis, and liypochloremia (Table III). Vomiting was troublesome. The patient became 
comatose and developed muscular twitching. The total amount of fluid intake is not known. 
During the first five days roughly 3,000 ml. were given in addition to the blood given for 
the hypotension. Between the fifth and tenth day 13,500 ml. of intravenous fluids were given, 
of which 5,000 ml. were of isotonic sodium salt composition. 


Table III (Case 3) 
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During tho eigiitii, ninth, and tenth days the stomach was periodically washed for 
clearance purposes. It is of interest that on two occasions the urea concentration of the 
aspirated lluid was determined to be 3.4 and 3.2 mg. per 100 milliliters.* During this period 
thero was a slight decrease in the blood urea concentration, but the CO, combining power of 
tho plasma was elevated and the hypoehloremin became of extreme proportions. The serum 
sodium concentration was within normal limits. 

.On tho tenth day peritoneal irrigation was started because tho patient did not appear 
to be improving. During the following three days 71.5 Gm. of urea were cleared from the 
body by this means. Tho urino volume output was increasing slightly. The blood urea con- 
centration dropped markedly but thero was pronounced acidosis (Table III). Tho blood 
ehlorido and serum sodium concentration were prominently elevated. On the fourth day of 
tho irrigation the patient succumbed to an accident not related to tho peritoneal irrigation 
or to the renal insufficiency.} The ultimate outcome of this case, therefore, is not subject to 
appraisal in so far as the renal lesion and irrigation are concerned. 

Comment — Again peritoneal irrigation was responsible for the clearance 
of a substantial quantity of urea from the body*, but concomitantly a severe 
acidosis developed and there was once more evidence of the uncontrolled ab- 
sorption from tlie peritoneal surfaces (elevated Cl and Na concentrations). 

The autopsy findings demonstrated typical renal lesions. There were heme 
easts and sloughing of the damaged cells of the distal tubule and evidence of re- 
generation by the fourteenth day. Again no diffuse peritonitis was encountered. 


Table IV. Urea Concentration (Mg. ran loo Ml.) 
Blood and Peritoneal Pluid 



CASE 1 

CASE 2 

CASE 3 

DAY 

BLOOD | 

CEBIT. 

BLOOD | 
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BLOOD | PERIT. 
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3S9 99.5 

3 
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4 
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71.2 
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5S.4 
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0 


71 
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(3-1. G 


7-8 



123 

05 



Notice the usual decline In the urea concentration of the peritoneal escape ihiid as the 
blood urea concentration decreased. These concentrations are minor as compared with the 
normal urine urea concentration. 


DISCUSSION 


Continuous peritoneal irrigation has been demonstrated again to remove 
urea from the body. The urea has been used as an index of the clearance of 
other waste products. The degree of efficiency of this procedure can be appreci- 
ated by examining Table IV. The highest urea concentration in the outflow 
fluid occurred on the first day when the blood urea level was highest.! This 
highest concentration still fell short of the normal urine urea concentration by 
ten to fifteen times. Extremely large volumes of fluid therefore were necessary 
in order to clear daily between 15 and 30 Gm. of urea from the body. As the 
blood urea concentration was lowered there was some correlation with the de- 
crease in. the peritoneal fluid concentration. 


... (-nnrentraUon in order to clear the 30 Gm. of urea removed on the first day of 
peritoneal irrigation it would have required 1,000,000 ml. of gastric washing fluid. 

+ while a sternal transfusion was being attempted (hemoglobin, 6.8 Gm. per cent) 3.000 
ml of blood were introduced into Uie mediastinum and pleural spaces. 

’ JThis feature satisfies tlie law of partial pressure as applied to osmotic interchanges. 
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Two major complications were related to the irrigation procedure in each 
case: (1) a severe acidosis and (2) the absorption of water and salts from the 
peritoneal surfaces. There were indications that the acidosis was due to the 
differential washing out of base while neutral salts were absorbed. Generalized 
edema developed or became accentuated, and the threat of pulmonary edema 
remained constant. 

Peritonitis was demonstrated in each case but was of a focal nature, being 
localized about the intake catheter and outflow drain. As a result of exudate 
accumulation about the “sump” drain the recovery of fluid became less and less 
efficient after the fifth day. Diffuse peritonitis apparently was prevented by 
penicillin and streptomycin. Gaseous distention was troublesome in one case. 

We are familiar with six other eases of peritoneal irrigation for acute renal 
damage reported in the literature of recent times 7 ' 9 ; four of these cases had renal 
insufficiency following incompatible blood transfusions. The present group 
brings the total number to seven. In order to appraise this procedure it becomes 
necessary to review briefly the sequence of events in such cases. 

The clinical course of patients experiencing incompatible blood transfusions 
may be divided into three phases 11 : (1) hemolysis, hypotension, etc., is charac- 
terized by a sudden onset with apprehension, tightness in the chest, backache, 
dyspnea, cyanosis, mental confusion, hypotension, chill-fever, and hemoglobin- 
emia-hemoglobinuria. (2) Renal insufficiency is attended by oliguria, heme casts 
in the urine, hypertension, azotemia, altered chemieal pattern of blood (mainly 
depressed serum sodium, calcium, blood chloride concentration, and C0 2 com- 
bining power of plasma), and mounting antibody titer.' (3) Copious diuresis 
is accompanied by marked water-salt loss from the body. Experience with these 
and related cases have led us to the conclusion that each phase requires its own 
distinctive type of management. 11 During the first phase, blood transfusion of 
undoubted compatibility should be given to cope with anemia and lowered blood 
volume, thus decreasing the period of hypotension. During the second phase, 
forcing fluids seems deleterious because the kidneys are not in a position to 
handle water and salts. The best results during this period have been obtained 
by restricting the fluid intake to a conservative estimated insensible loss plus 
the scanty urinary output (a total usually of 800 to 1,500 ml. daily for six to 
eight days). A high caloric-low salt formula has been given with this fluid 
plus water-soluble vitamins. Sodium bicarbonate (4 to 6 Gm.) has been given 
daily to cope with an excessive lowering of the C0 2 combining power of plasma. 
This regime is based on the premise that damaged kidneys require time for heal- 
ing. When the diuresis appears (eighth to fourteenth day) the water-salt loss 
through this means is replaced. Such losses may require 20 to 40 Gm. of salts 
daily plus 5,000 to 10,000 ml. of water. As soon as possible the patient is allowed 
to adjust his own intake and output. 

It has been our experience that patients overloaded with water and salt have 
expired or the onset of diuresis has been delayed (fourteenth to eighteenth day) . 

Experience with this three-phase management and with the three cases of 
peritoneal irrigation has led us to a more critical view of the irrigation procedure. 

ie complications of acidosis and water-salt overload occurring during irriga- 
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tion seem to be the particular deleterious influences that the outlined three-phase 
management appears to prevent. With the three-phase management the results 
have been very encouraging 11 ; with the irrigation procedure the results have 
been rather discouraging. 

The discouraging features of peritoneal irrigation are not confined to our 
three cases. A study of the protocols of the two cases presented by Fine, Frank, 
and Seligmaiv yield evidence of water-salt overload and of no particular shorten- 
ing of the usual period necessary for recovery. In the c;tse of Iteid, Penfokl, and 
Jones 8 it is difficult to accept the interpretation that the removal of G.Ji- Gm. of 
urea in two days was an effective means of supporting renal function. Moreover, 
the onset of the diuresis coincided with the usual time for this phase. 

The case of Goodyear and Beard® had a stated daily intravenous fluid in- 
take of 3.000 milliliters. Over a sixteen-dav period such a regime alone is con- 
ducive to a fluid overload when renal insufficiency exists. The amount of urea 
recovered in the outflow fluid within a six-day period amounted to about 15 
grams. One wonders how influential was the factor of dilution in the displayed 
drop in nonprotein nitrogen concentration. The diuresis phase, which was de- 
layed in onset, occurred after the irrigation. 

While treating a case with azotemia, the ability of hydremia to lower the 
concentration of nitrogenous waste products must be kept constantly in mind. 
Otherwise a spurious sense of improvement may be enjoyed when actually a 
deleterious water and/or salt overload is in progress. 

The complications encountered in the three presented cases during irriga- 
tion have ensued while crystalloid solutions approaching the composition of 
plasma (minus proteins) were being used. A fluid of different composition may 
prevent these complications but of this we arc not aware at present. Hyper- 
tonicity of the inflow fluid has been conducive to pain in a few brief trials. 

The results herein presented indicate the need for an earlier and sustained 
replacement of base. Perhaps the measurement of total base in the outflow 
fluid would indicate the necessary replacement. Even so, the prevention of 
the absorption of neutral salts and water remains an additional major problem. 

The use of 5 per cent dextrose in distilled water appeared beneficial in Case 
1 by removing salt from the body. After nineteen days the kidneys were regen- 
erated and ready for the diuresis phase of functioning. It must be emphasized, 
however, that the removal of salt in this manner when the kidneys are not ready 
to discard water may be attended by deleterious intracellular water shift as 
pointed out by Darrow and Yannet. 21 

CONCLUSIONS 

1. Experience with these patients following incompatible blood transfusion 
in whom peritoneal irrigation was conducted for the treatment of renal in- 
sufficiency according to described techniques has been disappointing. Sub- 
stantial quantities of urea (and presumably other waste products) were cleared 
from the body. However, two major complications, accentuation of acidosis 
and the absorption of water and salts from the peritoneum, seemed related to 
the use of crystalloid solutions for irrigation. Such complications are considered 



PERITONEAL IRRIGATION FOR ACUTE RENAL DAMAGE 


1001 


deleterious to the progress of these patients during the renal insufficiency phase 
and may retard the onset of diuresis. In contrast, an outlined three-phase 
regime seems to oppose these particular complications. 

2. Diffuse peritonitis was absent in two eases examined post mortem. Pre- 
sumably penicillin and streptomycin therapy prevented this complication. 
Vestibular damage was subsequently observed in one case following streptomycin. 

3. The data obtained in the cases herein reported appears to agree with 
those of other cases of incompatible blood transfusion and renal insufficiency 
which have been subjected to this procedure and reported in the literature. 
There seems to be disagreement in the interpretation given these data. 
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SERUM PROTEINS IN ACUTE INFECTIONS 


R, S. Stack*, M.A., M.D. 

Baghdad, Ikaq 

A S TURBIDOMETRIC methods for the estimation of proteins in biologic 
fluids have been shown to be unreliable , 1 they have been discarded except 
for rough approximations. During an investigation of the causes of error, it 
was observed that in certain acute infections a turbidometric method gave con- 
sistently low results for serum albumin when compared with those given by 
other methods. In the following, these experiments are described and certain 
conclusions reached concerning the nature of serum proteins in infection. 

METHODS 

Fractionation of Serum Proteins . — 

1. Howo’s- method. Tho globulin in 0.5 ml. serum whs precipitated with 9.5 ml. sodium 
sulfate (22.2 Gm. per 100 ml.) at 57° C. and separated by filtration. 

2. The Aqueous-methanol method of Pillemer and Hutchinson. 3 The globulin in 1 
ml. serum was precipitated by -1 ml. methanol reagent at 0 to 1° C. and separated by 
centrifuging or by filtration. The clear solution was diluted to four times its volume with 
saline. 

Protein, Estimations . — 

1. Macro-Kjeldnhl nitrogen estimation. 

2. Biuret method. Tho color, developed by Pine’s* method, was estimated in a photo- 
electric absorptiometer usiug a green filter (wave length 525 m /*). Tho instrument was cal- 
ibrated from tho results of parallel ICjcldahl estimations. 

Turbidity Methods . — 

1. Total serum protein. One milliliter serum wus diluted to 100 ml. with saline 
(0.9 Gm. per 100 ml.). To 1 ml. of this solution 1 ml. water and 3 ml. sulfosalicylic acid 
(5 Gm. per 100 nd.) were added. 

2. Serum albumin. To 0.5 ml. albumin solution (Howe's filtrate or diluted methanol 
filtrate), 1.5 ml. water and 3 ml. sulfosalicylic acid solution were added. When the serum 
albumin was high, tho filtrato containing tho albumin was first diluted with an equal volume of 
the solution used for precipitation. 

3. Por tho determination of tho specific turbidity (discussed lator) of serum globulin 
tho precipitated globulin was washed twice with the precipitant used, dissolved in saline or 
weak soda, mado up to twenty times tho original volume of serum, and tho protein content 
and sulfosalicylic acid turbidity estimated. For tho latter, 0.5 ml. solution was taken and 
the precipitation completed as in tho case of albumin. 

Tho sulfosalicylic acid was always added slowly, with constant shaking, and the turbid 
solutions allowed to stand in tho incubator for thirty minutes at 37° C. After thorough 
mixing tho optical density of the suspensions was estimated with a photoelectric absorpti- 
ometer which had been calibrated with a standard suspension of formazine. 5 This was pre- 
pared by mixing 14.5 ml. hexamino solution (10 Gm. per 100 ml.) with 14.5 ml. hydrazine 
sulfate solution (1 Gm. per 100 ml.) and, after forty-eight hours, diluting to 200 ml. with 
water. Tho optical densities of dilutions of this suspension were determined in the ab- 
sorptiometer, and a curvo was constructed from which protein turbidity could be read in terms 
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of tbo standard formazinc solution taken as 100. The result was multiplied by a factor 
depending on tlio amount of serum present in the aliquot used, so that the Anal figure repre- 
sented the turbidity produced in a volume of 5 ml. by 1 ml. of 1 per cent solution of the 
original serum (total protein, 1; albumin, 0.4, if 0.5 ml. albumin Altrate had been used; 
globulin, 0.4). For all results recorded hero a green Alter was used (525 m/t wave length). 

As there arc not large differences between the quantities of protein precipitated on 
each occasion, a comparable figure may be obtained for each protein by dividing the turbidity 
figuro by the percentage of that protein in the serum. '1'his Agure will be referred to as the 
“speciAe turbidity" of the protein. 

EXPERIMENTS WITH HOWE’S METHOD OP FRACTIONATION OF SERUM PROTEINS 

Sera from normal subjects and from patients with acute infections were fractionated 
and the total protein, albumin, and globulin determined by the biuret method. The turbidity 
produced in these fractions by sulfosalicylie acid was measured and the speciAe turbidity of 
each protein calculated. In a number of cases serum protein values determined by Kjeldahl 
were used; these always gave similar results. 


Table I. Specific Turbidity of Serum Proteins Fractionated by Howe’s Method 
(Normal and Abnormal Cases) 



Average of normals 


11 

12 G.8 • 4.0 2.8 

13 7.8 4.6 3.2 

14 5.3 2.9 2.4 

0.3 3.8 2.5 

15 4.2 2.3 1.9 

10 7.2 3.7 3.5 

7.9 4.1 3.8 

8.5 4.2 4.3 

17 G.8 3.3 3.5 

18 0.5 3.5 3.0 

0.5 3.4 3.1 

, 7.0 4.1 3.5 

19 5.3 2.5 2.8 

5.8 2.9 2.8 

0.8 3.3 3.C 

0.7 3.9 2.£ 

7.0 4.2 2 £ 

2? 7.0 3.5 3.r 

21 7.0 3.2 3.* 

0-3 2.5 4.: 

A \ era Re of abnormals 
(Initial values only 1 ) 


Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 


Lobar pneumonia: Fever 5 days 
Lobar pneumonia: Fever 4 days 
Lobar pneumonia: Fever 6 days 
Lobar pneumonia: Fever 2 days 
Afebrile 10 days 

Lobar pneumonia: Fever 7 days 
Appendix abscess 

8 days after drainage 
20 days after drainage 
Infected hydatid cyst; lung 
Infected hydatid cyst; lung 
4 days after drainage 
10 days after drainage 
Amoebic abscess; liver 
Treatment 10 days 
Treatment 17 days 
Treatment 24 days 
Treatment 50 days 
Amoebic abscess; liver 
Osteomyelitis; femur 
Osteomyelitis ; face 
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Results . — Prom Table I it can be seen that in acute infections the specific 
turbidity of total protein and of albumin is reduced, the reduction being small 
in the ease of total protein, large in the case of albumin. During convalescence 
the value of the latter returns toward normal. 

The specific turbidity of globulin in normal persons and in patients with 
acute infection is given in Table If. It is low and nearly constant and shows 
no change parallel to that of the albumin. This suggests that the reduction 
in the specific turbidity of the total protein and the much greater reduction 
in that of the albumin is to be sought in a change in the albumin-sulfosalicylie 
aeid precipitate. Such a change might be chemical and/or physical; if physical, 
it might be brought about by the presence of some substance in the albumin 
filtrate. 

In a number of eases the albumin in the filtrate was precipitated by 9 vol- 
umes of hot acetone-ethanol (50:50), centrifuged, the supernatant fluid poured 
off, and the precipitate, after being drained, dissolved in weak caustic soda 
solution. The turbidity produced by sulfosnlieylic aeid was determined and the 


Table II. Compakiso.y or Specific Turbidities or Howe's Albumin ayd Globulin 

FRACTIONS (NORMAL AY D ABNORMAL CASES) 



CASE | 23 | 24 | 

25 | 26 | 27 

| 23 ! 29 | 30 | 31 | 32 | 

33 I 34 | AV. 

Specific turbidity of 

8.7 8.3 

S.3 8.2 7.S 

7.6 7.5 6.S 6.3 6.2 

5.7 5.2 — 

albumin 






4.4 4.2 4.3 

Specific turbidity of 

4.6 3.9 

4.0 4.7 l.S 4.5 3.9 • 

1.1 4.4 4.4 

globulin 







table nr. 

Comparison 

op Specific Turbidities op Howe's Albumin Fraction Before and 

After Precipitation With Acetone-Ethanol (Normal ayd Abnormal Cases) 



case l 35 ( 36 l 37 ( 3S f 39 t 40 ( 41 | 42 | 43 

( 44 | 45 | 46 

Specific turbidity of albumin S.5 8.0 7.9 7.9 0.9 6.1 

6.1 5.7 5.3 

5.0 4.9 l.S 

Turbidity 

(No precipitation) 

5 1.4 1.3 1.3 1.4 1.3 

1.2 1.4 1.3 

1.3 1.5 1.2 

Turbidity (Precipitation) 

Table IV. 

Comparison op Albumin Fraction 

Separated by Howe’s Method and by 


Aqueous-Methanol Method (Normal and Abnormal Cases) 



SERUM ALBUMIN 



albumin specific 


(gm./IOO ml.) 


(i) 

turbidity 


SODIUM 

AQUEOUS 


x 100 




sulfate 

METHANOL 



SODIUM 

AQUEOUS 

CASE 

(1) 

(2) 

D) - (2) 

(3) 

SULFATE 

1 methanol 

•17 

4.9 

4.2 

0.7 

14 

8.9 

n.i 

48 

5.1 

4.4 

0.7 

14 

S.7 

11.9 

49 

5.2 

4.7 

0.5 

9 

8.6 

10.6 

50 

4.6 

3.S 

o.s 

17 

S.4 

12.0 

51 

3.4 

2.4 

1.0 

29 

7.S 

11.0 

52 

3.5 

2.4 

1.1 

31 

7.S 

12 2 

53 

3.9 

2.8 

1.1 

27 

7.5 

12.5 

54 

3.8 

2.8 

1.0 

26 

7.4 

12.8 

55 

• 2.9 

1.9 

1.0 

34 

5.S 

11.7 

56 

2.6 

1.6 

1.0 

3S 

5.0 

11.9 

57 

3.3 

2.0 

1.3 

40 

5.0 

11.5 

58 

4.0 

2.1 

1.9 

47 

4.4 

12.8 

Average 





11.8 
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specific turbidity calculated and compared with that of albumin from the same 
sera without acetone-ethanol precipitation. The figures in Table III show 
that, while there is a difference in the specific turbidities of albumin which has 
and which has not been precipitated by acetone-ethanol, these values bear a 
constant relationship to one another. This indicates that the cause of the low 
specific turbidity of albumin in acute infections cannot be separated from 
the albumin by acetone-ethanol and that it is due to a change in the precipitate 
itself. Such a change might either be the precipitation of varying amounts of 
some other substance (for example, carbohydrate or lipoid on the albumin- 
sulfosalieylic acid precipitate) or the presence in the albumin filtrate in varying 
proportions of two or more protein substances having different specific turbid- 
ities. Lipid contamination is unlikely to be the explanation since acetone- 
ethanol precipitation would probably remove much of this and the relationship 
apparent in Table III would not exist. 


w 

-a 

Cl 

o 

3 

O 


& ° 
CU 

4 


c* 

ca i 

H 

£ 

£ 

3 

H* 

5 

T+ 

a 


10 20 30 

Howe's Albumin - Nethanol Albumin 
H owe ' 6 Albumin 


40 


X 100 


Fig. 1. 


EXPERIMENTS WITH AQUEOUS-METHANOL FRACTIONATION OF SERUM PROTEINS 

Pillemer and Hutchinson 3 have shown that their method of fractionation 
gives an albumin .-globulin ratio which agrees more closely with that obtained by 
electrophoresis than does Howe’s method. Table IV gives the results of si- 
multaneous serum albumin estimations by the two precipitation methods together 
with the specific turbidities of both albumin fractions. 

It will be seen that sodium sulfate invariably precipitates less protein than 
t oes the methanol reagent, a result noted by Pillemer and Hutchinson The 
«i fie fence is small in normal cases (Cases 47 to 50), larger in cases of acute in- 
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r icta preci, ’ iiaicd ^ »« «»*«« m mi 

oolum of H . , S ,,01 '' i0 " is ratadalcd «* “ I»«oi,lnirc (Tabic IV, 

will, the L,,t sa " X ° llns » Part, it is seen to van- closely 

" lth tlle specific turbidity of the latter (see Pig. 1). ‘ 

of albumin scllef, 'IT C °T""' S f Tal,l ° W ™ «>'"P»red, the s „eeilie turbidity 
of IlZ's -S ' f V T a " 01 is »“« 'a !’» high and, unlike that 

"Io“X Z *r , T Tl “ turbidity of methanol 

”in), having a valtTof 1“ “ f °"" d l,a lo “' 

fraction f,a ' tl0 " s are thus distinguishable: (1) a methanol albumin 

«r ,S,rf mmUy: (2) I! »' re ' a Slahulin fraction of lo»- specific 
by sodiun’t s fr- ,e O r, PHm, ‘ i “ IIo "'°' s aiinimin because not precipitated 
the methanol rcam-tT 'T° ' a a ,ot,| anoI globulin because precipitated by 

this third friction t- i” 1 *^ '? s * )ct ‘^ lc tii rhiclit\- of methanol globulin is low, 

turbidity 0 f‘ IIowe\ nH ^ “ °T SPCC ' fic turbidi, - v too. The reduced specific 
this material * «" ~ * * * 


COMMENT 

fee.io'tTlTamZr ° £ "V'"''* ,ra ' ti »' 1 «' —1, <>at in eertain acute in- 
thfranZ aeeZnHshe T • " f 50 »* «”* * Howe 4 albumin. Since 
coincides° with sudd i " ' - lln a day 01 ‘ tv -'0 °f the onset of tile infection and 
lZ tTs fo ued re M Tf , ,'' C " ,a " 01 albl,mil >- ix « reasonable to suppose 
n ” m t rl u , ” 10,1 ° f Part of aib'mtin. This “modified 

1“ tuAwItv to ‘ k‘ S ST** ' >y thc " ,c,haa » 1 reagent and has a low 
Z of sodtm lifat a,bUD ""' * “ 1101 P « i » i ' atad V ■ ^ P- ~t sola- 

patients with aen.c infections. This 'stitanei 'tTT(h .X'ld 

Aveiy to be associated with the albumin fraction when globulin is precipitated 

kta“ZmI u t a ilC , b I T"!'7 h0reSiS P ' rflaa ”. Bullowa,' and Good- 
f + i * n ■ 4 * al pha-l globulin fraction. These observations su- 

fore-oinl Modifi^lh ^ T “ ** ^ m ° dified a,bumin described in the 
° ir i fied dlblinun - however, is not precipitated by 50 to 70 per cent 
atn atmn w,tl, sod.um sulfate as is C protein, aceording to MacLeod and Avery.- 
Lotstrom” has produced evidence that his nonspecific capsular swelling sub- 
stance » .dent, cal w,tl, C protem, but further work is required to confirm the 
strong presumption that these three substances are one and the same 


SUMMARY 

1. In the serum of patients with certain acute infections, a protein is present 
which differs from normal serum albumin and serum globulin. 

2. It appears during the first few days of the infection and is probably 
formed from serum albumin. 
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3. This “modified albumin” resembles serum albumin in that it is not 
precipitated by a 22.2 per cent sodium suli'ate solution, but resembles serum 
globulin in that it is precipitated by a suitable strength of methanol in water. 

1. The production of turbidity with sulfosalicylic acid and the estimation 
of the “specific turbidity” can be used in the investigation of a protein. 
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T IH3 presence of water in liquid form being a sine qua non of active life, 
the removal of water or, what is almost equivalent from a physiologic 
standpoint, its immobilization by freezing puts an end to detectable physi- 
ologic activity. Life, however, or at least viability, is not necessarily termi- 
nated, and this fact is the basis of several methods for the preservation of 
bacteria in an inactive condition for long periods. Probably the earliest use 
of this principle was made by Shattuck and Dudgeon in 1912. 1 Processes for 
preserving bacteria by desiccation after freezing were described by Rogers- 
111 1914 and by Swift 3 in 1921. Brown 1 ' 7 devised a simpler method using only 
desiccation in vacuo at room temperature, and first showed one of us (if. F., 
Jr.) how to use it. Brown 7 reported the survival of streptococci, diph- 
theria bacilli, pneumococci, and other bacteria for periods of from four to 
twelve years. A modification of his process was described by Leifson 8 in 1936. 
There is evidence!) to indicate that the principal function of the vacuum in 
these processes is that of speeding desiccation, which in turn stops autolysis 
and other intracellular processes which would prove lethal, although with- 
drawal of oxygen also doubtless reduces the rate of death of the desiccated 
cells. Any factors, such as higher and more rapidly produced vacuum, thinner 
layers of fluid, more effective dehydrating agents, etc., which speed up re- 
moval of water, add to the efficacy of the method and probably permit pro- 
longed survival of the more delicate organisms. 

In a study of Serralia viarcescens, Naylor and Smith 0 have shown that high 
percentages (99 per cent) of cells survive lyophilization if aerated, young 
cultures are suspended in a solution containing ascorbic acid, thiourea, NH,C1, 
and dextrin at pH 6 to 7. A high vacuum is necessary to high percentage 
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of survival. Attention is called also to the work of Stark and Herrington 
who published data on differences in resistance of various species to cliying 
in vacuo. Their remarks on free and bound water are of interest. Ralm 
has given an excellent review of data on the susceptibility and fate of bacteiia 
under desiccation and a discussion of the protective effect of various suspend- 
ing materials. It seems to be generally agreed that organic colloids have a 
protective action as a rule, while, in general, contact with oxygen lessens the 
survival time of the bacteria. In the present study no attempt was made to 
obtain data on numbers of bacteria surviving after various intervals. 

Several processes are in current use in which intracellular water is first 
immobilized by instantaneous freezing. The effect of this rapid freezing is 
vitrification rather than crystallization. 12 The water is afterward removed by 
producing a vacuum in the vessels containing the frozen material. This re- 
sults in sublimation. 13 ’ 14 The basic principle of this process was used by 
Sawyer and co-worlters 10 for the preservation of yellow fever virus in their 
early studies, and it proved highly effective. Instantaneous freezing followed 
by storage at extremely low temperatures (-76° C.) was shown by Turner and 
associates 10 - 17 to be a most effective means of preserving living Treponema 
pallidum and other spirochetes, as well as viruses, in status quo for long- 
periods. More recent studies have shown the applicability of freezing as a 
means of preserving protozoa and metazoa. 18 

The methods of Swift, of Brown, and of Leifson are not, so far as we are 
aware, satisfactory for long-time preservation of spirochetes and viruses, as 
is the method of Turner and co-workers, but a wide variety of other organisms 
may be preserved by desiccation in vacuo for many years without apparent 
loss of virulence or alteration of other important properties such as colonial 
form; motility; hemolysis, pigment or toxin production; morphology; staining 
and fermentative characters. Although a few reports of remarkable longevity 
of bacteria on ordinary culture media are to be found in the literature, 10 ’ 20 
the usual experience is that stock cultures die off in a few months if not trans- 
ferred to fresh media. This is inconvenient, time consuming, and expensive 
and induces alterations in the bacteria, as well as contamination. 

This communication is made to describe a simplified method for preserva- 
tion by desiccation in vacuo, modeled after that of Brown, and to show what 
may be expected of this simplified method. No claim to greater perfection 
of final vacuum or permanence of closure is made. The principal advantages 
are simplicity, availability, effectiveness, and low cost under a variety of con- 
ditions. The only special apparatuses needed are a good vacuum pump, such 
as the “Cenco Ilyvac,” and a By rex vacuum desiccator provided with a one- 
hole rubber stopper connected to the pump. A one-pint Mason fruit jar, about 
WO Gm. of CaCl, and 1 ounce of plasticine are the only materials needed for 
the desiccation. The bacteria are placed, suspended in sterile rabbit blood, 
— shcI 1 Vlals s by 25 mm.,* previously somewhat less than half filled with 

•Arthur It. Thomas Co.. CataloKUe No. 3CIS. 



• 1010 


FROBISHER, JR., PARSONS, PAI, AND IIAKIM 


"washed and ignited” sea sand, plugged with cotton, and sterilized (Pig. 1, 
A). A good supply of these vials prepared ahead of time makes the preserva- 
tion of bacteria in vacuo very simple indeed. The necessary steps are as follows: 

PREPARATION OF CULTURE 

1. The desired organism is cultivated on an agar slant of appropriate com- 
position. After good growth has developed, about 0.5 ml. of sterile, defibrin- 
ated or eitrated rabbit's blood is placed on the slant and the growth is scraped 
off the agar and emulsified in the blood. This yields a much heavier suspen- 
sion than would be obtained by desiccating a broth culture, and the blood, 
it is believed, when dried on the bacteria, forms a protective coating around 
them. Heller 21 has recently shown blood to be the best material for desiccation. 



Fig. 1. — A, Sterile vial; S, pipette; C, bloojed vial; X>, cotton; E. plasticine. 

2. A capillary pipette with 1 ml. rubber bulb (Pig. 1, B ) is used to take 
up the blood and transfer it to a sterile shell vial containing sand. The tip 
of the pipette containing the blood is gently worked downward through the 
sand until it is at the bottom of the vial and the blood is then made to rise 
slowly through the sand, thoroughly wetting it by moving the tip of the 
pipette about gently. Keeping the tip of the pipette at the bottom of the vial, 
one now withdraws as much of the blood as possible, leaving the sand grains 
coated with the bacteria-beai-ing blood. If too much loose blood is left in the 
vial, it forms a hard, solid mass when dried, which is very difficult to break 
up when making subcultures from the vial. It is well, therefore, to separate 
the sand grains somewhat by pushing them partly up the inner side of the vial 
with the tip of the pipette before finally removing it, so that the grains will 
not be glued together in a solid mass but can be taken out in small clumps 
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for subculture. When the sancl has thus been “blooded” and the excess blood 
removed, the cotton plug is replaced. 

3. The plug is pushed down in the vial until the upper half of the vial is 
full of cotton. With scissors, the protruding portion of the plug is clipped off 
aud the tip of the vial is singed so that no cotton fibers protrude (Fig. 1, G ). 
Otherwise they may cling to various objects and be pulled out. India ink 
labelling, covered with nail polish, is convenient. Adhesive tape may also be 
used as labels. Gummed paper labels are unsatisfactory. 

Desiccation . — 

1. In the Mason jar, from which the wire clamp has been removed, place 
about 100 Gm. of technical or C.P. granular calcium chloride. Over this place 
a ball of cotton sufficient to hold the calcium chloride in place (Fig. 1, D). 
On the cotton place the labelled vials. 



Fi S- 2. — Type of desiccator and arrangement of moisture traps and manometer. 


2. Roll some of the plasticine on the table into a cylinder with the diam- 
eter of a lead pencil (about 8 to 10 mm.) and just long enough to form a 
complete circle around the uppermost ledge of the jar. It is convenient to 
determine the proper length for the cylinder of plasticine beforehand by mak- 
ing two marks on the table. 

3. Put the plasticine in place on the jar (Fig. 1, E) and push it into the 
epression around the top, molding it about 5 to 8 mm. above the top and flaring 

? ghtly outward. Place the lid on the plasticine and press it down so that the 
lottom of the rim of the lid is about 2 mm. below the level of the topmost rim 

0 me jar. Smooth the plasticine all around and make sure that the closure 
is complete. 
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4. Insert a needle through the plasticine seal, pointing it slightly upward 
so that it will pass between the rim of the jar and the lid. This leaves an 
opening about 0.5 nun. in diameter for the escape of air. Be sure the hole 
is patent. 

5. Place the .Mason jar inside the vacuum desiccator, close the desiccator 
tightly, and draw the highest vacuum possible (Fig. 2). It should be at least 
within 0.1 mm. of barometric pressure. A folded towel should line the desic- 
cator to prevent breakage should the jar topple over. 

0. Stop the vacuum pump and, with a sudden jerk, withdraw the stopper 
of the desiccator so that there is a quick, copious inrush of air. The lid of 
the Mason jar is thus pressed down, occluding the needle hole and firmly 
squeezing the plasticine ring. The vacuum in the jar will be within a few 
millimeters of that originally present. This may be verified if desired by 
including a small, siphon, mercury barometer in the Mason jar before closure. 
They are not essential but are it useful guide at first. The construction and 
use of these barometers were described by Brown 4 and Leifson. 8 



Fig”. 3. — Method of handling knife in opening the evacuated jar. 

Recovery of the Culture . — 

1. A tube of broth is prepared by adding to it a drop of sterile defibrin- 
ated blood and a drop of sterile 10 per cent aqueous dextrose solution. Other 
media, appropriate to the bacteria involved, may be used. 

2. The effect of the vacuum in the jar is felt when an attempt is made to 
remove the cover. Force the blade of a large, strong knife (using the portion 
of the blade dose to the handle) between the edge of the lid and the shoulder 
of the jar. Rotate the knife on its long axis, lowering the back of the knife 
and keeping the blade firmly pressed between cover and jar (Fig- 3). A screw- 
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driver blade can also be used but may chip or crack the lid. A sudden hiss 
signalizes the destruction of the vacuum. Having removed the lid, scrape the 
plasticine together to smooth the surfaces and to use again. 

3. In preparing to recover the culture, partially remove the cotton stopper 
from the vial with a fine-pointed forceps. After this, handle the cotton stoppei 
as though it were in a diminutive culture tube. 

4. A fairly rigid wire is used to loosen the sand grains and to transfer a 
few of them from the vial to the broth. A two-inch length of No. 14 iron wire 
or an unfolded paper clip fastened to a needle holder will serve this purpose 
very well. After flaming the wire, allow a few moments for it to cool; then 
plunge it first into the tube of broth to be used for the subculture. This cools 
and wets it. 

5. Then introduce the wetted wire into the shell vial. By moving it about, 
a few grains of sand are loosened. These adhere to the wet wire and are 
transferred to the blood-dextrose broth. It is best to transfer about a dozen 
grains. 

6. The plug is replaced in the vial and it is resealed in the Mason jar as 
described. The blood-dextrose broth is incubated appropriately. Occasionally 
a longer-than-usual period of incubation (for example, forty-eight to seventy- 
two hours) is necessary. 

RESULTS 


During the period from 1925 to 1928 and at various subsequent times, one 
of us (M. F., Jr.) preserved, by the method described, several hundred cul- 
tures of various species of bacteria. Many of these were taken from the 
vacuum desiccating jars and tested for viability and cultural properties in 
1930 and 1936, but no report was made on the results of those studies. The 
present report includes the 1936 data and also results of tests of the same 
identical cultures, and of some others, made in 1946. Thus information is 
available on the survival of several species of bacteria when desiccated in 
vacuum for periods ranging from about one to approximately twenty-one years. 

The data may be briefly summarized as follows : of 42 strains of beta type 
hemolytic streptococci, only 6 failed to grow after eighteen years. All but 
2 of 20 strains of Brucella bronchiseptica grew after nine years and 1 lived 
seventeen years. Four strains of alpha type streptococci lived five years; 3 
tested after eighteen years were not viable. Of 8 strains of pneumococci, 5 
strains lived five years, 1 for nine years, 2 were not viable after nine and seven- 
teen years, respectively. Six strains of Streptococcus faecalis and Streptococcus 
li<{ue facials lived seven to nineteen years. 


Of 69 strains of the enteric group, survival of Eberthella typliosa and Sal- 
monella and Shigella species was generally noted after seven years, many 
strains survived nine years, and 1 strain of Eberthella typliosa was alive after 
eighteen years. Proteus, Aerobacter, and Escherichia and paracolon strains in 
general lived three to nine years. All of 24 Staphylococcus strains were viable 
a er nine years and all of 15 tested survived nineteen years. Hundreds of 
s rains of Coryncbacterium diphthenae of all types have survived thirteen years. 
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Genera generally surviving at least live years are Sorratia, ilicrobacteriinn, 
Pseudomonas, GalTkya, Brucella abortus (1 strain only four years), Spirillum 
rubrum, and Lactobacillus. Species not surviving one year were pathogenic 
Neisseria (six weeks to three months), Brucella mclitcnsis and Brucella suh 
(three months), Hemophilus pertussis and Hemophilus injlucmac (six weeks or 
less) . One strain of Parapertussis bacilli tested after six weeks was found viable. 

It may be said of all surviving organisms that the principal distinguishing 
characters remained unaltered in any respect. .Apparently these organisms 
had been wholly unaffected by their long dormancy. 

It should also be emphasized that, with the few exceptions noted, all of 
the organisms listed here will remain viable without difficulty for at least a 
yeai‘, thus tiding over intervals between class demonstrations very conveniently. 
They also remain viable in spite of repeated opening and reclosing of the jars. 
These facts are perhaps of more practical interest than the survival of some 
species for twenty-one years or more. When stock cultures arc constantly in 
use, it is more convenient, of course, to maintain them on slants in a vegeta- 
tive state. 


summary 


A method of preservation of bacteria in vacuo with simple materials is 
described. It is evident that, for many species, the method is a desirable sub- 
stitute for maintenance of vegetative stock cultures and has many important 
advantages, such as simplicity, economy of time, labor, refrigerator space, and 
materials, as well as stability and portability of the cultures. A few species, 
such as pathogenic Neisseria and Ilemophilus, did not survive long under the 
conditions described, but many others survived for periods ranging from one 
to twenty-one years. 
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DESCRIPTION OF APPARATUS AND .METHOD FOR DETAINING 

NASAL WASHINGS 

Lkox T. Atlas, -M.D.,® Bktuksda, -Mo. 

A ^ LUhi beginning of an investigation of the etiology of minor upper re- 
/x spiratory diseases, it became evident that a new method was required for 
obtaining nasal washings. . After several attempts at collecting washings by the 
usual method (instilling material into the nostrils, gargling, and expectorating), 
the unpleasantness experienced by the donor was of sufficient magnitude to 
warrant investigation of a new method. 

It is known that t lie anatomy of the nose and nasopharynx is such that mate- 
rial instilled into one nostril can be evacuated from the other by suction with- 
out interfering with oral respiration. This is the basis for the ‘‘nasal douche 
with suction, ’ ‘ Nichols nasal siphon,” and similar therapeutic aids which 
have enjoyed varying popularity for giving comfort to individuals with ob- 
structed upper respiratory passages. Such procedures usually require the 
patient to close off the posterior nasal space by elevating the soft palate and 
uvula against the posterior pharyngeal wall. However, with the subject 
supine and head extended 20 degrees or more (Fig. 1), fluid cannot readily 
pass into the larynx and trachea, despite the position of the soft palate and 
uvula, and in our experience the method is innocuous. An apparatus utiliz- 
ing such a procedure was devised and in numerous trials has proved quite 
satisfactory. 

lhe equipment is relatively simple, consisting of a sterile apparatus, a 
frame, and a source of negative pressure. 

The sterile apparatus .(Fig. 2, A and C) consists of two L-shaped glass 
tubes with 4 by 4 inch legs (F) and 2(4 by 4 inch legs (A'), inserted into two 
openings of a three-hole No. 5 black rubber stopper (lx), with the third opening 
containing a 6(4 inch long glass tube (-i) connected at its upper end by a 1(4 
inch flexible tube (-4 if) to a three-way metal stopcock (SC). A ltF/g inch 
long flexible tube (if) connects the outlet of the stopcock with a nasal tip 
(T-l) by means of a 3(4 inch glass tube (C). A similar nasal tip (T-2) and 
glass tube ( D ) is attached to a 9 inch long flexible tube (E) connecting with 
the end of the left lateral L-shaped tube (F). Nasal tips (T-l) have been 
made in three sizes from red rubber serum bottle stoppers by grinding down 
the sides. 

All glass tubing is 7 mm. diameter Pyrex, annealed after bending. Flex- 
ible tubing may be of rubber or plastic but should be resistant to autoclaving 
and moderate negative pressure. 

•Assistant Surgeon (R). 

From the Division of Infectious Diseases, National Institute of Health. 

Received for publication, May 10, 1917. 
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In use, the set (wrapped as a unit and stev'di'/.ed by autoelaving) is un- 
wrapped and inserted by the rubber stopper (R) into a 100 ml. round-bottomed 
Pyrex centrifuge tube (or equivalent) ( G B ) containing 50 ml. of sterile nasal 
washing menstruum. A sterile 30 ml, syringe (preierably Luer Lock) (&) is 
attached to the stopcock. 

The plywood frame (Fig. 2, B) for holding together and protecting the 
apparatus has a gun-shaped pattern. A % inch thick plywood block (L) 
with a lVs inch diameter hemispheric depression and a rectangular opening 
(1/) 1% by 5 1/ 2 inches support the centrifuge tube. A % by 4% .inch rec- 
tangular opening (A r ) holds the barrel of the 30 ml, syringe. Three small- 



grooved pieces of wood {II -1, II-2, and II-3) support the tubing. They are 
secured to the frame by one screw apiece, which allows them to lie turned to 
ht the tubing in the best possible manner. Attached to the base of the frame 
is a li/ t inch diameter by Vi inch thick threaded brass tripod socket (Fig. 2, C, 
LS'). A sturdy camera tripod with telescoping legs and a good pan head is of 
value m supporting the apparatus at precisely the optimum position beside 
ic donor’s nose. Rubber bands conveniently secure the set to the frame, so 
•at varums-sized syringes and types of tubes containing nasal waslmm men- 
struum can be easily interchanged. c 




PYREX GLASS. ANNEALED 
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A source of suction has been conveniently supplied by 
adapters for various-si/ed water faucets. 'Die optimum 
from 5 to 7 nun. of mercury. 


■ a water pump with 
negative pressure is 


TKCIIXIQL’i: OK OI’ltKATIO.V 

The equipment is assembled as shown in Fig. 2, ('. The sterile apparatus 
is unwrapped and the rubber stopper (/<’) inserted into a tube (/’/'’ ) contain- 
ing sterile nasal washing menstruum. A sterile :><) ml. syringe (B) is attached 
to the stopcock, llubber bands are used to mount the assembly on the plywood 
frame. 



Fie. 3. 


The suction tube (T) is connected to the source of negative pressure. 
This is adequately tested by manually clamping tube E with the stopcock 
lever down (Fig. 4, B, position a ) . At the proper negative pressure, the 50 
ml. menstruum begins to froth violently without, however, climbing into the 
L-shaped tube (X) connecting with suction. 

The donor is requested to lie on the back with the head extended 20 de- 
crees or more below the horizontal plane of the shoulders and body (Figs. 
1 and 3). With the donor’s head rotated to the side of the apparatus, nasal 
washing fluid can run out the side of the mouth into a sterile beaker should 
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the suction fail and the patient l)e unable to close off the posterior nasal recess 
by the soft palate and uvula. The nasal tips .(Fig. 2, C, T-l and T-2) are 
gently hut snugly inserted into the external naves and the donor instructed to 
breathe through the mouth. Usually tire nasal tips must be kept in place by 
the operator, the donor, or an assistant. 

Nasal washing is obtained in the following manner (Fig'. 4) : 

1. With the stopcock lever up (Fig. 4, A, position c), the donor can 
usually feel the negative pressure. He is instructed not to swallow the 
menstruum. 

2. With stopcock lever down (Fig. 4, B, position a), 30 ml. of nasal 


washing menstruum is drawn into the syringe. 

3. Stopcock lever is turned to horizontal (Fig. 4, C and », position 1>) 
and the material in the syringe is slowly emptied into the upper nostril, the 
posterior nasal recess of the nasopharynx, and through the lower nostril back 
into the apparatus (Fig. 1 and Fig. 4, C and D). When the syringe is free 
and the suction working well, the syringe will empty itself at the proper rate. 
Usually, however, the syringe must be manually operated. If the nasal wash- 
ing menstruum is pushed through too rapidly (particularly if the suction is 
not adequate), fluid may overflow at the nasal tips, perhaps flow into the oral 
pharynx (where the patient may swallow it or expectorate it into a sterile 
beaker), or flow into the nasolacrimal duct to the eye. 

Steps 2 and 3 are repeated as many times as desired. Utilizing this pro- 
cedure, it is not difficult to circulate rather quickly 30 ml. amounts of men- 
struum through the nasal passages eight to ten times. 

4. When the nasal passages have been sufficiently washed,- the stopcock 
lever is turned up (Fig. 4, E, position c) so that the negative pressure cleans 
out both nostrils. The donor is instructed to inhale, sit up, and expectorate 
the material from the throat into the sterile beaker immediately after the 
nasal tips are removed. Usually, the expectorated material is only mucus 
showing no trace of the nasal washing menstruum. Often, however, the sinuses 
have been irrigated by the the washing procedure and a few milliliters more 
washing can be collected by having the donor flex the head and blow one side 
of the nose and then the other into the sterile beaker at intervals for two to 
five minutes. 

The apparatus may he tipped slightly, if necessary, to capture the last 
few drops of mucus in the tubing. Suction is discontinued. The apparatus 
is disconnected from the tube containing the washing by pulling out the rubber 
stopper ,(Fig. 2, C, R). The material collected in the beaker may be poured 
into the tube if desired. The container (Fig. 2, C, CF) is closed by inserting 
a sterile No. (i rubber stopper. Spraying with a vasoconstrictor will maintain 
the patient’s comfort for a number of hours. This lias not been necessary 
"’hen sterile skim milk was used as the nasal washing menstruum. 

Sterile skim milk has been the menstruum used for the routine nasal wash- 
ings because many rickettsial agents survive longer and withstand freezing 
and drying better when protected by milk. 1 - = Since a quantity of mucus lias 
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been present in most washings, homogenization in a Waring blendor or by hand 
has been routine. After centrifuging (to remove cellular debris), quick freez- 
ing, and storing at -50° C., washings are used for the inoculation of em- 
bryonated eggs, human volunteers, and various laboratory animals. 

DISCUSSION AND SUMMARY 

An apparatus and method for obtaining nasal washings is described. The 
apparatus and the method of its use have proved quite satisfactory during 
numerous trials. No complications have resulted from obtaining nasal wash- 
ings in this manner. 

Advantages of such a procedure are as follows : 

1. It obtains washings from the nasal passages without serious contami- 
nation from oral material. 

2. Washings reach areas in the nasal passages (such as sinuses and 
nasolacrimal duets) not usually reached by previous methods. 

3. Friable epithelial cells and cellular debris in nasal passages are col- 
lected more effectively by recirculating the washing material eight to ten 
times. The etiologie agents sought may be present in this cellular portion. 

4. Washings are easily and efficiently collected. 

5. Procedure is not as unpleasant as previous methods, and donors 
report a feeling of well-being and “clearheadedness” following the washing. 
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immune Rh antiserum and immediately centrifuged at high speed, there is gioss 
agglutination which is not readily broken up. On the basis of this observation, 
the following technique was established: 

A potent hyperimmune serum (with alpha and beta antibodies 
neutralized) is diluted with several volumes of 20 to 30 per cent bovine 
albumin. One drop of this mixture is placed in a small agglutination 
tube. An applicator stick is thrust into the clotted or oxalated whole 
blood to be tested and enough cells carried over to the agglutination 
tube to make a moderately heavy suspension in the drop of serum.* 

.(If preferred, a small drop of a suspension of cells in their own serum 
or in saline may be used, taking care that the concentration of albu- 
min in the final mixture does not fall below 15 per cent.) The tube 



Pig. 1.— The 
nil-positive cells. 
Eetterman General 


Rh test, ready to read. Tube on the left shows gross agglutination of 
Tube on right shows smooth suspension of Rh-negative cells. (Courtesy 
Hospital Photographic laboratory.) 


is shaken to insure mixing and without preliminary incubation is cen- 
trifuged at high speed for two minutes. It is then shaken gently and 
the sediment examined for agglutination. Rh-positive cells show 
gross clumping which is not readily broken up. Rh-negative cells re- 
main perfectly smooth, without rouleaux (Pig. 1). 


Since this technique was introduced into our laboratory, where it has been 
used in parallel with one of the standard methods, it has proved entirely re- 
la } e * n more than 1,000 tests. It has been found so easy to handle that even 
mu least skilled technicians have had no trouble with it, and its great speed 
ms on several occasions proved invaluable to us. 

. . Ce ^' tain precautions are necessary in choosing a suitable serum for use 
-1L!_ US technique. Sera with an initial titer in albumin of less than 1,000 are 

Rlooa*Bi'i l ,k. P San 0 Mateo t . h CaUf. hnlqUC "' aS susse3te '’ b V ^Iiss Evelyn Tennis of the Community 
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seldom satisfactory, and the final titer should not be behnv 100. Even among 
sera of adequate titer some will be found which are insufficiently avid to give 
satisfactory results, and these sera must he eliminated by trial and error. 
Care should likewise be taken to standardize the serum as to specificity, for, as 
shown by Diamond 1 and Ilattersley,* hyperimmune antibodies of Rh' (C of 
Fisher) and Rh" (E) specificity not infrequently occur, mixed with the more 
common Rh u (D) antibody. 

It is felt that if these few precautions are observed this rapid technique 
should prove of considerable value, particularly in laboratories such as ours 
where speed and ease of Rh typing are at a premium, and should render it 
increasingly practical to determine routinely the Rh type of all transfusion 
eases. 


SUMMARY 

A new technique of Rh typing is described. It utilizes the readily avail- 
able Rh “blocking” serum and has the advantage of speed and of ease of read- 
ing. It has proved entirely reliable in a series of over 1,000 bloods. 
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PHOTOELECTRIC DETERMINATION OF MAGNESIUM IN' BODY FLUIDS lUdl 

tivitv of measurement as determined with the Coleman Junior Spectrophotom- 
eter is greatest at 540 millimicrons. A filter with the maximum transmittance 
at 540 m/x was used in the routine determinations with the Evelyn colorimeter. 

Recover y Experiments . — Serum was obtained from various species by al- 
lowing freshly drawn blood to clot and storing it in the refrigerator for a few 
hours. Each sample of serum was analyzed for magnesium according to the 
technique described. Known amounts (10 to 20 yg per milliliter) of magnesium, 
as magnesium sulfate, were then added to the serum and analyses were run to 
measure the recovery of the added magnesium. Data were obtained from 
twenty-four determinations on twelve different serum samples. The mean 
recovery of the added magnesium was 99.84 per cent, with a standard deviation 
of ± 1.44 per cent. Whole blood was oxalated by means of potassium or 
sodium oxalate. The procedure used in the recovery experiments was the same 
as that used with serum, except that 20 to 40 yg of magnesium were added. 
The mean recovery of thirty-seven determinations on twelve different blood 
samples from different species was 99.47 per cent, with a standard deviation 
of ± 1.32 per cent. 

Urine obtained from male adults was used in the recovery experiments. 
The mean recovery for ten determinations of added magnesium to ten samples 
was 99.65 per cent, with a standard deviation of ± 2.22 per cent. 


Table I. Recovery of Magxesiuji Added to Samples of Serum, "Whole Blood, axd Urixe 



SEKl’M 

WHOM-: BLOOD 

VJtiSE 

Number of samples 

12 

12 

10 

Number of determinations 

24 

37 

10 

Mean per cent magnesium recovered 

99.84 

99.47 

99.65 

•Standard deviation 

±1.44 

±1.32 

±2,22 


In all recovery experiments there was no constant error in the method since 
the per cent recovery was neither consistently above nor below the expected 
value. 


Ten samples of serum were independently analyzed by the described 
method on different days by two different analysts using two entirely different 
sets of reagents. The correlation coefficient between the magnesium values 
obtained by the two different individuals was ~ 0.985. Also in analyses of ten 
samples of whole blood, different amounts of filtrate (3 to 5 ml.) were used and 
a correlation coefficient of -f 0.961 was obtained. There was no constant error, 
for the values obtained using smaller aliquots were neither consistently above 
nor below the values obtained using larger aliquots. 


Remarks. — Calcium and phosphate ions interfere, but fortunately these 
su )stan ces have not been found to be present as blood components in concen- 
t rations that appreciably influence the results. The calcium concentration, 
as reported by Gillam, 4 in order to interfere must be at least 500 yg per milli- 
‘ ei 111 tlle solution that is read photometrically. The phosphorous concentra- 
ion must be kept below 100 yg per milliliter since it interferes by buffering 
lu so utlon aU( I lowering the hydroxy] ion concentration. If in urine, for 
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example the urine of a calf receiving 011I3' a milk diet for some time, the phos- 
phorus-magnesium ratio is wider than 200:1, the method described in this 
paper is limited to a semiquantitative determination. If sneh urine is to he 
analyzed, the technique for soil extracts described by Gillum* is recommended. 

The hydroxyl ion concentration must be carefully controlled. The higher 
the hydroxyl ion concentration, the greater the density of the solution. Acid, 
base, or buffering solutions (hydroxylamine hydrochloride solution) must be 
added carefully so as to insure the same amounts in the unknown sample as ill 
the blank. In the method described by Garner the alkalinity of the unknown 
was greater than that of the blank, for the method did not take into account 
the trichloracetic acid removed from t lie solution by the precipitation of the 
proteins. The values were higher than those obtained when the trichloracetic 
acid had been removed. 

The temperature of the solution affects the optical density of the solution 
and must be controlled. The specific temperature is not of importance but 
the unknown sample should he read at approximately the same temperature as 
the standards. It is more convenient to adjust to room temperature; therefore 
the temperature selected was 25° C. 


Table II. The Magnesium Context of Whole Blood axd Pi-vs.ua 


SPECIES 

WHOLE BLOOD j 

1 J’LASMA OR SERUM 

X UMBER 
OF 

ANIMALS 

AVERAGE 

(MO./ 100 

ML.) 

RANGE* 

(MG./100 

ML.) 

NUMBER 

OF 

ANIMALS 

AVERAGE 

(MG./100 

ML.) 

RANGE* 

(MG./100 

ML.) 

Human. being 

6 

3.S2 


G 

2.1-1 

0 02-2,22 

Sheep 

G 

2.79 

2.G 1-2.92 

G 

0 oy 

2.02-2.-17 

Babbit 

7 

5.23 

-1.72-5.73 

G 

2.15 

2.05-2.97 

Pig 

G 

5.2G 

5.03-5.G0 

St 

2.-16 

2.20-2.S4 

Cattle 

G 

2.01 

1.95-2.09 

•lot 

2.13 

1.23-2.75 


•Range refers to observed concentrations. 
fSerum. 


Magnesium Content of Blood . — The magnesium content of whole blood and 
plasma or serum from five different species has been determined by the method 
reported here. The bloods were collected at random from healthy individuals 
and animals. The results (Table II) show that the concentration of magnesium 
in the plasma or serum varies little among the different species. There was 
considerable variation in the magnesium content of whole blood. The mag- 
nesium content of the whole blood of the rabbit and pig was around 5.24 mg. 
per 100 ml., whereas for cattle and sheep the values were less than 3.0 mg. per 
100 milliliters. In the human being, sheep, rabbit, and pig the concentration 
of magnesium in the whole blood is greater than that in the plasma or cells. 
These observations are in accord with reports on the distribution of magnesium 
in the blood of cattle'* and human beings. 3 

summary 

A method has been described for the photoelectric or spectrophotometric 
determination of the magnesium content of serum, plasma, whole blood, erythro- 
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cytes, and urine. The blood proteins are precipitated by means of tungstic 
acid, and the magnesium is measured by the amount of the red magnesium 
liydroxide-titan yellow complex produced. The mean recoveries of added mag- 
nesium ranged from 99.5 to 99.8 per cent with whole blood, serum, and urine. 

Data are presented on the magnesium content of whole blood and plasma 
for the human being, rabbit, pig, sheep, and cattle. 
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RAPID TITRIMETRIC MICROMETHOD FOR TIIE DETERMINATION 
OF NONPROTEIN NITROGEN 


F. Rappaport, Ptr.D., and F. Exciihokn, M.D. 

Pkt.ui Tiqua, Palestine 

I T IS possible to determine the nonprotein nitrogen in whole blood, serum, or 
plasma within a few minutes with the accuracy of the Kjelclahl method 1 but 
without the troublesome digestion and distillation. An alkaline liypobromite- 
borie solution is added to a protein-free filtrate and the excess of bromine is ti- 
trated iodoraetrically.®* a Boric acid has been added to the deaminating solution 
to prevent any interaction between the bromine and the glucose present in pro- 
tein-free filtrates, since even large amounts of glucose are bound by boric acid. 
Not only ui’ea and ammonia, but all physiologic amino compounds are included, 
the latter being deaminated simultaneously. Even amino acid mixtures ob- 
tained by protein digestion with trypsin in the preparation of broth give 
identical results using this and the Kjeldahl method. Indole compounds which 
contain nitrogen in their ring system do not affect the result since normal blood 
contains only traces of these compounds. 4 Even in uremia, indole compounds 
do not interfere since their nitrogen contribution does not rise above 0.4 to 0.5 
mg. per cent. 

METHOD 

Reagents . — 

A. Deproteinizing Solutions: 

1. Dissolve 20 Gm. sodium sulfate anhydrous in water, add 69 ml. of % N 
sulfuric acid and fill the flask with water to the 1,000 ml. mark. 

2. Dissolve 5 Gm. sodium sulfate and 8.3 Gm. pkosphomolybdic acid in 
about 200 ml. water; add 20 ml. of 5 N sodium hydroxide solution and boil 
gently over a burner for thirty minutes. Cool ; add 10.6 ml. of concentrated 
sulfuric acid, then 10 Gm. cadmium sulfate, and make up to final volume of 
1,000 milliliters. 

Cadmium sulfate has been added to the deproteinizing solution in order 
to precipitate compounds which would evolve hydrogen sulfide and which would 
therefore use up relatively large amounts of bromine. However, cadmium 
sulfate precipitates all surf ur . compounds. 

B. Preparation of Deaminating Reagent: 

1. Boi’ic acid solution. Dissolve 84.5 Gm. boric acid and 15.6 Gm. so- 
dium hydroxide in about 500 ml. water and boil for thirty minutes. Cool and 
make up to one liter. 

2. Sodium fluoride solution saturated. 

From the Beilinson Hospital. 

Received for publication. April 13, 1017. 
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3. Sodium hydroxide, 27 per cent. Made by dissolving 27 Gm. in 100 ml. 
of water. 

4. Bromine solution. Dissolve 20 Gm. potassium bromide in about 50 ml. 
water; add S Gm. (2.5 ml.) pure bromine; mix until bromine dissolves and 
make up to one liter. 

If it is more convenient, the bromine solution may be made as follows : 
Dissolve 32 Gm. potassium bromide and 2.8 Gm. potassium bromate (KBr0 3 ) 
in some water in a liter volumetric flask ; add 100 ml. of normal sulfuric acid 
and after waiting for thirty minutes, fill up to the 1,000 ml. mark with water. 

5. Boric acid-fluoride mixture. Mix 5 parts boric acid solution (1) with 
3 parts sodium fluoride (2) and 1 part 27 per cent sodium hydroxide (3) 
[for example, to 250 ml. (1) add 150 ml. (2) and 50 ml. (3)]. This mixture 
keeps well. 

6. Deaminating reagent. Just before use add 1 part of bromine solution 
to 9 parts of boric acid-fluoride mixture. 

G. Titration Reagents: 

1. Sodium thiosulfate N/200. 

2. Potassium iodide crystals. 

3. Starch solution 0.25 per cent. 

4. Hydrochloric acid 18 per cent .(Approximately 5 N). 

Procedure. — Pipette 2.9 nd. deproteinizing solution (Al) into short, stop- 
pered test tubes. With a capillary pipette add 0.1 ml. blood directly from 
finger and lake by repeatedly drawing fluid in and out of the pipette. Add 1 
ml. of deproteinizing solution (A2). Mix, let stand five minutes, and then 
centrifuge or filter (0.2 ml. blood may be used with 5.8 ml. deproteinizing solu- 
tion, and 2 ml. of phosphomolybdic acid). 

Into two wide test tubes or flasks, pipette 3 ml. of clear filtrate and 5 ml. 
of deaminating solution. Mix and, after two minutes, add a few crystals of 
potassium iodide and 2 to 3 ml. of hydrochloric acid to each sample and titrate 
with N/200 sodium thiosulfate until yellow ; finally, add a few drops of starch 
solution and titrate until disappearance of the blue color. 

As a blank, mix 3 ml. of deproteinizing solution (1) with 1 ml. of depro- 
teinizing solution (2) ; take 3 ml. of the mixture to add to 5 ml. of deaminating 
solution and titrate with the thiosulfate solution. 

, Calculation. — Since 2NH 3 + 6Br = 6HBr + N,, one atom of N is equivalent to 
3 atoms Br. Thus 1 ml, N/200 thiosulfate is equivalent to 

H (atomic weight K) 100 

3 x 200 ~ 0.0..33 mg. 0.075 sanl pi e US ed) x 0.0233 = 31.1. 

L ' tile milliliters of thiosulfate used for the blood sample, subtract the 
milliliters used for the reagent blank, and obtain the milliliters actually used 
y the blood sample. Multiply this by the factor 31.1 to obtain the nitrogen 
m milligrams per cent. 
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HAPPAI’OKT .VXD Kicmioux 


Reagents .-. a..™ { x.vt K method 

A- DoprotemUing Solution (Mod, lied Abraham™,', 

^ ■? « «»• 

- - 2 - -- =2 “ 

tube P “iroT e S m ( /“V * e r Mn * ne * (>h ! tio " A ^ a *■* test 
minutes, centrifuge or til ter! ^Ph!! 4 °°? f 5°“ I ca P ,,lar y pipette. After five 
eontinue with deamination -md J'H m 1 ” !,*•* ^ eUl ’ hltrate in smother tube and 
a blank, use 4 nd 0 r )t ‘ , “ . th,OSU,lat * titration as described. As 

: 0U a,Ul 5 mL 0f *“» -ting -solution, 

fate used in the blank determin-itin'' 1 ° 1 milliliters of X/200 sodium thiosul- 

and multiply bv 29.75 -is -t f-i-t °!\ t . 1U !u,,0unt l,set i by the blood sample, 
grams per cent" since 0 07S4 in I F n° tl> ° aniount ot ’ nitrogen in milli- 
determination. ' ' ° b 00(1 w tllc amount of blood used in the 

SUMMARY 

for the estimation of ' ,, '.‘ etl ' U promhl, ' c Jia -s been described 

Since this method does not reouire ,. g<?11 . 1U Serllm > P ,asn,a . °r whole blood. 
™any errors are avoided ^ 

BmutlnxATioTw Metiioi> yon 


NUMBER 


MICUO-KJEI.D.VHI. METI10D1 

(MO. 1-Ell IQO ML.) 


190 

213 

31.1 

31.1 

la.;> 

23.3 

ISM 

44.0 


PRESENT METHOD 
(MO. PER 100 ML.) 


199 
215 
32 M 

29.5 

14.5 
23.3 
17.1 

43.5 
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FIBRIN APPEARANCE TIME 


A Rotating Tube Method fob 


Estimating the Clotting Time of the Blood 


Murray J. Wiener, M.U., and Shepard Shapiro, M.D. 
New York, N. Y. 


T HERE is great need for a test to reflect more reliably the fine alterations 
in the over-all picture of the coagulability of the blood than is possible by 
current methods. The results are influenced especially by (1) the constituents 
of the blood, (2) crude technical manipulation, and (3) uncertain criteria for 
fixing the time of clotting, the end point. Items 2 and 3 are amenable to control, 
and a technique which would make them more constant or precise would yield a 
more critical test than those in general use. 

Considerable variation in the content, or activity, of one or more factors 
in the clotting process may occur without demonstrable alteration in the 
coagulation time, as it is commonly determined. This is well demonstrated in 
dicumarol- or salicylate-induced hypoprothrombinemia. It is possible, however, 
that a more sensitive test would refleet regularly the inhibition of the clotting 
process in the presence of reduced activity of a single component such as 
prothrombin. 

In the manipulation of the blood specimen there are two major factors 
which alter the coagulation time: (1) the nature of the container and (2) 
trauma to the formed elements of the blood. 

Nature of the Container . — When kept in “nomvettable” vessels, blood may 
clot more slowly. This can be controlled by using the same type of vessels of 
approximately equal size and smoothness at all times. Inconstancy in the rela- 
tionship of glass contact surface to total volume of blood will give considerable 
alteration in clotting time. Thus, by the Howell technique, using 21 mm. 
diameter tubes, the clotting time of normal blood may extend to sixty minutes ; 
by the Lee-White method, using tubes of 8 mm. in diameter, the normal range 
for blood coagulation is from four to sixteen minutes; by the capillary tube 
methods, with tubing of less than 1 mm. in diameter, the normal clotting time is 
likewise highly variable. Nor can blood lie poured indiscriminately against the 
glass surfaces of tubes without affecting adversely the reliability of the test. 
This can lie demonstrated by comparing the Lee-White clotting time of a slightly 
tilted and of a fully tilted set of tubes. We have observed that not only the 
frequency and angle of tilting, but also the constancy of direction of tilting 
make a difference in the clotting time. 

Trauma to Blood Constituents . — Blood which is forced under pressure 
through a small aperture, or is shaken or stirred, will clot promptly due to 
trauma to the formed elements, especially platelets, and to the liberation of the 
coagulating factors into the blood sample. To obviate this, it is essential that the 
>1<kh1 b e transferred consistently and gently. 


Island* ,n ! !! ?. L h l , (Ne "' York University) Division. Goldivater Memorial Hospital 
an,! mil the Department of Medicine. New York University College of Medicine 
Keceived fur publication. March 5. 1947. 
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WIENER AND SHAPIRO 


Lee-White Coagulation 'Test . — If a tube containing blood is tilted at regular 
intervals, the viscosity of the blood increases gradually until it forms a gelatinous 
mass which projects above the liquid portion when the position of the tube is 
changed. Later, the blood solidifies except for a small amount of liquid at the 
rim. Eventually, when the whole mass becomes solid enough to permit inversion 
of the tube without spilling, the end point is reached. Frequently the end point 
remains in doubt for several minutes, adding to the crudeness of the procedure. 
Tin's difficulty is magnified in cases of disturbed clotting found in heparin 
medication and in blood d.vscrasias. 

FIBRIN APPEARANCE TIME 

The following procedure minimizes the variables noted previously by pro- 
viding (1) a nontraumatie manipulation, (2) constant agitation, and (3) a pre- 
cise end point. 



Fig. 1. — Photograph of apparatus showing tube attached to motor (see text). 


In its liquid state, a small quantity of unmodified blood will remain, by 
virtue of its cohesive force, in a concave smooth container in the form of a large 
drop and will not attach itself to the surrounding surface. The instant blood 
commences to clot, fibrin forms and, because of its adhesiveness, clings to the con- 
tainer wall. This change is immediately detectable if the blood is contained in a 
transparent tube rotating at a slow and constant rate. Then, when fibrin forms 
it attaches to and climbs with the rising wall. 

Apparatus (Fig. 1). — 

1. A transparent tube of glass or plastic material about 11 mm. in diameter 
with a bulbous dilatation at one end from which there extends an eccentrically 
directed opening for the introduction of the blood sample. 

2. A motor which rotates at a constant slow rate of about 1 revolution per 

minute. 
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3. An attachment to the shaft of the motor to hold the tube (Fig. 1). 

Procedure.— A sample of blood is obtained by smooth venipuncture. At the 
instant of venipuncture the stop watch is started. One-half of one milliliter, 
about 8 drops, is immediately introduced into the bulbous end of the tube, which 
is attached to the shaft of the motor, and the motor is started. The blood forms 
into a large drop which remains in the well of the bulb. As soon as fibrin forms, 
the strands adhere in a growing mass to the surrounding bulb and climb with the 
rising wall. This appearance of a continuous mass of fibrin is the end point. 

In one hundred estimations, made in eighty normal individuals, in which 
the rotating tube was subjected to the heat of a strong electric light, the time of 
fibrin appearance varied between 3.5 and 5 minutes. In thirty-one tests made 
in an ecpial number of eases at room temperature there was an average deviation 
of 33 seconds from a mean of 5 minutes and 18 seconds. We accept 4 to 6 
minutes as the normal range at room temperature. In all normal cases in which 
blood was drawn gently after smooth venipuncture, the clotting time fell within 
the above range. 4 

A comparison was made of the clotting time of blood by the Lee- White 
method and the rotating tube method. Specimens of blood were obtained by 
“clean” venipuncture on twelve patients with a variety of chronic diseases. 
Each sample was divided instantly, appropriate cjuantities being used for the 
respective tests. The average results obtained are shown in Table I. 


Table I 



average time 

AVERAGE DEVIATION 
prom; ilEAN 

% DEVIATION from 


(MIN.-.SEC.) 

(MIN.: SEC.) 

AVERAGE 

Rotating tube 

5:15 

0:39 

12 

Lee-White 

10:38 

2:36 

24 


From these data it can be seen that while the average clotting time by the 
Lee-White method is only twice as long as that by the rotating tube, the average 
deviation is four times as great. 

The figures obtained are shown in Table II. 


Table II 


ROTATING j LEE- WHITE 


1 

5:00 

14 

2 

0:20 

14 

3 

5:50 

13 

4 

5:20 

12% 

5 

6:15 

8% 

6 

4:45 

11 

7 

4:05 

5% 

S 

4:10 

S 

9 

5:25 

7 

10 

11 

5:00 

0:10 

8% 

13 

12 

4:45 

12.5 
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\\ii:ni;k and .siiaimro 

l««-« «».»! forrclation W,„„ 
Fi))rin\Dno-,rl„, u /,hr,n “prance in the rotating tube (F i, 2) 

ing dicuLaroUheripv but lli ^‘/ V,nhin ‘--stimatmius in follow 

thrombin time estimations to about evorv ly dav ^ PI , ' CtW ’ mi C ^'" UaI 1U °' 
taken daily at the bedside It ■ i , ‘- v b d,nu appearance tune is 

minutes at the dieumarol therapeutic leveJ ,U, h ! ,WO,,,e I,r0,0n " cd to ;l!,mit te “ 
than the prothrombin time U soon as th n-^ J '° r, " aI more l M ' ond)tl - v 
normal the prothrombin estimation ' n ,l "• appe ; i, ‘" K ‘ 1, timc boeomcs 
dieumarol is determined from « 

180 — 

(Dieumarol medication > 

160 r- 1100 mq — \ [ 


0 MO- 
£ 

120 

_ 05 

1 C 100 - 

go 80- 
£22. 

•S 60 - 


Diluted (l2 5/o^ plasma 


"Whole plasma 


a 

e 

D 10- 

2 o /-n - 

|c£e- 

a i 

a. 4- 
o L 

i 


•/Normal range/ 




345 *io ~iTn i3 ~7rirKyr~Wirio~ii 

Days 

">"*!«<»■■ i« hep.Hu thc-npy a s 

heparin, the fibrin appearance ti ^ i Utc ,,K>tbod ,s va "ue and uncertain after 

point. We have found a «-aad tl™. m ° t l . od 1 ‘ cvca ^ a eicar and unmistakable end 
minutes. iaie found a good therapeutic level after heparin to be about twelve 

points aL^Lwirfear'and tlm r^n *?' extendcd coagulation time, the end 
fibrin appearance time to be 35 TiUiS J,avo foiuld the 

purpura the time has been ^efiniSv Sbou r \ *“ thra » lbo ^°I- ldc 

the active bleeding phase of the disease In t ! sJ,ghH ^ ' ,rol °"" ed duril, y 
in the acute stage the fibrin appearance time ] e pieseaee . ot ei,mcai thrombosis 
reduced. as been * 0H » d to be normal or 

SUMMARY 

A method of precisely determining the over-all coagulabilitv of unmodified 
bhiocl by estimation of the time required for the appearance of fibrin is described 
Ihc test is made m a transparent tube rotating at a constant and slow rate ' 
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It registers small increases in coagulation time, thus permitting a more 
critical estimation of alteration in blood coagulability. 

It is applicable to the determination of the maintenance of therapeutic levels 
of heparin and/or dicumarol. Although it does not eliminate entirely the need 
for prothrombin time estimations after dicumarol, it may prolong considerably 
the intervals between essential prothrombin time estimations. 

It may be possible to demonstrate acceleration of coagulation time by the 
new procedure. 



A RAPID TEST FOR ALBUMIN AND SUGAR IN THE SAME 
MEASURED SAMPLE OF URINE 

N. R. Bl.vtiierwick, Pii.D., axd Joseph II. Dworkix, B.S. 

New York N. Y. 

| ’ESTS to determine the presence of albumin and sugar in urine are ordi- 
naiih made on two different samples of the specimen. It would be ad- 
' antageous to be able to make these two tests on the same measured sample of 
urine. The procedure described permits this to be done. Sulfosalicylic acid 
is the reagent used for albumin, and Benedict’s solution, for sugar. 

METHOD 

Delivei 8 drops of urine into a test tube having an outside diameter of 19 
millimeters. Next add 0.8 ml. of a 4.5 per cent solution of sulfosalicylic acid, 
fhe almost immediate appearance of a white, turbid precipitate or cloud indi- 
cates the presence of albumin. Now add 5 ml. of Benedict’s solution and shake 
the tube well to mix the contents. Proceed as usual by boiling over the free 
Hame for one or two minutes or by heating in a boiling water bath for live 
minutes. Allow the tube to cool in the air spontaneously. Interpret the re- 
sult in the customary manner. This may be called the laboratory method. 

dhe following modification should be useful to physicians, insurance medi- 
cal examiners, visiting nurses, and others who do not wish to bother with re- 
agent solutions. The test may be performed in the home, if desired. Deliver 
5 diops of urine into a test tube having an outside diameter of 15 mm. and 
t leu add 10 drops of water. Drop in one sulfosalicylic acid reagent granule* 
and shake the contents gently for a second or two. After two minutes look 
or the turbidity described in the preceding paragraph. The granule does not 
issolve, but it carries sufficient sulfosalicylic acid which is released to precipi- 
tate the protein. Proceed with the test for sugar by dropping in one efferves- 
cent sugar reagent tablet,! the active ingredients of which are cupric sulfate, 
sodium hydroxide, sodium bicarbonate, and citric acid. About fifteen seconds 
after the reaction has ceased, a typical copper reduction test will be obtained 
in the presence of sugar. 


DISCUSSION 


Sulfosalicylic acid is recognized as an excellent reagent for the precipitation 
of albumin in urine. The quantitative method described by Kingsbury, Clark, 
Williams, and Postf is widely used by life insurance companies, hospitals, and 


From the Biochemical Laboratory of the Metropolitan Life Insurance Company. 
Received for publication, May 10, 1947. 


are manufactured and sold by Cargille 


‘Sulfosalicylic acid reagent granules Xo. 

Scientific Inc.. New York, N. Y. 

fSugar reagent tablets are manufactured by Ames Company, Inc., Elkhart. Ind. 
f Kingsbury,. F. B.. Clark. C. P. Williams. G., and Post, A. L. : The Rapid Determination 
of Albumin m Urine, J. Lab. & Clin. Med. H: 981, 1925. 
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clinics. It was necessary in devising the method described herein to show 
only that the presenee of sulfosalieylie said used in the test for albumin does 
not interfere with the test for sugar by Benedict’s solution. The sugar re- 
agent is sufficiently alkaline to neutralize the acid and it functions as though 
the sulfosalieylie acid were not present. Two series of urine containing 0.25, 
0.5, 0.75, 1.0, and 1.5 per cent glucose were run, using in one case 0.8 ml. ot 
water and in the other 0.8 ml. of a 4.5 per cent solution of sulfosalieylie acid 
plus 5 ml. of Benedict’s solution. The two series were heated simultaneously 
in a boiling water bath for five minutes. Upon cooling, no difference in the 
results could be observed. 

SUMMARY 

A rapid method for detecting albumin and sugar in tbe same measured 
sample of urine is described. . 
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MORPHOLOGIC CHANGES IN THE LYMPHOCYTES OF PERSONS 
EXPOSED TO IONIZING RADIATION 

Axxamae Dickie axd Louis n. Hempelmaxn, M.D. 

Los Alamos, N. M. 

E XAMINATION of supravital preparations of the blood of persons exposed to 
ionizing radiations and toxic chemicals at the Los Alamos Scientific Lab- 
oratory has revealed the presence of an unusually large number of refractive 
neutral red bodies in the cytoplasm of the . circulating lymphocytes. These 
bodies are also present in smaller numbers in lymphocytes of unexposed persons. 
They can be distinguished from intracellular vacuoles which also stain with 
neutral red. The increase in neutral red bodies is evident even when exposure 
to radiation is within the tolerance range, eq., not greater than 0.1 roentgen 
of x-rays or gamma rays per day delivered to the entire body. The neutral 
red bodies are found in increased numbers after acute exposure to doses of 
ionizing radiation which do not affect the total white blood cell count, the total 
lymphocyte count, or the differential blood cell picture. 


METHODS AXD MATERIALS 


This study covers a two-year period from 1944 to 1946. All of the subjects 
have been employed at the Los Alamos Scientific Laboratory. Except for those 
in control group, all persons have been engaged in work which has resulted in 
exposure to ionizing radiation or toxic chemicals. "With rare exceptions, the 
exposure was limited to one type of ionizing radiation or to one kind of chemical. 
The subjects included in this report were carefully selected for uniformity of 
sex and age. The conditions under which the study was carried out were kept 
as uniform as possible. The subjects were healthy, adult men, the great majority 
of whom were between 20 and 30 years of age. All were in residence at the 
Los Alamos project. All subjects were essentially of the same economic status. 
Each blood sample was taken in the morning between eight-thirty and ten 
o clock. Excluded from this series was any subject showing evidence of illness 
(except for a group of ambulatory controls specifically chosen for upper re- 
spiratory infections), extreme fatigue, or hematologic abnormalities of known 
or unknown etiology (except radiation). 

As far as can be ascertained, dissimilarities between the control and the 
exposed subjects were limited to occupation and number of blood counts per 
subject . All exposed persons were engaged in laboratory work of some sort. 


\i.,nh-Tn! 3 r, J 3 , b fu ed r on ', vork performed under Contract Xo. W-7405-Ens-3G with 
nhattan Project at the Los Alamos Scientific Laboratory of the University of California. 
From the Los Alamos Scientific Laboratory'. 

Received for publication. June 1, 1947. 
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Fig. X — Phoiomlerogi aph (magnification xl-tm) of a »upi a\ ital piepuiation of blood 
cells of a subject exposed to ionizing radiation There an* /If teen left active neutral red 
bodies m the lymphocyte at the center of the picture, of which only a few can he seen at 
tills focus. One icfractive body is clearly seen at one o'clock. The apex of the V shaped 
shadow at thiec o’clock Is formed by a cluster of live refractive neutral red bodies. The 
remainder of this shadow is composed of mitochondria and thiee neutral led bodies, all or 
which me partly out of focus. 



_ Fig. 4.-— Photomicrograph of same field as shown in Fig. 3. th tough phase optical syste 
(l.b mm. oil immersion objective with integral diffraction plate, type IB-0.25). All oi j 
fifteen refractive bodies in the lymphocytes can ba identified in this picture because or y 
great depth of focus of the phase microscope Note the deep shadows cast bv the ciusi rt 
of refractive bodies at three o’clock and by the single body at one o’clock seen in Fig. *>• 
The light shadow extending from eight o’clock to eleven-thirty o’clock is produced 
mitochondria. 




Fig. 1.— Photomicrograph (mugnillcatlou X1200) of a supravital preparation of blood 
cells of a subject recently exposed to small repeated doses of radiation. Refractive neutral 
red bodies are seen at live-thirty and nine-thirty o'clock In the lymphocyte at the center ot 
the print. The cluster of shadows between the two bodies are mitochondria. 



Fig:. 2. — Photomicrograph (magnification X120U) of a supravital preparation of blood 
from a subject after exposure to small doses of gamma rays for a period of two months. 
There are fifteen refractive neutral red bodies in the lymphocyte, some of which are almost 
out of focus. The large shadow at three o’clock is formed by two refractive bodies. The 
other shadows in the cytoplasm are produced by mitochondria. 
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uptake of dye by leucocytes resulting from the use of slides prepared with 
these strong solutions do not differ in any way from that observed in other 
laboratories where more dilute solutions of supravital dyes are employed. 

RESULTS 

It was observed that the lymphocytes of persons exposed to ionizing- radia- 
tions and toxic chemicals contained more refractive neutral red bodies than 
did the cells in the blood of unexposed subjects. These bodies, previously 
described in normal lymphocytes by Ciall, 4 were irregularly placed throughout 
the cytoplasm. They were irregular in shape, varied considerably in size, and 
had a more decided brick-red color than did the neutral red-staining vacuoles 
(Pigs. 1 to 3). There was no increase in number or size on standing twelve hours 
at 10 to 15° C. The number of refractive bodies per cell varied from zero to 
more than thirty. The refraetiveness of these bodies resembles that of the 
granules in cells of the granulocytic series and distinguishes them from vacuoles 
and nonrefractive bodies which also stain with neutral red dye. 

Examination of the same blood samples stained with Wright’s, Giemsa’s, 
and peroxidase stains revealed no morphologic abnormalities of the lymphocytes 
similar to that described. 

By using contrast microscopy, additional information was gained about 
the structure of the refractive neutral red bodies. If individual cells in a 
supravital preparation were examined first through an ordinary microscope 
and then through a phase microscope, it was observed that the refractive neutral 
red bodies showed a high phase contrast while the nonrefractive and vacuolar 
neutral red-staining bodies- showed a low phase contrast (Fig. 4). This indicates 
that the density of the neutral red bodies is high and that they probably exist 
in the solid or granular phase. The mitochondria are the only other structures 
in the lymphocytes that show a high phase contrast. These bodies are not 
easily confused with the neutral red bodies under the contrast microscope since 
they are smaller and their green color is poorly transmitted through the phase 
optical system, while the red color of the refractive bodies is well transmitted. 

The increase of the neutral red bodies in the lymphocytes of the exposed 
groups represents essentially a quantitative rather than a qualitative change. 
Ihe modification in the numbers and distribution of neutral red bodies in 
lymphocytes for subjects variously exposed to radiation is shown in Fig. 5. 
In order to facilitate the demonstration of lymphocytic changes of this nature, 
it was decided to differentiate between cells which contained an abnormally 
large number of refractive neutral red bodies and those which did not. It 
was agreed, therefore, on a completely arbitrary basis, to designate any lym- 
phocyte with five or less neutral red bodies as “‘normal” and to consider any 
roll with six or more bodies as “abnormal.” This terminology will be used 
'n the remainder of this article. 

One thousand sixty-four hematologic studies on 364 subjects have been 
analyzed. Fig. 7 is a scatter diagram showing the percentage of abnormal 
ymphocytes in all subjects divided into control and exposure groups. The 
explanation of the type and degree of exposure of each group is given in Table I. 
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Table I. Type and Deguek op Exposure op Groups Mentioned in Scatter Diagrams 
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Table I— Cont’d 


group 


NUMBER 

OF 

PERSONS 
IN GROUP 


Class II 


17 


description 

OP WORK 
Laboratory work 


Radioactive material B 
Class I 


Class II 


Group D 
Uranium 


29 Laboratory work 


0 Laboratory work 


20 Laboratory and 
plant work 


DEGP.EE OF 

| EXPOSURE 

Contact with radioactive 
material A; some deposi- 
tion of material in the 
body, but average amount 
below maximum permis- 
sible value 

Contact with radioactive 
material B, an alpha par- 
ticle emitter; no deposi- 
tion of material in the 
body according to moder- 
ately sensitive test 

Contact with radioactive 
material B; deposition of 
material in the body ap- 
proaching maximum per- 
missible amounts 

Mild to moderate exposure 
to uranium chiefly as 
oxide fumes 


This exposure refers to the period 1943 to 1946 and does not take into con- 
sideration the previous exposure record of the subject. In practically all cases 
except those in Radiation Groups II and III, previous exposure to toxic chem- 
icals or radiation was negligible. Each point in the scatter diagram represents 
the percentage of abnormal lymphocytes for a single subject. In the case of 
most of the controls, this point is based on one examination; in the case of the 
exposed subjects, the point represents the average of many (in one instance, 
thirty) examinations. Where radiation exposure was intermittent it was im- 
possible to correlate the time of the hematologic examinations with the time of 
the exposure. For purposes of comparison, Figs. 6, 8, 9, and 10 show scatter 
diagrams of the total white blood count, the total abnormal lymphocyte count, 
the total lymphocyte count, and the percentage of lymphocytes in the differential 
white blood cell count for each exposure group. As in the ease of Fig. 7, each 
point represents an average figure for all examinations on a single individual. 

Figs. 11 and 12 show the increase in percentage of abnormal lymphocytes 
in persons accidentally exposed to single, large, instantaneous bursts of general 
body radiation. It is unfortunate that previous determinations of the per- 
centage of abnormal lymphocytes were not made on these subjects. A complete 
hematologic report of these cases will be presented in a forthcoming article. 
Single exposures to general body gamma radiation which did not exceed 5 
roentgens and which were delivered over a period of several hours produced 
no increase in the percentage of abnormal lymphocytes. 

Similar increases in abnormal lymphocytes have been observed in rabbits 
and cows exposed to large doses of ionizing radiation. Morphologic changes 
of this type in the lymphocytes of mice and rats exposed to radiation could 
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Kip. 10. — Scatter diagram showing the total lymphocyte count for subjects divided into groups. The cross denotes the average for the group. 
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Fi£. 12. — Chart showing the percentage of abnormal lymphocytes in two subjects receiving brief exposure to large doses of ionizing radiation. 
Case \ received a lethal amount of radiation. Case VI was exposed to a relatively small dose of radiation which produced no other changes in the 
blood picture. 
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not be detected because the large amounts of neutral red dye normally taken 
up by the cytoplasm of the lymphocytes interferes with the identification of 
the refractive bodies. 

DISCUSSION 

A survey of the literature has failed to disclose previous descriptions of 
similar morphologic changes in lymphocytes after in vivo exposure to small 
repeated doses of ionizing radiation. .Morphologic changes in living cells of 
various kinds have been reported following exposure to single large doses of 
radiation. Prigosen 5 has reported the appearance of neutral red bodies in 
irradiated tumor cells. Recently JSchrek 0 described an increase in cytoplasmic 
vacuoles in dark-field preparations of lymphocytes after in vitro and in vivo 
exposure to x-rays. 

Inspection of the scatter diagrams in this report shows that there is an 
increase in abnormal lymphocytes in the persons exposed to ionizing radiation. 
The percentage and total number of abnormal cells can be correlated with the 
magnitude of chronic exposure. The significance of the data presented in these 
diagrams is evident without further statistical treatment. There are several 
features of these diagrams, however, which require further discussion. 

A significant difference between the controls (Group A, Class I) and the 
groups exposed to radiation (Group B, Classes I, II, III, and IV) was observed 
only for total leucocyte count, the proportion and absolute numbers of abnormal 
lymphocytes. In the case of the total white blood cell count, the difference can 
be demonstrated by comparing the average counts for each group. Since most 
of the total counts of all groups lie between 5,000 and 9,000 cells per cubic 
millimeter, however, the value of any individual count has little significance 
in determining the exposure group into which the subject falls. On the other 
hand, the difference in the percentage of abnormal cells and absolute abnormal 
cell counts between control and exposed subjects is reflected in the value for 
an individual subject. Most of the controls have less than 20 per cent abnormal 
cells or 400 abnormal cells per cubic millimeter, while all of the more consistently 
exposed subjects show percentages and total numbers of abnormal cells above 
these levels. There is so little overlap of points for exposed and control groups 
that the appearance of few or many abnormal cells has more than chance 
significance in determining the exposure of any given individual. 

A difference in percentage and absolute numbers of abnormal lymphocytes 
also exists between the controls and the groups exposed to certain chemicals. 
In this respect, it should be emphasized that the biologic action of natural 
uranium is due to its chemical rather than its radioactive properties. Thus 
the increase in percentage of abnormal lymphocytes in Group D is probably 
related to the chemical effect of uranium. The increase in percentage of ab- 
normal cells in Group A, II (Fig. 7) is added evidence pointing to the fact that 
exposure to toxic chemicals changes the percentage and the absolute number 
of abnormal cells, since nine of the fourteen points above the 20 per cent 
abnormal cell level represent plumbers who were frequently exposed to lead 
fumes. These subjects have shown no clinical or laboratory evidence of plum!)- 
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ism except for an occasional mild degree of basophilic stipling of the red blood 
cells. An increase in abnormal lymphocytes was also found in persons working 
with industrial nonradioactive chemicals besides uranium and lead. 

It is evident from Figs. 11 and 12 that exposure to a single large dose of 
ionizing radiation increases the proportion of abnormal cells in the circulating 
blood. The response of the lymphocytes of the four subjects in Fig. 11 is 
essentially the same, although the radiation dosage of the subjects differed by 
a factor of ten. It must be concluded, therefore, that the increase in abnormal 
lymphocytes is not proportional to the dosage when administered as a single 
brief exposure. 

SUMMARY 

1. Analysis of the total leucocyte counts of persons chronically exposed to 
ionizing radiation and toxic chemicals shows a significant statistical decrease 
in the exposed groups. 

2. Analysis of the absolute number and of the percentage of lymphocytes 
in the differential counts of the same persons shows no significant change. 

3. Morphologic study of supravital preparations of blood cells of persons 
chronically and acutely exposed to ionizing radiation indicates a striking in- 
crease in the number of refractive neutral red bodies in the cytoplasm of the 
circulating lymphocytes. An increase in neutral red bodies is also found in 
persons working with toxic chemicals. 

4. These neutral red bodies have high density and may be considered to 
be granules. They have not been identified in fixed preparations. 
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STUDIES ON LYMPIIOGEANULOMA VENEREUM: 
EVALUATION OF THE COMPLEMENT FIXATION TEST WITH 

LYGRANUM 


AIohkis F. Siiaffek, Pir.D ., 0 and Gkoffkky Rake, M.B., B.S. 

New Brunswick, N. J. 

I N THE (level opulent of our knowledge of most infectious diseases, progress 
has been expedited by improvements in the methods available for diagnosis, 
particularly in the case of latent infections or in the frank disease when symp- 
tomatology and clinical signs are not distinctive. Thus in lymphogranuloma 
venereum Frei’s discovery 1 of the intraderma] sensitivity of infected indi- 
viduals to lymphogranulomatous bubo pus constituted a great advance since it 
enabled a diagnosis to be made on grounds other than the clinieopathologie basis 
set forth by Durand, Nicolas, and Favre." By means of this cutaneous reac- 
tion a variety of lesions other than those of the genitals and x’cgional lymph 
nodes Avere linked to a common background of lymphogranulomatous infection; 
in some instances it has been possible later to confirm the diagnosis by the 
actual isolation of the etiologic agent from pathologic material . 3 Until recent- 
ly, however, a serious deterrent to the routine use of the Frei test in large- 
scale investigations (which are highly desirable for a more complete understand- 
ing of the epidemiology of the disease) was the fact that to the great majority 
of clinicians there was not readily available human bubo pus of satisfactory 
specific activity and free from contamination with antigens derived from other 
infectious organisms. 

Several preparations of tissues experimentally infected with virus, such 
as brain tissue from different animal species,' have been suggested and employed 
as a substitute for human bubo pus. These, while containing sufficient specific 
antigen to elicit a positive Frei reaction, also include relatively large amounts 
of foreign tissue which may evoke a nonspecific inflammatory response. This 
makes interpretation of the test difficult unless it is compared with the result of 
simultaneous inoculation of normal tissue emulsion as control. Furthermore, 
allergic hypersensitivity to the accompanying brain tissue, whether inherent 
in the individual or acquired only after repeated skin testing, may sometimes 
obscure any specific reaction to the virus antigen . 5 It should be pointed out, 
however, that while no control material is inoculated in tests with human bubo 
pus and any reaction following’ its introduction is taken as evidence of a posi- 
tive response, there is little reason to believe that the skin of occasional indi- 
viduals may not be irritated by injection of certain components of such pus 
irrespective of the' presence of, and reaction to, lymphogranuloma antigen. 

A new and improved reagent (Lygranum) for the Frei test 0 has been 
developed as a result of the observation that the etiologic agent of lympho- 
granuloma venereum will proliferate luxuriantly when introduced into the 
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yolk sac of the embryonated lieu’s egg. T The enormous numbers of elementary 
bodies and other developmental forms of the virus 8 thus obtained have been 
readily separated from the bulk of the host tissue by differential centrifugation, 
and the infective properties suitably destroyed while preserving the antigenic 
activity. In the experience of several groups of investigators” the results have 
been eminently satisfactory, with this purified suspension of virus showing di- 
vers features of superiority over mouse brain antigen and being at least equal 
in the number of positive reactors detected when compared with highly potent 
samples of human pus. The concentration of antigen in Lygranum preparations 
can be controlled, so there is no prevailing reason why it should not be .available 
in a form even more potent than the most active specimens of bubo pus. There 
lias been some criticism of Lygranum because of difficulty in interpreting 
so-called “nonspecific” reactions, 10 consisting largely of erythema without 
papule formation or, less frequently, small papules elicited in nonlymphogranu- 
lomatous persons. It should be emphasized again, that the zone of erythema 
seen at the site of inoculation of Lygranum S. T. is of no diagnostic significance 
whatever. Only the presence of a definite papule of at least 6 mm. in diameter 
should be taken as indicating a positive reaction with Lygranum, and every 
lest should he controlled with normal yolk sac material injected simultaneously 
with the specific antigen. The control injection usually provokes a negligible 
or trivial reaction, but individuals who are sensitive to chick embryo materials 
may give papules with the control from normal yolk sac as large as those with 
Lygranum; in such persons the reaction to Lygranum S. T. should not be con- 
sidered as positive. 


The utility of Lygranum is not limited to the intradermal test for it has 
also been found potent in the detection of complement-fixing antibodies in the 
serum. 11 While the evidence thus far acquired lias shown Lygranum to be a 
very sensitive indicator when used in this manner as an aid in the diagnosis of 
infection with lymphogranuloma virus, other studies have demonstrated that 
cross reactions are obtained with this antigen in complement fixation tests on 
the sera from patients with trachoma or inclusion blennorrhea 12 and in certain 


cases of atypical pneumonia or pneumonitis due to psittacosis or closely re- 
lated viruses. 13 - 14 This is not unexpected since, in spite of obvious differences 


m in °des of transmission and tissue tropisms, the agents responsible for these 
diseases appear to share many properties, including the possession of a common 
antigenic factor. 14 ' 11 It is one of the purposes of this paper to explore the 
units of the specificity of Lygranum in the complement fixation test in the light 
nt a comprehensive summary of our experience with several hundred sera de- 
nied from persons with a variety of clinical conditions. 


REAGENTS AND TECHNIQUE 

Egg-adapted lymphogranuloma virus was employed as inoculum for six- or 
immcl'-T w'u en .’ br - > ' os Vla the - v0,k s »cs; the latter were harvested shortly prior to, or 
twice !' 1 ]■ f ° Uownig ’ death o£ the embryo from specific infection, all embryos being candled 
>en <f o' T!l0SC - volk sacs > found on examination to contain abundant virus in the ab- 
o ier agents cultivable on artificial media, were pooled and ground or shaken with 
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ten volumes of physiologic saline. For the tests to bo reported here, the virus v> us freed from 
most tissue material by differential centrifugation and finally suspended iu saline containing 
0.1 per cent formalin.u Control material w as prepared from normal yolk sacs in exactly 
the same fashion. Xigg has found that a useful antigen may be obtained by the simple 
expedient of treating the crude saline suspension of \ims-infeeted yolk sac with urea or 
ether."* Recently a combination of boiling and treatment with phenol has proved even 
moro satisfactory!"; not only may the specific complement-fixing activity of the antigen he 
enhanced thereby, but also yolk sac preparations treated in this way do not show the non- 
specific fixation with sera from eases of early syphilis (see below). The meehani-ins in- 
volved are not understood. 

In some of the early tests we employed in place of yolk sac virus the superuate obtained 
by centrifugaliziug at low speed a saline suspension of lymphogranulomatous mouse lungs,' 5 
together with control material from similarly treated normal mouse lung. The results with 
the two viral antigens were entirely in agreement; we preferred later to use yolk sac antigen 
since it was more readily available in large amounts, was usually' somewhat moro potent, and 
could readily be obtained free from contamination with other organisms. The lungs of mice 
may contain varying numbers of adventitious bacteria or other agents which might lead to 
erroneous results, although we have experienced no difficulty from this cause. Finally the 
handling of intranasally infected lymphogranulomatous mieo constitutes a definite hazard 
in the laboratory."* The soluble antigen found in Seitz filtrates of virus-infected yolk sac 
or mouse lung tissue : ° has also been utilized, but this may be less potent than suspension- 
containing particulate virus. 

For use in complement fixation tests stock antigen from any of the sources mentioned 
was adjusted by dilution so that it vwis not anticomplemontary, gave definite reactions with 
known weakly positive lymphogranulomatous sent, and gave no reaction with sera from nor- 
mal individuals. 

Sera . — Just before use the sera were inactivated for twenty minutes at 30 or <50° C.j 
the higher temperature was helpful in reducing the anticomplementary behavior observed on 
prolonged storage of seium.-i Serial doubling dilutions wore made in physiologic saline. 
In most cases the lowest initial dilution of serum tested was 1:2, although on a few occa- 
sions tlie undiluted serum was also used. Since during fixation the serum is acting in a 
final dilution three times Unit originally introduced, we have recorded the titers as the high- 
est final dilution giving definite specific fixation. 

Complement . — Guinea pig serum was used, either fresh or stored at -32° C. until 
needed; it was titrated and diluted just before use. Two units in 0.2 ml. were usually ob- 
tained with a 1:20 to 1:30 dilution. 

Performance of Te&t . — The following procedure was found to yield satisfactory results 
while retaining features of simplicity and convenience, permitting the test to be read within 
two hours after it was prepared. To a series of tubes vvas added 0.2 ml. of eacli of the re- 
agents, in the order stated: diluted patient’s serum, 2 units of hemolytic complement, specific 
antigen. A control series was set up iu each instance with normal tissue material in place of 
the specific antigen. In every test controls were also included to exclude anticomplementary 
or hemolytic action of tlio antigen or patient’s serum, as well ns to demonstrate the activity 
of the complement. After incubation for soventy-fivc minutes in a 37° C. water bath, to 
each tube vvas added 0.2 ml. of the indicator. This volume contained a 3 per cent suspen- 
sion of sheep corpuscles in saline and 2 units of amboceptor, the cells having been sensi- 
tized beforehand by incubation for thirty minutes at 37° G. Readings for fixation (inhibi- 
tion of hemolysis) were made after thirty minutes longer at 37° C. Only when all controls 
were satisfactory was a test considered of possible diagnostic significance. The sensitivity 
of the test can be increased somewhat by carrying out fixation in the refrigerator overnight 
or by a short period of incubation in the cold following that at 37° C. Prolonged fixation 
in the cold increases the tendency to nonspecific fixation with normal yolk sac control mate- 
rial, however, so this refinement was used only rarely. 

Nearly all sera were tested in serial dilutions at least twice, and the majority vveic 
tested several times to check the reproducibility of results. One additional point should bo 
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mentioned here, namely, the desirability of testing serum, specimens with reasonable prompt- 
ness after their collection. If fluid sera are stored without preservative in the refrigerator 
for many months they frequently suffer deleterious bacterial or fungous contamination; 
furthermore, the specific titer tends to diminish with aging while the anticomplementary 
properties increase, making it difficult or impossible to test satisfactorily low dilutions of the 
serum. This should be borne in mind, since some sera are of low titer even when tested 
shortly after their withdrawal from the donor. 

PRESENTATION AND DISCUSSION OF EXPERIMENTAL DATA 

1. Tests on Sera from Persons With History or Signs of Overt Lympho- 
granulomatous Infection and Positive Frei Test. — We liave tested serum speci- 
mens from 149 patients falling in this classification, with the results summarized 
in Table I. 


Table I. Complement Fixation Tests on Sera From Persons With Evidence of 
Lymphogranulomatous Infection 


TYPES OF LESIONS OBSERVED 

IN PATIENTS 

NUMBER 
TESTED ] 

LYGRANUM 

COMPLEMENT 

FIXATION 

POS. 1 NEG. 

Genital and/or inguinal lesions* 

33 


0 

Posterior bowel lesionst 

01 

60 

1 

Other lesionst 

55 

54 

1 

Total 

140 

147 

2 


•This group includes early or chronic lesions of genitals and/or inguinal adenopathy. 

. tThis group includes: (1) proctitis and/or rectal stricture; (2) other anal lesions such • 
as sinus, fistula, etc. ; (3) involvement of colon. 

tThis group includes cases presenting one of the following: (1) both gen itoinguinal 
“S? r ® ct al pathology, (2) generalized systemic manifestations, (3) laboratory infections. (4) 
other lesions not further classified. 

An analysis of the data has brought out certain points of interest. In our 
hands the complement fixation test gave positive results with the sera from 
98.6 per cent of 149 individuals in whom the Frei reaction and history or clini- 
cal signs were indicative of overt lymphogranulomatous infection ; the two fail- 
ures may have been due to a very low concentration of antibodies which could 
Perhaps have been detected by making the conditions of testing more sensitive, 
or to the absence of antibodies in these particular serum specimens. 

The titers of the positive sera ranged from 6 to 1,920 aud greater. The 
frequency with which various titers were encountered was as follows: 


32 (21.S per cent) 

40 (27.2 per cent) 

42 (28.5 per cent) 

33 (22.4 per cent) 


titer 
6 to 15* 

30 to 00 
120 to 240 
480 or greater 


The data have been examined in an attempt to ascertain the factors influencing the 
complement-fixing titers obtained. 

active\* Aclmty Statm: Usually, but not invariably, the sera of patients with clinically 
^lesions allowed higher titers than the sera of patients with healed lesions.== 

resnoM nten *}* y ° f Frei 1!eaction: The sera of individuals who yielded a large cutaneous 
weak f° “ S , } ' sll0 ' vc<i higher titers than those from persons whose Frei reactions were 
— - — ~ Ce also Grace and Eake22 )- In some instances, however, patients with antibodies of 


'•e.signa^Uon'ln* the^iteratm-e. ^Thus^mo^^author^v^um *give — ^ 3t th f eefokl «>e .usual 


ve these titers as from 2 to 
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loir titer (0 to 15) gave skin reactions of greater intensity anil extent than oilier persons 
whose serum titer was tenfold gi cater. 

3. Duration of Infection: In recent infections the titers ranged from ti to 960; where 

the disease had been in progress for three to eight years the titers observed were from 60 to 

960. A patient with infection of ten years’ standing was found to have a titer of 30; an- 
other whose disease dated baek fifteen years showed a titer of !I0, while the serum of a 

third individual twenty years after the onset of inguinal adenopathy showed a titer of ti. 
Thus tiie duration of infection was not necessarily reflected in the titer. 

-1. Location of Legions: Xo obvious disparity in regard to antibody lewis was noted 
between infections characterized by inguinal adenopathy and/or genital lesions and those 
involving the posterior regions of t lie bowel. 

5. Sex: In the respective sieves the serum titers were distributed as follows: 



TITER 

WOMEN 

MEN 

6 

to 

15 

s 

24 

30 

to 

60 

6 

25 

120 

to 

240 

15 

24 

-ISO 

or 

greater 

4 

S 


While these figures indicate that titers of 120 or greater were more common in women, 
the number of cases involved is too small to be statistically significant. 

6. Race: The titers in whites and Xegroes were closely parallel, that is: 


titer 
0 to 15 
30 to 60 
120 to 240 
4S0 or greater 


WJIITKS 

19 

16 

21 


NEGROES 

13 

15 

IS 


7. Concomitant Venereal Infection: The presence of other venereal diseases did not 
noticeably affect the lymphogranuloma complement-fixing titer. It is noteworthy that in the 
group with rectnl lesious (chiefly stricture and/or proctitis) thirty-live had no history or 
evidence of other venereal disease, twenty had signs, serologic evidence, or history of syph- 
ilis, and one had a history of gonorrhea. In the genitoinguinul group, eight had no evidence 
of other venereal disease, nine had a history of syphilis, and three had other venereal in- 
fections. 


Discussion: It should he emphasized that in developing the complement 
fixation test with lymphogranuloma antigen, the results and teehnkpie were 
adjusted in an effort to set up conditions which would permit the detection. ot 
antibody in weakly reactive lymphogramdomatous sera. With the method 
adopted, specific fixation was obtained with the sera of 98.6 per cent of 149 
clinically lymphogramdomatous, Frei-positive patients. In eleven ot’ these the 
titer was only 6, and if the lowest initial dilution of serum tested had been lm 
instead of 1:2, the demonstration of antibody would have failed. The im- 
portance of employing low as well its high dilutions of serum is thus evident, 
although Dulaney and Packer, 23 who in-97 per cent of their series of thirty-three 
clinically lymphogranulomatous patients obtained fixation with Lygramuu m 
initial serum dilutions of 1 AO or greater, feel that a 1 :20 dilution (correspond- 
ing to our titer of 60) should be considered as the lower limit for good serologic 
evidence of infection with the causative virus. 

Several other workers have reported the results of complement fixation studies "id' 
’ Lygranum. Using a method similar to ours, Levine, Holder, and Bull own- 1 obtained fixation 
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with the sera of each of eleven known lymphogranuloimtous patients and with the sera of 
eighteen other patients without overt lymphogranuloma venereum who yielded positive or 
doubtful- Frei tests. Blair-’s similarly obtained fixation. with the sera of four patients show- 
ing clinically characteristic lymphogranuloma and thirteen other patients without history of 
the disease who had positive Frei reactions. A less favorable report was published by Knott 
and co-workers 2 ® who obtained positive tests by complement fixation in 75 per cant of a group 
of thirty-one patients diagnosed olinically as lympliogranulomatous. .From their data it 
is doubtful whether all of tho cases in the group represented true lympliogranulomatous 
infection. Only Si per cent of their patients gave positive Frei tests and 45 per cent showed 
positive Ito-Reenstierna tests; in some of the patients the duration of the lesions was only 
three days. Also contributory to the failure of Knott and associates to obtain a higher 
percentage of positive results may be the fact that in their serologic tests complement was 
used at 1:10 dilution, a concentration two to three times greater than that which we em- 
ployed, which might well reduce the sensitivity of the test so that it would fail to detect 
weakly reactive sera such as we found in 7.4 per cent of our lympliogranulomatous series. 

Howard and co-workers 2 * tested seventy-six patients with positive Frei reactions; the 
sera of seventeen gave negative complement iixation tests. The authors state that in this 
group “. . . . in most instances there was a history suggesting infection with lympho- 
granuloma venereum in the remote past .... there was no clinical evidence of infection at 
the time the tests were made ; skin sensitivity alone remained, ’ ’ Unfortunately the details 
■ of the serologic technique employed in their study are not stated, making it difficult to evalu- 
ate the sensitivity of the method. 

Recently Florman-S has published the results of a series of tests with Lygranum anti- 
gen, employing a modified micro-Kolmer hemolytic system. His data indicate that this 
method was relatively insensitive for detecting weakly reacting sera, since in a series of 
parallel determinations on twelve sera he obtained nine positives using the method we have 
recommended, while only seven showed fixation when tested by his routine technique. Further- 
more, in a group of eighteen patients with positive or doubtful Frei tests he obtained only 
eight positives by complement fixation, a far smaller proportion than that obtained by any 
of the others who have compared the cutaneous and serologic tests. 

2. Correlation of Complement Fixation Titer and Serum Protein Levels 
in Persons With Lymphogranuloma. — Nicolas-Favre disease is frequently ac- 
companied by the development of hyperglobulinemia and it has been sug- 
gested 20 that this might be due to the increased production of specific anti- 
bodies. So far no direct experimental evidence has been obtained in support of 
the hypothesis, since the sera of lymphogranulomatous patients usually exhibit 
only slight virus-neutralizing properties which make quantitative evaluation 
difficult. . It is conceivable, however, that the increased globulin values seen in 
lymphogranuloma reflect the production of considerable amounts of antibody 
bhieh react in the complement fixation test but are not effective in virus neu- 
tralization. - An opportunity to examine the problem from this angle was 
afforded by Dr. Marion Howard, who furnished a number of such sera together 
I'db data on their values for globulin and their albumin.- globulin ratios. 

Able II summarizes the results of our complement fixation tests on a group 
°! seia "bieli were tested within a few months of their collection from the pa- 
Ix-'ats, together with Dr. Howard’s data on the protein values. We have not 
”H- tided the data on several other sera which were tested after two or more 
>e*us storage in the refrigerator. 



1066 


•SIIAFFKK AXD HAKE 


Table II. Lygranum Complement Fixation Titers and Protein Values op 

L.YMFH0GKANUI.0MAT0US Seilv 


PATIENT 

COM CLEMENT 
FIXATION* 

TITER 

GLOBULIN 

ALBUMIN: 

GLOBULIN 

L. V. 

-Veg. 

1.0S 

2.30 

L. C. 

(3 

2.57 

l.S 

L. DeL. 

tf 

2.74 

1.5G 

L. F. 

0‘ 

O JO 

1.0 

W. C. 

15 

2 42 

1.43 

C. H. 

15 

2.53 

l.S 

F. G. 

13 

2. 10 

l.S 

\V. P. 

15 

2 ,0S 

1.0 

It. At. 

:io 

:>.2ti 

1.39 

E. It. 

50 

3.51 

1.20 

IV. At. 

00 

2.45 

2.0 

.T. S. 

00 

2.S0 

1.52 

M. At. 

120 

3.15 

1.31 

A. F. 

120 

4.19 

0.9 

A. C. 

210 

5.25 

0.01 

F. S. 

000 

5.42 

0.72 


It was found that the globulin values showed little deviation from the 
normal range in those patients whose sera had only low complement-fixing titers 
(6 to 15), whereas in six of eight patients with serum titers of 30 or greater, 
the globulin content was above 3 Gm. per 100 nil. serum ; the maximum globulin 
values were obtained with sera which showed high complement-fixing activity. 
Our limited data, therefore, indicate positive correlation between elevation of 
the serum globulin and the titer of complement-fixing antibody versus lympho- 
granuloma antigen in patients with Nicolas-Favre disease. 

3. Tests on Sera from Persons Infected with Certain Viruses Belated to 
the Agent of Lymphogranuloma Venereum . — Data previously published’ 2 
showed that the sera of patients with trachoma fixed complement specifically in 
the presence of lymphogranuloma virus antigens. We have now had the oppor- 
tunity, through Dr. Phillips Thygeson, to test sera from thirty trachomatous 
individuals. Five of the sera were anticomplementary due to prolonged storage 
before testing; another patient’s serum gave nonspecific fixation with normal 
yolk sac control material. Twenty-one of the remaining twenty-four sera fixed 
complement specifically in the presence of lymphogranuloma antigens prepared 
from elementary body suspensions sedimented by 7 high-speed centrifugation, or 
the soluble antigen obtained in Seitz filtrates, or both. The titers were usually 
low and more readily demonstrable by fixation overnight in the refrigerator. 
Complement fixation was demonstrable with the sera from three of four pa- 
tients who had shown clinical healing under the influence of sulfonamide ther- 
apy. Despite the presence of complement-fixing antibodies in their sera the 
Frei test was uniformly negative whenever performed on trachomatous patients. 

Sera from seven patients with psittacosis were obtained through Dr. Iv. F. 
Meyer,* who also furnished the results of complement fixation tests carried out 
with psittacosis antigen in his laboratory. Each of the sera showed strong 
complement fixation with Lygranum antigen, our titers ranging from 120 to 
1920. 13 

•The Hooper Foundation, San Francisco, Calif. 
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Complemeut fixation with both lymphogranuloma anti psittacosis antigens 
was also demonstrable with each of the sera from seven patients with virus 
pneumonitis which was presumed or proved due to an agent related to the 
meningopneumonitis virus of Francis and Magill. 30 Six of these sera 1-i were 
obtained from Dr. M. D. Eaton;* the seventh specimen was furnished by Dr. 
John H. Dingle. t These seven sera gave titers ranging from 6 to 60 when 
tested with Lygranuni. 

Through Dr. Thomas P. Magillf sera were also obtained from eleven pa- 
tients with, “atypical pneumonia” where there was no evidence to incriminate 
as etiologic agents any members of the psittacosis-lymphogranuloma group of 
viruses. None of these sera gave fixation with Lygranuni. 

Discussion: Complement fixation tests on the sera of patients infected with 
various viruses of the psittacosis-lymphogranuloma group have shown that these 
agents must share a common antigenic factor which stimulates the production 
of antibodies responsible for cross reactions within the group. The definite, 
albeit weak, reactions we observed when trachomatous sera were tested with 
lymphogranuloma antigen served to re-emphasize the close biologic relation- 
ship between these two etiologic agents which was previously predicated on the 
basis of striking similarities in morphology, staining, intracytoplasmic growth, 
and other characteristics. Unfortunately, trachoma viral antigen was not avail- 
able for reciprocal tests with lymphogz'anulomatous sera. 

Cross reactions of high titer have been demonstrated repeated- 
ly 13 ’ ub, is, no, 2 i £ 01 , } lum£m psittaeotie and lymphogranulomatous sera not only 
when they are tested with antigens from either of these viruses, but also in the 
presence of antigens derived from the viruses of meningopneumonitis 30 and 
mouse pneumonitis. 31 Differences have been noted in the titers of individual 
sera versus the respective viral antigens used for testing, but these may have 
heen due, in part at least, to varying potency of the antigens and to differences 
m the techniques of testing employed in the several laboratories. Smadel, 
Wertman, and Reagan 540 have shown in this connection that the sera of pa- 
tients with either psittacosis or lymphogranuloma venereum usually give com- 
plement fixation to approximately the same titer when tested simultaneously 
with standardized antigen from the heterologous or homologous virus. 


The sera of various animal species iufected or immunized with members of the psitta- 
cosis-lymphogranuloma group of agents show differing degrees of specificity in complement 
ixation teats with the several viral antigens. The situation is not entirely clear in regard 
o t ie serologic response of pigeons, which often acquire ornithosis naturally.ssa Although 
>e sera of birds convalescent from enzootie or epizootic ornithosis have been reported not 
o give fixation with Lygranuni, «b, 32 b two of three pigeon sera sent us by Dr. K. F. Meyer 
y ’ m fact > G»ve strong fixation with this antigen (titers 120 and 180, respectively) 
()t U ; !er ’ Beci£ arKl co-workers 1 ^ found in three of four pigeons infected with the S-F strain 
mman pneumonitis virus a slight rise in antibodies to lymphogranuloma venereum antigen. 

; i,n, S r al sero |°gic studies have been carried out among persons with pneumonitis or 
collcam pn ° umoma where no direct contact with infected birds was known. Eaton and 
- — lZ. CS inve,t, 6ated two groups of such cases. In one small series an agent related to 
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the viruses of mcuingu pneumonitis and psit tueosi.s was incriminated as etiologic agent. 331 
These patients all showed antibodies reacting indiscriminately with psittacosis, meningopneu- 
monitis, lymphogranuloma, and mouse pneumonitis antigens; in several instances tho develop- 
ment of a rise in titer for these antigens during the course of the illness was demon- 
strated. It may be noted here that in tho ease of another member of the psittacosis- 
lymphogranuloma group of viruses, namely, that causing an epidemic of severe pneumonitis 
in the bayou region of Louisiana, serum specimens from a few patients who had been in- 
fected showed fixation not only witli antigen from the specific etiologic agent, but also with 
preparations from other viruses in the related group.- 1 -m in a second, larger series of cases 
of pneumonitis of unknown etiology which were studied by Katun and Corey the sera of 
roughly 10 per cent of the patients showed a fourfold or greater increase in titer versus 
these antigens during convalescence when compared with samples collected during the acute 
phased m Smudel 11 ® examined the sera of forty-live cases of atypical pneumonia drawn from 
several large urban centers of eastern United States. Tea cases weie believed to be due to 
psittacosis; live other eases were considered on the basis of complement fixation tests pos- 
sibly to be of psittaeotie origin, but the sera of these patients showed no significant increase 
in titer during the course of recovery from the disease. 

Dingle and associates/ 1 in their extensive studies on atypical pneumonia, encountered 
six patients with respiratory disease from whom strains of virus resembling the agent of 
meningopncumonitis were isolated in the laboratory of Dr. Thomas Francis, Jr.* During 
tho course of illness none of these six showed any rise in the titer of antibodies reacting 
with the agent of meningopneuuionitis, whereas live other patients with respiratory infec- 
tions, of whom only one showed atypical pneumonia, developed a fourfold or greater in- 
crease in serum titer during the course of illness. Complement fixation tests versus meningo- 
pneumonitis antigen were then carried out on the sera of a large group of well soldiers and 
patients with various respiratory infections. While positive reactions were only infrequently 
encountered among the sera from white donors, there was an appreciable concentration of 
positive reactions among the Negro group, irrespective of history of respiratory disease or 
evidence of atypical pneumonia. Since tho Negroes were drawn chielly from the South, 
where the incidence of lymphogranuloma is known to be high, it was suspected that the inci- 
dence of positive reactors among them might be duo to erossreaetions resulting from infec- 
tion with lymphogranuloma virus. 

Thomas and co-workers 33 made the observation that in persons with atypical pneu- 
monia of unknown etiology sera taken during the convalescent phase frequently showed con- 
siderable complement-fixing activity versus crude mouse lung suspensions infected with any 
of several dissimilar viruses, including members of the psittacosis-lymphogranuloma group. 
These sera also reacted, although to a les.-er extent, with similarly prepared suspensions of 
normal lungs from human beings and from mice and other laboratory animals, and with 
normal chick yolk sac. Acute phase sera from the same patients showed much less reactivity. 
It is interesting that tile convalescent sera did not react with antigen of psittacosis virus 
propagated in tissue culture. The capacity to react with dissimilar antigens could be reduced 
by merely heating the sera to (iO to 03° C. or by absorption with normal mouse hmg. The 
antigenic component responsible for fixation with atypical pneumonia sera was associated 
with large particles contained in the crude lung suspensions, since it could be reduced by 
centrifugation. 

Prom the foregoing we conclude that: (1) antibodies reading with Lygra- 
lium tire usually demonstrable in the sera of nonlyniphogranulomatous persons 
who are known or presumed to he infected with any one of the several other 
members of the group of related viruses; (2) in sera from cases of atypical 
pneumonia of unknown etiology, fixation versus lymphogranuloma virus is or- 
dinarily lacking if infection with viruses of the psittacosis-lymphogranuloma 
group can he excluded or is highly unlikely; (3) in some eases of atypical 


•University of Michigan. 
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pneumonia there develop during convalescence substances which react moie or 
less nonspecifically with certain tissue components from uninfected or viius- 
infected lung or other tissue. These latter reactions can frequently be distin- 
guished from specific fixation occurring with virus antigens through the use of 
control antigens prepared, with normal tissue ; they can also be reduced or 
eliminated by preliminary heating of the sera to 60 or 65° C., as we have done. 

4. Tests on Persons With Evidence of Syphilis . — Complement fixation tests 
with Lygranum were performed on the sera of 131 individuals having evidence 
of syphilis. Some of the sera were specimens collected for routine premarital 
examinations; a large proportion was collected from patients attending venereal 
disease clinics. Various stages of syphilis were represented including latent, 
primary, secondary, and neurosyphilis. In thirty-four of the patients the syph- 
ilitic infection was congenital. Table III summarizes the results of the tests. 


Table III. Lygranum Complement Fixation Tests on Sera of Persons With 

Evidence of Syphilis 


SOURCE of 

NUMBER 

LYGRANUM 

COMPLEMENT 

FIXATION 

INFECTION 

TESTED 

POSITIVE j 

NEGATIVE 

j nonspecific 

Congenital 

34 

2* 

32 1 

0 

Acquired 

97 

59 

30 

8 


•These patients were Frei-positive, married, white women. 

(Thirty of these patients were also Frei tested; all gave negative reactions. _ 


In sharp contrast to the low incidence of positive serologic or cutaneous 
reactions with Lygranum among those with congenital syphilis 30 are tlie find- 
ings in the group of individuals whose syphilitic infection was otherwise ac- 
quired. Forty-five of these ninety-seven were also given Frei tests. The find- 
ings are given in Table IV. 


Table IV 


LYGRANUM 

COMPLEMENT FIXATION 

FREI 

REACTION 

NUMBER IN 

GROUP 

Pos. 

Pos. 

10 

Pos. 

Doubt. 

3 

Pos. 

Neg. 

18 

Neg. 

Neg. 

7 

Xonsp. 

Neg. 

6 

^ T eg. 

Nonsp. 

I 


/thirteen (29 per cent) of the forty-five persons with syphilis of noneon- 
genital origin yielded positive or doubtful Frei tests; the sera of all thirteen 
fixed complement specifically in the presence of Lygranum. These individuals 
included five white women, five Negro men, and three Negro women; from 
none of them was a history of overt lymphogranuloma elicited and on examina- 
tion they were asymptomatic. An additional 38 per cent of the group of forty- 

ve gave Positive complement fixation with Lygranum despite negative Frei 
tests. 

It may be noted that the sera of eight patients with acquired syphilis 
wowed equal fixation with normal yolk sae material and with Lygranum anti- 
Sen ' The significance of the various findings in the patients with syphilis as 
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^opmea will be discussed AM, 
pieseHtation ot the experimental data in tile next section. 

Syphilis — Oomnl e>U t°i Pc !' Soas Wlth Gcn ttoinfcctious Diseases Other Than 
formed on t lSt, ^ f ' vith ^“Phogranuloma antigen were per- 

b^sn^St^w ‘ SCn ‘ *“ w, IA. ™its 

"" v ' ““““ &asffisss£»« «-™ «*» 


disease 
Gonorrhea ~ 

Vaginitis of childhood 
Vonereally acquired 


XU.MI1EK 

tested 


NUJIBEK 

POSITIVE 



Ionia antigen as was found r,. . u ' vuc Positive versus lymphognum- 

infection. Similarly (he r ,;i 1 ? “ 10U P of patients with acquired 

*»* — ^ ot 

syphilitic group. Frei tests ™ t 1 the • hnd,11 - s 111 the congenital 

one of the three whose sen i I « U ? 1,ned 0,1 ^ ie Patients with chancroid: 
response “** ah ° Wed hxUtl011 al *> »««ifctecl a positive cutaneous 

othe/’STLttaa mlf “ S "'“’r " MieMs witA syphilis ami 

=entof“p“;i^“;^r S,te f blc jlT* O .»• 

reactions with Lygranum ‘many of the S}ph ' hs “ ave Positive serologic 

tients coming SiiZ “"fl ‘ “ "T’ ' CS,e ' 1 TOK I "" 

necessarily reflects accurately tl, e Se « w> ° , 7V t "“ t 

counter elsewhere in lai^e-scale tests „„ h . e sho, . ,1<l ex P eut t0 e,1 ‘ 

previously, nb anion- the'Ne-roes of th ^ P°P u,atio »- As reported 

higher in respect to p»M™ “Llm Tlt ° "" S 

and complement ligation tests. I„ ,| le walk o1 ’d Z‘\ “ 7 p ‘'f 
noted similarly that anion” twentv-two \w • , , ue *. aud ^ ac her- it was 

no positive complement fixation reactions with Lv-r'm" " m ‘ C °'f'“. ltal s) T l,llis 
as with sera from adults with nem-osynh „d S U V™> ■*'»“«'. where- 

positive and again the incidence of such reactions' ”*12,? *«!»“«.'• 
Negroes than among whites. detiuitelj higher among 

Knott and colleagues^ have also reported the stu.n- 
clinical syphilis, chiefly Negroes, attending the venereal disease efl’ ^ “ P at,e ‘ Ua mth earl . v 
Hospital. Forty-three of tho seventy-eight cases were m™ f “ IC at * 10 J ° " 1S Hopkini) 
Frei antigen; thirteen responded with positive or doubtful reaction™ This [T* -'““T 

close agreement with our findings of thirteen positive or doubtful e \ T *“ surpnam S 1 >’ 
forty-five syphilitic patients tested with Lygranum Twenty thr TT™ ^ ^ 

Johns Hopkins series gave complement Nation with Lygranum onl V °- « ■ ?° 

four showed fixation with normal yolk sac material as well as with T vi thlrty ‘ 

workers regarded as positive results all complement fixation reactions occ^g^ “iS SZa 
num, even when the same serum reacted equally with normal yolk sac control material. We, 
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on the contrary, liavc emphasized from the outset the difficulty of reaching any valid decision 
as to the specificity of a Lygranum complement fixation test when there is equal degree of 
fixation with the normal yolk sac control. We have considered the Combined reactions as 
nonspecific since they are in most instances due to yolk material not removed during the 
preparation of the viral antigen; it is known, for example, that yolk lipids enhance the 
sensitivity of serologic reactions used in the diagnosis of syphilis. Our own data have in- 
cluded as positive reactions only those where fixation with lymphogranuloma virus antigen 
was marked and the reaction with yolk sac control material was entirely lacking or minimal. 
More recently it lias been shown* that many of the nonspecific reactions obtained with 
syphilitic sera can he eliminated through the use of antigen preparations treated with phenol 
and/or boiling. 

Knott and co-workers'^ found that for syphilitic sera showing fixation with normal yolk 
sac material as well as with Lygranum antigen, absorption with Eagle flocculating antigen 
in many instances removed the reactivity versus both normal yolk sac control and viral anti- 
gens. A similar reduction in some cases followed antisyphilitic therapy; in other patients 
whose sera showed reactivity to both Lygranum and normal yolk sac control, antisyphilitic 
treatment was followed by a reduction in titer versus the control antigen while the titer 
versus Lygranum persisted. These results lend emphasis to our views as to the difficulty 
of assessing the specificity of fixation with Lygranum when the reaction with normal yolk 
sac material is also positive. Further, in certain syphilitic patients showing serologic reac- 
tivity versus Lygranum but not versus the control material, Knott and associates?® observed 
that antisyphilitic treatment did not reduce the reactivity to Lygranum, nor did absorption 
with Eagle flocculating antigen remove the property from the serum, (See also*i>>. 23 .) 
They believed that in these latter cases at least part of the original reaction was due to 
specific antibody versus the virus, indieating lymphogranulomatous infection. They suggested 
that the results of Lygranum complement fixation in syphilitic patients could be evaluated 
best by repeated tests during the course of antisyphflitic treatment. 

The Baltimore investigators were doubtful of the specificity of complement fixation with 
Lygranum because of the large number of positive tests they obtained with sera of patients 
giving no history or signs of overt lymphogranuloma. Koteenzr has pointed out, however, 
that factual data are difficult to obtain from Negroes coming to a venereal disease clinic 
because these patients are prone to overlook small and painless lesions; negative histories 
therefore must be regarded with suspicion. Despite this, it may be noted that among thirty- 
four syphilitic patients of whom specific inquiry was made by Knott and colleagues, sixteen 
gave a history of previous genital lesions which might have been lymphogranulomatous. 


Beeson and Miller^ have recently made an important contribution to our understanding 
of the problem. They carried out Kahn and Lygranum complement fixation tests on STD 
sera from an unselected group of white and Negro patients attending outpatient clinics at 
the Grady Hospital in Atlanta, Ga. The results were analyzed according to race, age, and 
sex. Among adult Negroes, the sera of approximately 40 per cent gave positive fixation 
with Lygranum and the sera of 32 per cent yielded positive Kahn tests. Among adult whites, 
the sera of 12 per cent gave positive fixation with Lygranum and 9 per cent gave positive 
Kahn tests. The age distribution of donors with positive serologic reactions followed much 
1 1« same pattern for the Kahn test as for fixation with Lygranum, with a sharp rise in 
incidence after years of age. The number of persons giving a positive test for one dis- 
ease and a negative test for the other was in all groups greater than the number giving posi- 
ne testa for both diseases. Furthermore, while GO per cent of Negroes, both men and women, 
T l ., 1)0sltuu Kal,n Save positive Lygranum fixation, among the white patients with syph- 
l’ 8 r 0 sera of oul y 18 Per cent of the men and 21 per cent of the women gave fixation with 
ygranum, a racial difference which would not be expected if syphilis were a frequent cause 
. V® P 0h ‘ tlVu serologic tests for lymphogranuloma. Beeson and Miller considered it 
j Ulat th ° «fi h incidence of positive tests with Lygranum in individuals with syphilis 

men /JT ' J, ' SeaEeS is duc t0 actuaI associated lymphogranuloma venereum infection, 
n in the absence of clinical findings. ' 
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From the data and dismission just presented, it appeal's that patients with 
evidence of another venereally acquired genitoini'ectious disease (whether this 
be sypliilis, chancroid, or gonorrhea) frequently show positive cutaneous and/or 
serologic reactivity versus Lygranmn. This is in sharp contrast to the low inci- 
dence of reactions observed in patients who have acquired the same diseases 
by nonvenereal means. Wo do not believe that the high incidence of serologic 
reactions in persons with diseases of such diverse etiology is due to nonspecific 
factors but rather attribute the great bulk of the reactions to an antecedent or 
concomitant infection with lymphogranuloma virus even though overt clinical 
manifestations of the latter may be few or lacking unless very careful search 
is made. A small proportion of the serologic reactions observed among these 
patients may, however, reflect a previous infection with some other member of 
the psittacosis-lymphogranuloma group. 

6. 'Tests on Sent From Persons With Miscellaneous Respiratory and .Yon- 
respiratory Infections . — The data presented in the preceding sections have 
shown that complement fixation with L.vgranum was exhibited by a high per- 
centage of sera from ,(1) persons infected with agents of the lymphogranuloma- 
psittacosis group and (2) those with various infections of venereal origin. It 
seemed desirable to examine the sera of persons suffering from infections with 
agents unrelated to lymphogranuloma virus in which the likelihood of venereal 
acquisition was slight in order to determine the incidence of positive reactions 
in a contrasting group. 

Among sixteen patients with clinically active tuberculosis, ehieily pul- 
monary, the sera of only two were positive versus Lygranmn. One of the posi- 
tive specimens was from a patient with a history of several previous attacks 
of gonorrhea ; nothing was known about the venereal history of the second pa- 
tient. The remaining donors, whose sera yielded negative results, included two 
with tuberculous lesions of the perianal region and genitals, respectively. 

Among nine sera from patients with one of a variety of mmtuberculous 
respiratory infections, none gave fixation with Lygranum. Similarly, in the 
group of eight patients listed as having various nonrespiratory infections, the 
complement fixation tests with Lygranmn were uniformly negative (Table VI). 

It is evident from the foregoing that neither the mere presence of an acute 
or chronic infectious process nor its localization in a site frequently affected by 
members of the psittacosis-lymphogranuloma group of viruses can be respon- 
sible for the findings reported in Sections 1, 3, 4, and 5 of this paper. Our fail- 
ure to obtain complement fixation with lymphogranuloma antigen among the 
sera from the group of patients with assorted respiratory infections (Table VI), 
including atypical pneumonia of origin unrelated to the psittacosis-lympho- 
granuloma group (see Section 3), is in contrast to the findings of Florman 25 ’ 
and Dulaney and Packer 23 who did obtain reactions with Lygranum C. F. in 
tests on sera from patients with various respiratory infections. It is pos- 
sible that the difference in results may be due to the fact that we employed 
anti "eiis in which the virus was separated from the bulk of host tissue mate- 
rials, whereas the commercially available Lygranum used by these workers was 
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less refined. As pointed out previously, Thomas and co-workers- have shown 
that the sera of patients with atypical pneumonia have a tendency to nx com- 
plement in the presence of relatively crude suspensions of a variety of amnia 

tissues. 

Tabi.e VI Lygranum Com clement Fixation Tests on Sera From Persons With 
Certain Nonvenereal Infections 


PATIENT 


CLINICAL CONDITION 


COMPLEMENT 

FIXATION 

TITER 


Wh. 

P. B. 

C. 

H. 

D. 

McK. 
II. K. 

O. R. 
Z. 

M. 

F. 

P. 

S. 

J. B. 
A. 

T. 

W. 


Upper respiratory infection (Acute) 

Upper respiratory infection (Convalescent) 
Upper respirator}’ infection (Convalescent) 
Pneumonia (Pn. type IX) (Acute) 
Pneumonia (Convalescent) 

Pneumonia (Convalescent) 

Pneumonia; pleurisy 

Empyema 

Lung Abscess 

Septicemia (Salmonella suispcstifer) 
Septicemia (Streptococcus hemolyticus) 
Erysipelas 
Osteomyelitis 

Lymphocytic choriomeningitis 
'? Meningitis 
? Escherichia coli sepsis 
- Dysentery 


*»• X JSJ OLlALOl J 

•Titers reported < signify that the specimens were anticomplementary 
tions tested and negative at the titer indicated. 


Neg. 

Neg. - 
Neg. 

’ Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

< 15 ' 

<15 

Neg. 

Neg. 

Neg. 

at lower dilu- 


7. Tests on Sera From Persons With Certain Organic Diseases. For addi- 
tional information as to the range of specificity of the complement fixation ob- 
tained with Lygranum, tests were made on the sera of patients with evidence of 
neoplasia or cardiovascular, renal, or hepatic damage. 

In the group of fourteen patients with neoplasia, the following manifesta- 
tions were included -. carcinoma of stomach, 2 ; carcinoma of sigmoid colon, 1 ; 
carcinoma of rectum, 2 ; papilloma of rectum, 1 ; rectal polyp, 2 ; carcinoma -of 
pancreas, 2; carcinoma of gall bladder, 1; carcinoma of prostate, 1; lymphoma, 
1; lymphosarcoma, 1. On examination one serum was anticomplementary to 
high titer; two other sera were anticomplementary at initial dilutions of 1 :15 and 
1:5, respectively, hut at higher dilutions gave no evidence of specific fixation. 
The only positive reactions (titers 15 and 6) were obtained with sera from two 
ruen who exhibited rectal carcinoma and rectal polyp, respectively. 

The fifteen patients with evidence of cardiovascular damage included indi- 
viduals with congenital heart disease, various degrees of arteriosclerosis, hyper- 
tension, rheumatic heart disease, or subacute bacterial endocarditis. Only one 
serum, taken from a patient with rheumatic heart disease who also had a his- 
tory of thyroidectomy, diabetes, aud postoperative tetanus, was positive and 
this solely at the lowest dilution tested (titer 6). 

Among ten patients with evidence of kidney damage, including glomerulo- 
nephritis, pyelonephritis, nephrosis, horseshoe kidney, pyelitis, staghorn cal- 
culus, or sulf- and methemoglobinuria, none of the sera showed specific fixa- 
tion with Lygranum. 
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On the other imud, in a group of twenty patients with liver damage, in 
most of whom a diagnosis of cirrhosis was made, the sera of eight individuals 
gave definite fixation with titers ranging from 6 to 60 (Table VII). 


Table VII. Lygranum Complement Fixation Tests on skua Fkom persons With 

Evidence oe Lmru damage 


PATIENT 

CLINICAL ( ONII1TION 

EVIDENCE 

OF 

YEN EKE A E 
DISEASE 

FKKI 

K FACTION 

rOlUTJMENT 

FIXATION 

TITER 

c. 

Cirrhosis 

Neg. 

Neg. 

15 

N. C. 

Cirrhosis 

Nog. 

Neg. 

GO 

D. 

Cirrhosis 



Neg. 

G. 

Cirrhosis 

— 

— 

Neg. 

J. 

Cirrhosis 

— 

— 

Neg. 

IC. 

Cirrhosis 

Isv 1 '. 

— 

15 

K. L. 

Cirrhosis 

Nog. 

Neg. ’ 

15 

P. 

Cirrhosis 


— 

<15 

E. S. 

Cirrhosis 

Nog. 



Neg. 

S. 

Cirrhosis 


— 

15 

T. B. 

Cirrhosis; arteriosclerosis; heart 
disease 

Nog. 

— 

15 

W. C. 

Cirrhosis; nontoxic thyroid ado- 
noma 

Nog. 

— 

Nog. 

G. 

Cirrhosis; pneumonia (Pn. type 

Cirrhosis; generalized arterio- 
sclerosis; mild diabetes 

Nog. 

— 

15 

C. M. 

Nog. 

Neg. 

0 

E. O. 

Cirrhosis ; bronchopneumonia 

Syph. 

Neg. 

<15 

R. C. 

? Cirrhosis; jaundice 

Neg. 


15 

II. G. 

? Acute yellow atrophy or cir- 
rhosis; thyrotoxicosis 


— 

::o 

R. G. 

Miliary cirrhosis 

Nog. 

Neg. 

<15 

J. B. F. 

Postinfectious streptococcal hepa- 
titis 

Neg. 

Neg. 

<15 

R. L. IC. 

Hepatitis ( J posttyphoidall 

Neg. 

— 

Nog. 


Discussion: Tlie examination of sera from persons with cardiovascular or 
renal disease or neoplasia offered little or no evidence that complement-fixing 
antibodies versus Lygramun are developed as a result of any of these conditions 
per se. The positive reactions obtained with an appreciable proportion of sera 
from individuals showing signs of liver damage and with no overt evidence of 
lymphogramilomatous infection were at first rather surprising. The nature of 
these reactions is still not clear, and we are not in a position to draw any 
definite conclusion as to the antecedent history of the patients which might be 
responsible for this behavior of the sera. It is well known that increased globu- 
lin and decreased albumin levels may be encountered in hepatic cirrhosis, so it 
might he assumed that the complement-fixing reactivity of the sera with Ly- 
granum is due to physiologic changes which are of an immunologically non- 
specific character. There is also the possibility that some of the positive com- 
plement fixation reactions in this group of patients may indicate infection with 
some, perhaps as yet unrecognized, virus related antigenieally to the members 
of the psittacosis-lymphogranuloma group of agents which may result in liver 
damage simulating that of cirrhosis. 
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Certain recent observations 30 are of interest in this connection. It has been possible 
to show that when mice are inoculated intravenously with a sufficiently large dose of the 
agent of mouse pneumonitis (Nigg), most of the animals will die within three or four hours. 
With smaller doses, however, life may be prolonged for as long as a week or more. Many 
of these mice become bloated and at autopsy show generalized edema, ascites, and pleural 
effusion as well as microscopic changes of early cirrhosis in the liver. Other observations 
given in the afore-mentioned studies 30 and elsewhere" 10 have shown that all of the toxins of 
the psittacosis-lymphogranuloma group of agents cause damage to the liver cells in particu- 
lar. This would support the view that some cases of human cirrhosis may be due, in part 
at least, to infection with an agent belonging to this group. (See also 42 ) Since most 
instances of cirrhosis, however, are undoubtedly due to other causes, the negative serologic 
findings with the majority of cirrhotic sera are readily explained. 

8. Tests on Sera From Laboratory Personnel . — As part of our control 
series we have tested the sera of thirty-two laboratory workers, chiefly from 
New Brunswick personnel; the results are summarized in Table VIII. 


Table VIII. Lygranum Complement Fixation Tests on Sera of Laboratory Personnel 


1 

HISTORY OF 

LYMPHOGRANULOMA VENEREUM 

NUMBER OP 
PERSONS 

TESTED 

COMPLEMENT 
POS. I NEC. 

FIXATION 

| NONSP. 

FREI 

REACTION 

POS. 

Negative 

28 

0 

27 

1 

- 

Equivocal 

1 

1 

0 

0 

i 

Laboratory infection 

5 

5 * 

0 

0 

5 


•The sera of two of these workers, taken before the known infection, had been negative. 


Sera from five cases of undoubted laboratory infection were examined. 
One was from a worker in another laboratory who developed lympliogranulom- 
atous ophthalmitis 43 ; his serum gave definite fixation with Lygranum antigen 
to a titer of 60. Two New Brunswick workers contracted the disease during the 
course of- intensive animal experimentation with highly infectious material. 19 
Tn each, the complement fixation titer of the serum rose markedly and subsided 
only very gradually despite the rapid alleviation of clinical signs and symptoms 
os a result of sulfathiazole therapy. The strongly positive Frei reactions which 
both workers showed in the early stages of their illness diminished in intensity 
during the year subsequent to infection, as shown by repeated tests during this 
period. Still another member of the New Brunswick personnel who was ex- 
posed to very infectious material during the frequent handling of glassware 
containing lymphogranuloma virus developed fever, general malaise, and pain 
»i the region of the left shoulder due presumably to local adenopathy. In this 
case also, the Frei and complement fixation tests were strongly positive .(serum 
titer 480) and administration of sulfathiazole resulted in the clearing of the 
general and local malaise. In the fifth individual the presence of lymphogranu- 
loma was undiagnosed until routine complement fixation tests on the laboratory 
personnel revealed that his serum was strongly positive versus Lygranum. He 
'■id assisted m the care of lymphogranulomatous mice for several months and 
t ! !sco . vere d to have a history compatible with that of recent accidental 
H ee ion including the development of minor herpetiform lesions on the back of 
one band together with general malaise, slight fever, and headache over a 
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period of several weeks. Ilis eondition showed marked amelioration following 
treatment with sullathiazole per os. 

Discussion: From the foregoing observations of laboratory workers we con- 
clude that the sera of persons in whom the likelihood of infection with agents of 
the lymphogranuloma-psittacosis group is minimal rarely contain complement- 
fixing antibodies versus Lygranum antigen. Knott and co-workers 30 obtained 
similar results on testing twenty white members of the hospital staff personnel 
as controls in their study; all of these gave negative reactions to the cutaneous 
and serologic tests with Lygranum. 

On the other hand, eases of laboratory infection with lymphogranuloma 
virus, even though acquired by routes and modes other than those usual for 
this disease, not only become Frei positive, but also develop complement-fixing 
antibodies early in the course of illness, sometimes within a week after the on- 
set; these may persist in the serum for over two years, although with the cessa- 
tion of clinical activity and the possible elimination of the ineitant as a result 
of intensive therapy with drugs of the sulfonamide group, the antibody titer 
tends to diminish and the Frei reaction may become completely negative again. 
In patients with early manifestations of the naturally acquired disease, similar 
reversal of the Frei reaction as a result of vigorous sulfonamide chemotherapy 
has been reported by others, 00, 3r ’ 44 although it does not commonly occur. 

It may be pointed out that, as in the natural disease, laboratory infections with the 
virus of lymphogranuloma may vary widely in clinical manifestations. Some are mild ' 9 * * * * * 15 and 
would be unnoticed unless a Frei or complement fixation teat were performed, while others 
may present signs of acute systemic disease . 15 It would seem a highly desirable precaution 
that individuals working intensively with the agent should perform complement fixation 
tests on their own sera at frequent intervals to cheek on the possibility of infection. 

9. Tests on Sera From Persons With Genitoinguinal or Lower Bowel Le- 
sions of Questionable Origin . — In the course of this study there was opportun- 
ity to investigate the value of the complement fixation test in affording evi- 
dence to confirm or exclude the diagnosis of probable infection with the agent of 
lymphogranuloma venereum in: (I) patients with genitoiuguinal lesions com- 
patible with those of early lymphogranuloma but in whom the Frei test was 
not definitely positive; (2) patients with genitoiuguinal lesions of question- 
able origin but with positive Frei reaction; (3) patients with genitoiuguinal 
lesions of questionable origin and negative Frei reaction. From Table IX it 
may be seen that in the small number of cases tested, complement fixation with 
Lygranum was regularly obtained with the sera of patients in the first two 

groups but with only certain sera from patients in the third group, hi this 
latter group the positive results were obtained in those patients whose history 
and signs suggested the possibility of previous lyinphogranulomatous infection. 

In Table X are summarized the data on seventeen patients, each of whom 

presented one of a variety of lower bowel lesions of questionable origin. Two 

patients showed positive or doubtful Frei reactions, and the sera of both gave 

fixation with Lygranum. Among the remaining fifteen patients, the sera of only 

four yielded positive reactions. As might be expected, this incidence is con- 
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siderably lower than, was observed with the sera o£ persons who showed bowel 
lesions regarded clinically as lympliogranuloniatous and who also yielded posi- 
tive Frei reactions (see Table I). 


TABLE IX. LVGBAXUM COilPLEMEXT FIXATION TESTS ON SERA FROM PERSONS WITH 
Genitoixguinal Lesions op Questionable Origin 


GROUP | 

' 

PATIENT | 

RACE 

1 

SEX 1 

■1 

J 

LESIONS PRESENTED i 

EVIDENCE] 

OF 

OTHER VE-j 
NEREAL ' 
DISEASE 

1 

FREI 

REACTION ' 

COMPLE- 

MENT 

FIXATION 

TITER 


C. A. 

IV 

F 

Inguinal adenopathy, recent 

Neg. 

Neg. 

120 


J.G. 

IV 

11- 

Inguinal adenopathy, recent 
plus penile lesion 

Neg. 

Neg. 

O' 

a 

A. H 

IV 

M 

Inguinal adenopathy, recent 

Syph. 

Doubt. 

120 


R. L. 

IV 

11 

Inguinal adenopathy plus 

penile lesion 

Duerey 

test 

Pos. 

Neg. 

60 


B. B. 

IV 

F 

Hard mass in pelvis; 1 iibrotic 
lymph nodes 

Neg. 

Pos. 

6 

b 

C.B. 

N 

11 

Hass in right seminal vesicle, 
reduced with sulfathiazole 

Syph. 

Pos. 

0 


C.G. 

IV 

11 

Fibrosis of corpora cavernosa 

Gonor. 

Pos. 

6 


11. J. 

X 

F 

Bartholin’s abscess 

Syph. 

Pos. 

120 


■7. L. 

IV 

11 

Balanitis 

Neg. 

Pos. 

6 


IV. IY, 

IV 

11 

Nodule in scrotum 

Neg. 

Pos. 

6 


L.B. 

IV 

F 

“Spot on womb” 

— 


Neg. 


H.L. 

IV 

F 

Acanthosis of vulva 

Neg. 

Neg. 

<60 


V.JL 

X" 

,F 

Ulcerating lesion of vulva ; 
improved with sulfanilamide 

Neg. 

Neg. 

15 

c 

il. M. 

i 

IV 

11 

Eight inguinal scar and sinus; 
scrotal swelling 

Neg. 

Neg. 

Neg. 


o.s. 

IV 

11 

History of inguinal adenopathy; 
mass between rectum and 
peritoneum 

Neg. 

N eg. 

(5 

. 

L.S. 

Y 

If 

Old inguinal sears 

Syph. 

Neg. 

0 


Table X. Lygbanum Complement Fixation Tests on Sera From Persons With Lower 
Bowel Lesions op Questionable Origin 


PATIENT 

RACE 

SEX 

R. B. 

SHEIKH 

11 

X. 

_ 


C. S. 

w 

11 

F. V. 

IV 

11 

C. E. 

IV 

11 

ir. b. 

IV 

11 

H. G. 

IV 

11 

•r, g. 

IV 

11 

W. B. 

IV 

11 

A. II. 

IV 

11 

M. S. 

IV 

F 

ir. w. 

IV 

It 


IV 

11 

0. M. 

IV 

F 

S. V. 

Y 

It 

C. E. 

IV. 

11 

U. G. 

IV 

F 


CLINICAL CONDITION 

Ulcerative colitis 
Ulcerative colitis 
Ulcerative colitis 
Ulcerative colitis 

Stricture from hemorrhoidectomy 

Stricture from hemorrhoidectomy 

Heetal stricture 

Rectal stricture 

Pruritus aai 

Pruritus ani 

Fissure in uno 

Perianal fissure 

Fistula in ano 

Rectal nodule 

Rectal polyp with histologic pic- 
ture of lymphogranuloma 
? Carcinoma of rectum in 1932; 
no recurrence after abdomino- 
perineal resection 
Lymphocytic granuloma of rectum 


FREI 

REACTION 

COMPLE- 

MENT 

FIXATION 

TITER 

Neg. 

' 6 

— 

Neg. 

— 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Xeg.- 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

6 

Neg. 

Neg. 

Neg. 

120 

Neg. 

G 

Neg. 

Neg. 

Doubt. 

320 

Pos. 

CO 

Neg. 

Neg. 
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Discussion: The limited data presented in this section indicate that the 
complement fixation test with Lygramim may he of definite aid in the estab- 
lishment of an etiologie diagnosis in certain cases of genitoinguinal or lower 
bowel disease where the lack of a positive Frei reaction or the character of the 
lesions raises some doubt as to their lymphogranulomatous nature. In such 
cases repeatedly negative serologic tests would make infection with the agent of 
Xicolas-Favro disease seem highly unlikely, while positive tests are suggestive 
of an infection with some member of the lymphogranuloma-psittacosis group 
of agents and call for further study of the patient, including repeated Frei 
tests. It has been observed that the latter may subsequently become positive, 
thus confirming the earlier serologic findings. 

10. Tests on iScrti From Persons With Uror/cnitnl Lesions of Questionable 
Oritjin . — In Table XI are presented data concerning the findings in a group of 


Tabi.e XI. Lvc.it a sum Complement Fixation' Tests ox skua Fuosr Pkuso.vs With ITr.o- 
r.KxiT.u. Fusion's or Qi'estioxauu: Oitioix 


I* ATI EXT 

HACK 

SEX 

CLINICAL CONDITION 

KViiwsct: 
or oj'im: 
venereal 
disea.sk 

| j 

Mill 

| KKACT10X 

i 

MENT 
| FIXATION 

titer 

X. D. 

\v 

M 

Uiethritis 

X f». 

Xeg. 

13 

M. F. 

\v 

AI 

Urethritis 

Xeg. 

Xeg. 

Xeg. 

G. 

AV 

AI 

Urethritis 

Xeg. 

Fos. 

30 

It. S. 

X 

AI 

Uretiiriti.s 

Xeg. 

Pos. 

30 

c. s. 

X 

.At 

Urethritis 

Xeg. 

Pos. 

fi 

ir. s. 

W 

F 

Urethritis anti cystitis 

Xeg. 

Xeg. 

6 

H.T. 

w 

F 

Urethritis and cvstitis 

Xeg. 

Pos. 

w 

F. \V. 

\v 

AI 

Urethral stricture 

Xeg. 

Xeg. 

. 30 

,T. D. 

w 

At 

Urethral stricture, prostatitis 
and periurethral abscess 

Xeg. 

Doubt. 


S.P. 

\v 

At 

Uiethral stricture and prostatitis 

Xeg. 

Xeg. 

Xeg. 

E. X. 

w 

At 

Urethral stricture and carcinoma 
of prostate 

Conor. 

Xeg. 

13 

G. 

w 

-AC 

Urethral fistula 

Xeg. 

Xeg. 

13 

AL 

■ — 

— 

Prostatie hvpertrophv 

Svpit. 

— 

Xeg. 

F. n. 

w 

AI 

Cvstitis 

Xeg. 


Xeg. 

At. (’. 

\v 

At 

Cystitis 

Xeg. 

— 

Xeg. 

F.G. 

— . 

— 

Cvstitis 

Xeg. 

Xeg. 

Xeg. 

A. G. 

— 

— 

Cvstitis 

Xeg. 



Xeg. 

.T. K. 

av 

At 

Cystitis 

Conor. 

Pos. 

WO 

A. L. 

w 

F 

Cystitis 

Xeg. 

Xeg. 

Xeg. 

L. M. ' 

w- 

F 

Cvstitis 

Xeg. 

Xeg. 

Xeg. 

AT. X. 

AV 

F 

Cystitis 

Xt*'L 

Xeg. 

15 

0. 

AV 

F 

Cystitis 

Xeg. 

Xeg. 

Xeg. 

L.P. 

AV 

V 

Cvstitis 

Xeg. 

Xeg. 

Xeg. 

S.P. 

AV 

F 

Cystitis 

Xeg. 

Xeg. 

Xeg. 

P. 

AV 

F 

Cvstitis 

Xeg. 

Xeg. 

Xeg. 

J. P. 

AV 

F 

Cystitis 

Xeg. 

Xeg. 

Xeg. 

E. R. 

X 

Ar 

Cystitis 

Xeg. 

Xeg. 

Xeg. 

I. K. 

AV 

At 

Cystitis 

Xeg. 

Xeg. 

Xeg. 

J. S. 

AV 

A! 

Cvstitis 

Conor. 

Pos. 

15 

AI. S. 

AY 

V 

Cvstitis 

Xeg. 

Pos. 

15 

I. W. 

AV 

F 

Cvstitis 

Xeg. 

Doubt. 

Xeg. 

L. W. 

AV 

F 

Cvstitis 

Xeg. 

Xeg. 

Xeg. 

AV. 

AV 

F 

Cystitis 

Xeg. 

Xeg. 

Xeg. 

L. K. 

W 

AI 

Neurogenic bladder 

Syph. 

Doubt. 

Xeg. 

J. R. 

AV 

F 

Hunner’s ulcer of bladder 

Xeg. 

Xeg. 

Xeg. 

L. E. 

X 

. F 

Hunner’s ulcer of bladder 

Xeg. 

Pos. 

0 

At. M. 

AV 

At 

Hematuria 

Xeg. 

Xeg. 

Xeg. 

A. B. 

AV 

AI 

Hematuria 

Xeg. 

Pos. 

120 

J.K. 

AV 

AI 

Congenital vesicorectal fistula 


— 

Xeg. 
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patients with urogenital lesions of questionable origin. Of eleven persons with 
urethral disease but with no evidence of infection by other venereal agents, four 
who gave positive Frei reactions and one with a doubtful Frei reaction also 
showed serum antibodies reacting with Lygranum antigen. In these cases the 
observed clinical manifestations would appear to be due to lympbogramilomatous 
infection; instances of abacterial urethritis believed due to this cause are al- 
ready recorded in the literature . 10 Five additional individuals in the group 
with urethral lesions (including one with a history of gonorrhea) exhibited 
complement-fixing antibodies although the Frei reaction was negative. Since 
it is known that some cases of urethritis may be due to the virus of inclusion 
conjunctivitis 17 and since the sera of two persons with ocular diseases due to 
this agent were previously noted to give fixation with Lygranum antigen , 12 it 
cannot be stated which of these two related viruses may have been responsible 
for the urethritides in the group with negative Frei reactions. 

In twenty-three patients with bladder disturbances, on the other hand, 
only five showed complement-fixing antibodies versus Lygranum, and four of 
■ these also gave positive Frei reactions indicating that they had been infected 
with lymphogranuloma virus. A more detailed account of the clinical findings 
in these five patients has been presented by Marshall and Endieott . 48 

COMMENT 

It seems desirable to summai’ize here our present information regarding 
the immunologic features of human lymphogranulomatous infection since this 
knowledge is prerequisite to the proper interpretation of the data presented in 
the preceding sections. 

Following the introduction of active lymphogranuloma virus in the body, 
there is usually a relatively prompt appearance of complement-fixing antibodies 
which may he detected as early as a week after the time of infection 10 ; during 
the subsequent few weeks the titer rises to a maximum, the level of which will 
vary with the individual. Increase in the serum globulin may also appear prior 
to the acquisition of cutaneous reactivity 19 which usually, though not invariably, 
developes after an interval of several weeks of infection . 13 ’ 50 ' 01 The clinical 
activity of the individual ease would appear to play some, but not necessarily 
the major, role in determining the intensity of the cutaneous reaction as well- 
as the serologic titer. 

In the person who does not receive effective therapy the disease may regress 
spontaneously or may continue active for long periods of time. Even when the 
disease becomes clinically healed living virus may continue to reside in the tis- 
sues, perhaps dormant but still capable of stimulating the continued production 
of complement-fixing antibodies and enduring reactivity to the Frei test. Thus 
patients whose lymphogranulomatous infections date back many years will often 
give positive cutaneous reactions to Frei or Lygranum antigens 3 - fi as well as 
complement fixation with the latter 52 ; they may still be infectious for their 
•sexual partners and, moreover, active virus has in some instances been recovered 
experimentally from these cases of long duration . 1 The prolonged stimulation 
y viral antigen frequently results in the marked synthesis of complement-fix- 
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ixt P nt nf°« ,f i thiS bei ,"f r ,lecl . ed "* “ l " sb smuu tiU ' v 111,(1 Probably also in the 
extent ot the liypei-lobulmeinin so frequently noted in this disease »■«. » 

I1 | ;l pa ^ Mlt ' Vlth earl ; v si S»s of the disease is given vigorous and adequate- 
y pio onged treatment with an effective drug such as one of the sulfonamides, 

“ ‘ iect , 10U inay be . stenhml - r » SHch ease the skin hypersensitivity will 
JV!“ C ’ aild . 0V ^ * 1 ;. eia °' 1 ° f ,,10,,tl,s 011i; »«».v observe an actual reversal of the 
llc j ou ' ’ 5 the level of complement-fixing antibodies also falls 

aduaUy but reactions ot low titer may still be demonstrable for manv months 
alter the skin reactivity has disappeared” There is evidence that with clinical 

iZai™S^' e C eValed sm,, “ - lobulin may also decline toward the 

It is well known that there may be considerable variation among individuals 
n then- response to a given antigenic stimulus whether this is encountered in 
e comse of clinical disease or during artificial immunization. Undoubtedly 

’ . 11 V Uia 1011 1S ‘ sbouH 111 * be taction to lymphogranuloma virus, which in 

lost patients appears to constitute a fairly potent antigenic complex. ' It should 

Vi 11 ch*? e ! l ’■! Ve ' tImt UVe r y . imlivi ‘ lual 'Vho is infected with the agent 
. '' ceini e cutaneous reactivity or antibody production, although the 

last majority do, m fact, exhibit these responses.' 1 * 

a. r^u^ i £o;rs“r“" , ‘h u ' » »» »•<>■ 

noted- between the serum tiTr. . i 1 trU0 1 ,at s0,ne general correlation has been 

lomaMj this may be eongUcri^foTOri^Tho^ t‘ t \ K "}; >nc(,us rw,utiou in Umphograuu- 
reaction depends m 1 a 1 0 r '' ( possibility, namely, that the positive Frei 

r r ne ° f an adequate quantit - v ° f complement-fixing antibody in 
L v d ioo l f b -' 110 n,eaus ^variable, however, and there is other evidence 

1,1 '\« nt ^ — — 
variety whereas dcHvod !• “ ul " 1,h “renlnting antibody are of the immediate 

-* 'Stjssi - sr **"*?. *■*•*■* 

resembling the reaction to tuberculin or elnncrohhil rC,U ' tl0U Is ,l llolu -' eJ r0 ‘ lctl0n 

born to lympliogranulomatous mothers rarely rive ' ° Secon ' 1 pllice > in,nnts 

transfer of complement-fixing antibodies neros! the nb, l Ml0n f 5 althou S h P Msiv0 
persons infected with other viruses of the ^t l ' , ° WU V 0 ^ 3 '' 33 ' “ Further, 

potent complement-fixing antibodies whicl . will' r^act Sfif” “! f.?“ P dC '?.° P 

cutaneous reactions with this untwen 12 , or Finally w I ' 0 ,m . ura ’ - ct f:ul to S> vo P 0Sltne 
fvide infra 1 which f , 111,11 " e obtained certain limited oridence 

r bo , er " b> - ,m “ n 

n +.111 , 0 * P & amuomu. Aims within the bodv is t nrcrenui^ite 

for the development of cutaneous reactivity. } prerequisite 

Eight normal laboratory workers received, over a period of several months repeated 
(up to ten) mtradermal and subcutaneous injections of 0.25 to 1.0 ml. of formalized 
Lygrannm antigen, quantities many times greater than those which would be used in a cu- 
taneous test. Their sera were tested from time to time and in two members of the ''roup 

no antibodies were found j one person developed a titer nf i; • ,*T ^ 

, 1 * * upLU a uter ot ‘iiree persons showed a titer of 

lo; two workers developed a titer of 00. None of the eight showed a positive cutaneous 
reaction to Lygrannm, although lymphogranulomatous patients with a serum titer as low 
as 6 usually give a positive mtradermal reaction, frequently of marked intensity. One of the 
workers with serum titer of GO subsequently acquired active infection in the laboratory, fol- 
lowing which the skin reaction became strongly positive; the serum titer also showed a further 
rise. The failure of Lygrannm to induce cutaneous hypersensitivity in nonlympho-ranu- 
lomatous individuals despite repeated injections is in agreement with the behavior of human 
Frei antigen under similar circumstances. so, 01 , 5 s 
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With the foregoing in mind, we are now in a better position to consider 
Lygranum complement fixation in the diagnostic study of patients concerning 
whom the question of fymphogranulomatous infection is raised. We believe 
the following statements to be justified on the basis of the available data. 

Among individuals with authentic lymphogranulomatous disease, irrespec- 
tive of localization, nearly all will yield positive complement fixation as well as 
cutaneous tests with Lygranum. Only very rarely will a positive Frei reaction 
be obtained in the absence of serologic reactivity (see Section 1). By and large 
the complement fixation test, as we have performed it, appears to be definitely 
more sensitive and it will therefore detect an appreciable proportion of reac- 
tors who fail to yield definitely positive cutaneous tests (see Section 9). The 
serologic test may become positive before skiu hypersensitivity has developed 
and may persist after the waning of the latter (see Section 8). 

There are numerous patients who are asymptomatic but who exhibit definite 
reactivity to cutaneous and serologic tests with Lygranum. In such persons the 
demonstration of positive responses in both tests is strong evidence in favor 
of antecedent infection with the virus of lymphogranuloma, whether or not 
there are overt signs of Nicolas-Favre disease. Instances of this sort are not 
infrequently encountered among those who have acquired other venereal dis- 
ease (see Sections 4 and 5) as well as among marital partners of persons who 
themselves present evidence of pre-existing lymphogranuloma. 

In patients who show complement-fixing antibodies versus Lygranum but 
who do not react to cutaneous tests, the decision as to diagnostic significance 
requires consideration of the following possibilities. Some of these serologic re- 
actions may reflect lymphogranulomatous infection in persons with skin 
anergy so > 51 > 58 ; it has been noted in this connection that a temporary reduc- 

tion in cutaneous reactivity to Frei antigen may sometimes occur during an 
early syphilitic infection. 5415 ’ G0 In certain cases cutaneous reactivity may not 
yet have developed or a previously existing reactivity may have faded due to 
sterilization of the infection while antibodies have persisted as testimony to the 
former presence of virus (see Section 8). In other instances, the reactions may 
be due to infection with a related virus such as those of ornithosis, inclusion 
blennorrhea, or trachoma (see Section 3). In this group of patients, therefore, 
the results of a single complement fixation test do not allow a dogmatic conclu- 
sion about the nature of the antecedent infection in any individual case; re- 
peated quantitative serologic tests to determine possible alterations in titer with 
tbe passage of time, as well as a carefully taken history, may throw additional 
light on the etiologic background. 


It was formerly believed that Nicolas-Favre disease was relatively uncom- 
mon and that it nearly always manifested itself in a frank syndrome. During 
die past fifteen years our knowledge of the nature and extent of the infection 
ms been altered radically. This is due in part to tbe demonstration of an un- 
expectedly large number of clinical eases in communities where the prevalence 
oi- the disease bad not been appreciated previously'*- 01 and to the discovery of a 
ugh incidence of positive Frei reactors among those groups in the population 
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where promiscuity, aiul pour sexual hygiene frequently eventuate in other 
venereal infections. 1 * 1 ' UI The results of complement fixation tests with Lygra* 
num have extended the data previously obtained from cutaneous tests. There 
is now abundant evidence that the natural history of lymphogranulomatous in- 
fection is in some respects not unlike that of tuberculosis or syphilis. All are 
highly contagious, but in many individuals the infections are so mild that they 
pass unnoticed unless thorough physical examination and history are obtained; 
other persons experience subclinical or asymptomatic infections which are only 
detected by immunologic methods. With the limitations previously noted, the 
complement fixation test with Lygnupun is a valuable epidemiologic tool, since 
it can serve as a screening device for the selection of those elements in the 
population which might most profitably he further investigated. 

SUMMARY* 

1. In a group of 145) patients who showed a wide variety of overt lesions 
regarded clinically as lymphogranulomatous and who gave positive cutaneous 
reactions to lymphogranuloma antigens, the sera of over 9S per cent were found 
to fix complement in the presence of Lygra num. 

2. The antibody titers varied markedly among individuals; differences as 
great as several hundredfold were observed. It was noted that with the tech- 
nique employed approximately 10 per cent of the lymphogranulomatous sera 
reacted, but weakly, giving definitely positive results only in the lowest serum 
dilution tested (titer (j by our notation). 

3. The limited data available suggested a correlation between the titers of 
complement-fixing antibodies and the globulin values of lymphogranulomatous 
sera. 

4. Complement-fixing antibodies versus Lygrauum were also demonstrated 
regularly in the sera in several cases of accidental laboratory infection with the 
virus and in the sera of groups of Frei-positive persons (-1) who showed evi- 
dence of urogenital localization of lymphogranuloma, or (2) who showed le- 
sions of questionably lymphogranulomatous origin, or .(3) who appeared asymp- 
tomatic in regard to lymphogranuloma venereum. 

5. In healthy’ - individuals (for example, laboratory* workers) who were not 
known to have had contact with viruses of the lymipliogranuloma-psittacosis 
group, the complement fixation test with Lygrauum gave negative results. In 
contrast, the sera of patients who were known to have been infected with other 
members of this group of related viruses in most instances gave reactions with 
lymipliogranuloma antigens. 

6. Reactions were only* rarely* observed among patients suffering from non- 
venereal infectious diseases due to agents unrelated to the lymipliogranuloma- 
psittacosis group, irrespective of the site of localization. 

7. The sera of patients with neoplasia or cardiovascular or renal disease 
seldom showed reactions with Ly*granum. An appreciable proportion of the 
sera from a group of patieuts with evidence of hepatic damage did show- such 
complement fixation; the possible significance, of this is discussed. 
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8. The results of complement fixation tests with Lygranum supported the 
concept that among tiiose who acquire other genitoinfeetious diseases as a conse- 
quence of sexual promiscuity there may frequently occur a concomitant infec- 
tion with the virus of lymphogranuloma venereum. 

9. The analysis of the available data indicates that the complement fixation 
test with Lygranum has certain limitations but may properly be considered 
useful in diagnostic and epidemiologic studies. 

We wish .to record our particular thanks to Dr. A. W. Grace and Dr. M. E. Howard, who 
furnished us with many of the sera used in this study as well as much valuable information 
concerning the donors. .We arc also grateful to the following colleagues who kindly furnished 
additional sera and the pertinent clinical data: Dr. T. Badger, Dr. T, M. Brown, Dr. H. B. 
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COAGULATION TIME OF BLOOD HEPARINIZED IN VITRO: 
CORRELATION OF RESULTS WITH THOSE OF THE 
HEPARIN TOLERANCE TEST 


Albert B. Hagedorn, M.D., and Nelson W. Barker, M.D. 
Rochester, Minn. 


R ECENTLY we reported on a heparin tolerance test 1 and gave results ob- 
tained in a study of normal subjects and patients suffering from various 
types of intravascular thrombosis. This paper is presented to show the results 
obtained with a test of coagulation time of whole blood heparinized in vitro and 
to compare these results with those obtained with the more complex heparin tol- 
erance test. 

The idea of determining coagulation time after adding heparin to blood in 
vitro rather than in vivo was suggested by papers published by Waugh and 
Ruddick. 2 - 3 These workers used a series of test tubes containing progressively 
increasing amounts of heparin, each of which contained 1 ml. of venous blood. 
After the coagulation time of the blood in each of the tubes was determined, a 
curve was charted and from this they derived their conclusions. We wished to 
establish a simpler procedure. 

If the blood volume of an average normal adult were 5 liters, 25 mg. of 
heparin given intravenously for a heparin tolerance test would produce a con- 
centration of 0.005 mg. of heparin per cubic centimeter of blood ten minutes 
after injection, at which time the blood and heparin should be mixed com- 
pletely. Arbitrarily then, we decided to determine the coagulation times of 1 
ml. of blood drawn from normal persons and patients suffering from intravascu- 
lar thrombosis when the blood was added immediately after withdrawal to 
0-005 mg. of heparin. Obviously, after an intravenous injection of 25 mg. of 
heparin the concentration of heparin is not always 0.005 mg. per milliliter of 
blood, since the blood volume of adult individuals varies. Hence, a slight 
discrepancy might be expected in comparing the coagulation times of blood ob- 
tained in the heparin tolerance test and in the test of heparinized blood in vitro. 

The coagulation test of blood heparinized in vitro was performed as fol- 
lows. Three 10 by 75 mm. glass tubes were used for each test. One tube was 
left empty. In the second tube, 0.5 ml. of a 0.9 per cent solution of sodium 
chloride without heparin was placed. In the third tube, 0.005 mg. of heparin 
dissolved in 0.5 ml. of 0.9 per cent solution of sodium chloride was placed. Blood 
was withdrawn from the antecubital vein and 1 ml. was measured, carefully and 
placed in each of the three tubes. The second and third tubes were vigorously 
inverte d three times as soon as the blood was added in order .to mix the blood 
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HAGKDOKX AND I5AKKKU 


Table 1. Coagulation Time in Minutes of Twenty-Six Normal Subjects 
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Table II. Coagulation Time in .Minutes in Nineteen Cases of Tiir.oMfiosis 
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COAGULATION TIME OF BLOOD HEPARINIZED IN VITRO 


Table III. Repeated Coagulation Times in Minutes on Different Dates in Three Nor- 
mal Subjects 



SUBJECT 1 
AGE, 38; SEX, F 
WEIGHT, 122 

> 

SUBJECT 2 
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WEIGHT, l3l 

SUBJECT 3 
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1 ml. of blood and 0.5 
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sodium chloride 
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chloride, and 0.005 

50 

54 51 56 
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51 
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46 

mg. heparin 

1 ml. of blood 10 min. 
after intravenous 
injection of 25 mg. 
heparin 

56 

63 

54 

60 

64 

51 

59 

48 

64 

48 

44 

52 

57 


with, the solutions. The timing was begun as soon as the blood was drawn from 
the vein into the syringe. All tubes were inverted at thirty-second intervals un- 
til clotting oecui’red as in the heparin tolerance test. All tests were carried out 
at hospital room temperatures. Inasmuch as some question arose concerning 
loss of potency of the dilute solution of heparin used in the test, a fresh solu- 
tion of the heparin (10 mg. in 1,000 ml. of 0.9 per cent solution of sodium 
chloride) was made every seven days or oftener as needed. - 

The coagulation time 'of blood heparinized (0.005 mg. per milliliter) 
in vitro was determined, and the heparin tolerance test was carried out suc- 
cessively on the same day in forty-five persons. The results of the two tests are 
compared in Tables I and II. 

The coagulation time of 1 ml. of blood did not differ significantly from that 
of 1 ml. of blood mixed with 0.5 ml. of 0.9 per cent solution of sodium chloride 
(Tables I and III). 

In this study the coagulation times of blood heparinized in vitro and in 
vivo were essentially similar for each of the persons who were tested. Kela- 
tively slight differences may be explained by variations in blood volumes from 
5,000 ml. in different individuals and also are probably within the limits of the 
experimental error inherent in either method. 

The results of the heparin tolerance test can be closely duplicated by testing 
the coagulation time of blood added to heparin in vitro immediately after with- 
drawal if the concentration of heparin is approximately the same. The coagula- 
tion time of heparinized blood in vitro is a simpler test. 
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the metal knife-edge depends on the total volume of the tail which changed on 
lowering or raising the pressure in a sphygmometer cuff above or below the 
systolic pressure. Even with this extremely sensitive system the necessity of 
heating normal unanesthetized animals in order to obtain volume changes in the 
tail was not completely overcome. The results obtained' were very much in 
agreement with those of Proskauer and co-workers. During the course of our 
experiments, it was observed that : 

1. Even with our more sensitive method of z’eeording volume changes in the 
tail, we were generally unable to obtain volume changes without heating the 
animal. 

2. As the rats were warmed, readings could gradually be obtained, the 
volume change being greater as more heat was applied. However, these volume 
changes did not occur at the same sphygmometer pressure-cuff pressure but 
at higher indicated pressures. There seemed to be a proportionality between 
temperature and observed blood pressure reading. 

3. When the rats were heated excessively the blood pressure reading Sell 
suddenly to very low levels. 

4. In attempting to standardize the rate of heating, different rats responded 
differently to the same heating conditions, and the same rat responded dif- 
ferently on different days to given heating conditions. 

5. There were no optimal conditions under which comparable blood pres- 
sures were obtained in the same rat or in different normal rats. 

6. Eats which gave no indirect readings at normal room temperature, when 
nembutalized, gave indirect blood pressure readings at normal room tempera- 
ture and higher readings when heated under anesthesia. 

For these reasons, it was obvious that a more dependable method of indirect 
blood pressure measurement would have to be developed if the rat were to he 
used for chronic blood pressure studies. This method would have to fill the 
following prerequisites : 

(1) The indirect method of determining the blood pressure must be on 
some appendage other than the tail, in order to obviate the “reflex vasocon- 
striction” of the arteries of the tail which was influenced by heating or anes- 
thetizing the animal. 

(2) The normal, unheated, unanesthetized animal must be used in order 
<o eliminate all contributing factors which would influence blood pressure. 

(3) In taking the blood pressure, control of all physical factors (light, 
handling, type of restraint, etc.) which would affect blood pressure must be 
possible. 

After approximately one and one-half years of further study an instrument 
and a technique was developed which met the stated requirements. It depends 
°n (1) use of the foot (Griffith’s technique), 1 and (2) measurement of volume 
change (Byrom and Wilson, 3 and Williams and associates 3 ) of the foot 
(Griffith) by means of the change in volume and intensity of light as measured 
•y a photoceU-microammetcr arrangement. 

The instrument and technique which have eventually given us the men- 
tioned prerequisites are described below. 
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The Iiat Holder . — The restraining' cage has been developed with a view to 
comfort and darkness (for quietness) ; it is well ventilated and so constructed as 
to leave the two hind legs suspended freely at the groin. The ‘'head” part of 
the cage is of metal with a large overlapping cover. This cover is not airtight 
and permits free entrance of air but not light. At approximately the chest 
region of the rat a leather '‘body holder” Is fixed to the metal head case with a 
damp. This leather is split along the “hack.” At the “tail end” of the cage 
two holes are made through the leather to permit the legs to hang. When the rat 
is in the cage the split on the “back” of the cage is held dosed by means of clips. 
When the rat has been in the cage for a minute or so, it usually relaxes and re- 
mains quite still (see Fig. 1). 



Fig. 1. — Photograph of rat holder and vuiious types of rat foot holders. 


The Sphygmometer Cuff. — The type of sphygmometer cuff necessary re- 
quired standardization in making them. A study has been made of different 
cuffs varying in cross-sectional thickness of tire wall and in cross-sectional di- 
ameter of the tube itself. 

The cuffs are made as follows : 

Natural Latex* is well emulsified and filtered through cheesecloth into a 
graduate. It is allowed to stand for one hour, after which time any minute 
air bubbles in the top of the emulsion are brushed off with scraps of filter paper. 

Glass rods of the desired diameter, approximately ten to twelve niches 
long, are cleaned well, rinsed with distilled water, and then rinsed with 3 per 
cent ammonia water. They are allowed to air-dry and then are clipped into the 
latex. The rods are carefully (without touching the sides of the graduate) with- 

•Obtained from General Latex and Chemical Co., Cambridge, Mass. 
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drawn at a constant rate of speed. (A geared electric motor with a spindle is 
very desirable.) The rate of withdrawal of the rod determines the wall uni- 
formity and thickness of the rubber tube. Usually four inches a minute has 
been the satisfactory speed. A single dipping will give a thin rubber tube which 
does not stand excessive use. After permitting the rod to air-dry for 1.5 to 2 
minutes, the rod is again immersed and withdrawn at the same speed. It is al- 
lowed to air-dry as before. Any minute air bubbles may be removed from the 
rod by blowing gently on the rod or by carefully touching the air bubbles with 
the torn edge of a piece of filter paper. The rod may be dipped as frequently 
as desired for building up the wall thickness. 



Pjg. 2 — Preparation of spin grmometer cuffs. 


The rod is then allowed to air-dry for seventy-two to ninety-six hours, or 
me process may be speeded up by heating in an oven at 99 to 100 0 C, for four 
o six hours. When dry, the rubber tubing is removed from the rod by lubrieat- 
mg thoroughly with a glycerine (3 Gm.)-talc (1 6m.) mixture both externallv 
>m internally as it is freed from the rod. When completely free of the rod 

uwlV , Gr - tU ? e 5s washed with wa ‘«. d » e d and lubricated with tale. Ser- 
«<ms oi desired length may be cut as needed 
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The si/e cuff most practical and efficient lias been found to be a 2-dip, 
five-inch per minute 5 mm. diameter tube. A length of approximately 7 cm. is 
cut off and sealed at one end with rubber cement. The other end is joined and 
cemented to S to 12 cm. of 5 mm. catheter tube. A 9 cm. piece of one-fourth or 
five-sixteenth inch ribbon is also cemented to the catheter by winding with a 
5 mm. wide strip of latex cut from a sheet (see Fig. 2). 

Cuffs of varying outside diameters and wall thicknesses have been prepared, 
and corresponding variations in the indicated blood pressure were determined. 
When cuffs less than 4 mm. diameter (when flattened out) are made by a 2-. 
or more, dip procedure, the wall thickness begins to play a role and excessively 
high recorded pressures ensue since the resistance of the rubber must be over- 
come in order to compress off the circulation into the foot. An initial standard- 
ization of cuffs, making a comparison with a direct puncture, would be advisable 
for one who has not had previous experience to be sure that the cuffs are of the 
proper thickness. 



Eig. J. — Illustration of positions of foot, foot holder, cuff. light, and position of rat for tnknu 

tlie blood pressure. 

The Photocell-Microammeter Volume Change Indicator . — As shown in Fig. 
3, the only light striking the photocell is that which passes through the foot from 
the light source. This value of light will remain constant as long as the foot 
is still and allowed to function normally. But when the flow of blood leaving 
the foot is restricted, the foot will begin to swell, causing a decrease in the 
amount of light striking the photocell. The circuit for the indicator is shown 
in Fig. 4. High impedance pentode tube acts as a load impedance for the high 
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impedance vacuum type photocell. The characteristic curves (Fig. 5) show 
that the potential of the common connection between the phototube and the 
pentode is determined by the intersection of their characteristics. It is also evi- 
dent that a very small change of light on the photocell will result in a cor- 
respondingly large voltage change. This output voltage is applied to the grid 
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of the 1S4 output tube, the plate current of which is indicated on the 0 to 200 
mieroammeler. 8 

The Foot Holder . — It must he pointed out that the footholder was designed 
not to hold the foot in position forcibly, but only to restrain if the rat attempts 
to withdraw the foot, so that the foot docs not leave its correct position. This 
foot holder is not absolutely necessary but has been an aid in training the vats, 
and once trained they arc conditioned to its feel. A hole directly under the 
place where the “palm” of the rat’s foot rests is also made. This leads directly 
over the photocell. (See Figs. 1 and 3.) 

Sensitivity . — By sensitivity is meant the responsiveness of the instrument 
to a given change in amount of light hitting the photocell. This is taken care 
of by the circuit itself. 

Accuracy . — By accuracy is meant the amount of lag between the first change 
in volume in t lie foot caused by lowering the pressure of the sphygmometer 
cuff and the recording of the change in volume on the galvanometer. This ac- 
curacy is controlled by the intensity of the light source, the width of the cuff, 
and the size of the aperture, and also by (he rate of lowering the sphygmometer 
cuff pressure. The intensity of light should be 10 to 35 foot-candles, when a 
Weston meter is held one inch from the source of light. The light should he 
directly over the aperture between one-half and one inch from the foot, so that 
the rays of light are perpendicular to the foot. The aperture in the foot holder 
which permits light through to the photocell can he from one-eighth to one-half 
inch in diameter. Interchangeable foot holders with holes of varying diameters 
have been used advantageously. The size of the cuff has been discussed. 

Source of Light . — The light on the foot should be of a “hcatless” type or 
transferred over the foot by a Lucite rod to eliminate heating the foot. A small 
3.0 volt “lens type” “pcnlight” bulb has also been found convenient. 

Taking the Pressure. — The rat is placed in the rat holder and allowed to 
remain for a minute or two with the two hind feet resting on the table or some 
other solid object. The cage should he clamped in a position so that the rat’s 
body forms a 45- to 60-degree — A — angle with the table (Fig. 3). 

The cuff is then wound around the area just above the ankle and held there 
by wrapping the ribbon around the cuff and clamping it to the catheter tubing 
with a “light pressure” clamp so as not to constrict the catheter tubing. This 
cuff should be kept well powdered with talc. The cuff should he applied rather 
loosely (but not too loosely) since the venous pressure must not be exceeded or 
circulation will be stopped and no change in volume of the foot will occur and, 
therefore, there will he no reading. If no reading is obtained, the cuff should 
be rewound. 

The rat’s foot is placed in position in the foot holder and the extinguished 
light is brought directly over the back of the foot which lies directly over the 
hole in the foot holder. The instrument is turned on, and the circuit resistance 
control is adjusted so that the mieroammeter shows that the photocell is being 
activated. The cuff (attached ot the sphygmometer) is inflated to 250 mm., at 
which point the mieroammeter is adjusted to a reading of 150 microamperes by 
using a small rheostat on the light source. Small jumps or fluctuations on the 
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microammeter may be observed; these usually placed correctly, or by 

of the rat (brought about by iea D ’ f ° m light-leaking parts of 
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yjg — Assembled blood pressure instrument. 


and may even speed up its dropping rate as pressure drops. 9 he tall in micro- 
ammeter reading is, of course, due to the change in volume of the foot incurred 
by blood flowing into the foot. This reduces the amount of light into the photo- 
cell. 

When the pressure in the cuff gets below the venous pressure, the foot will 
recede to its original volume since blood can now leave the foot, and theiefoic 
the mieroammeter will rise to its higher reading. We have arbitrarily called 
this lower reading the “indicated” venous pressure, although its relationship 
to the actual venous pressure lias not yet been established. The rate at which 
the cuff pressure is lowered, if too rapid, will give lower readings than if dropped 
more slowly, as is the ease in any indirect blood pressure measurement. It has 
been our practice to get a range readimr on the first trial by lowering the cuff 
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pressure at 250 nun. to 0 nun. in approximately 0.25 minute, followed by two or 
three readings at the standard rate of 0.5 minute for 250 millimeters. This, of 
course, is optional. 

It has been observed that a waiting period of about one-fourth minute is 
necessary between readings. If no waiting period is taken, readings may not 
be obtained. See Fig. 6 for assembled blood pressure instrument. 


experimental 

All rats received from Rockland Farms, Canvorth, or our own breeding 
colony are placed in individual cages and numbered. In most cases no training 
of rats was necessary, but occasional rats were very difficult to control. As an 
example of the variation of normal blood pressure in these normal animals, ob- 
tained by Use of the described procedures, the blood pressure of a group of 
seventeen rats was determined for three consecutive days. The rats varied in 
weight from 190 to 320 grams. The sphygmometer cuff used was 5 mm. wide 
and S cm. long-, two-dip, five-inch a minute latex tubing. 

The average mean determination in this first group of animals was 11S ± 12 
mm. for the first day, 116 ± 9 mm. for the second day, and 117 ± S nun. for the 
third day. (It has also been possible to take the blood pressure of rats as small 
as 50 grams in weight, with the appropriate foot holder and rat holder.) 

SUMMARY 

A new method and instrument for the indirect determination of blood 
pressure of the rat has been described. This procedure does not require the 
heating or the anesthetization of the animal. The principle of its functioning 
is based on measuring the volume change in the foot by means of a photoelectric 
cell before and after application of pressure by means of a miniature sphyg- 
mometer cuff applied to the ankle of the foot. 

By this method the average indicated systolic blood pressure of a group 
of seventeen normal, unheated, uuanesthetized rats was found to be 117 mm. 
+ S nun. Ilg. The indicated venous pressure was found to be IS nun. ± 4 mm. Ilg. 

Tlio authors aro grateful to Miss L. Lipchuek, for assistances rendered in carrying out 
this work, and to Mr. L. McWilliams, for the photographs. 
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COMPARISON OF BLOOD PRESSURE MEASUREMENTS IN THE RAT 
AS OBTAINED BY USE OF THE TAIL AND FOOT METHODS 
AND BY DIRECT FEMORAL PUNCTURE 

F. Ablondi, Y. SubbaRow, L. Lipchuck, and G. Person eus 
Pearl River, N. Y. 

A NEW method for the indirect determination of the blood pressure of 
the rat has been described . 1 This procedure has obviated the necessity 
of prewarming or anesthetizing the animal, as compared with the previously 
described methods in the literature . 2 ' 7 It became of extreme interest to com- 
pare the blood pressures obtained by this method with the various methods 
under similar environmental conditions. 

EXPERIMENTAL 

The Tail Instrument. — All determinations of blood pressure made on the tail were car- 
ried out using the same type of photocell-microammeter system as described for the foot. 1 
The change in volume of the tail was measured by the decrease or increase of light entering 
the photocell from a slit formed between the upper surface of the tail and a fixed metal shield 
before and after constriction of the tail with a sphygmometer cuff (Fig. 1). (In measuring 
the volume change of the foot, the amount of light going through the foot was measured 
before and after constriction of the ankle with a sphygmometer cuff.) This instrument 
gave sensitivities to volume changes on the order of, or greater than, the instrument of 
Williams and co-workers 1 as modified by Shuler and associates 5 or Proskauer and asso- 
ciates^ Its sensitivity was also of the same order as the machine used on the foot 
throughout all the described experiments. The size of the cuff used on the tail was 9 mm. 
wide by 9 cm. long, dipped in the same manner as the sphygmometer cuff used on the foot 
and, therefore, of the same thickness of rubber. The cuff was wound around the base of 
the tail and held there by wrapping a ribbon 15 mm. wide around the cuff. The indirect 
blood pressure was taken in exactly the same manner as described for the 'Williams method 
except that the change in volume in the tail before and after constriction with the 
sphygmometer cuff was observed by the increase or decrease in light entering a photocell 
system rather than by a water pletliysmograph. 

The Foot Instrument. — The foot instrument has been described previously. 1 
The Direct Puncture Manometer. — The instrument used for the direct measurement of 
blood pressure was a modification of Hamilton’s optical manometer.® Instead of using the 
diaphragm type of mechanism, our mirror was mounted on the end of a copper-beryllium 
Bourdon tube. The cross-sectional diameter of the tube used was approximately three-eighths 
1 , *> while its circumferential diameter was one and one-half inches.* The volume liquid 
displacement for the complete system (needle to copper tube, one-eighth inch O.D., to pet cock 
to Bourdon tube), between 0 and 300 mm. Ilg pressure, was 0.1 cubic centimeter. By this 
system a linear relationship between pressure and mirror movement could be maintained from 
0 to 300 mm, Ilg pressure. Although the sensitivity of this method was much lower than 
1 >nt obtained by Hamilton’s manometer, accuracy was maintained even at the higher blood 
pressure levels. The indicated pulse pressures of normal nembutalized rats were usually of 
ie order of o to lo mm. when pressures were taken from the femoral artery usincr a °3-eaut'C 
11|,( ‘dlc n s a cannula. b k 

twom Lederle Laboratories Division. American Cyanamld Company. Pearl River X Y 
Received for publication. May -JO, 1017. ' 
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j 

Fig. 1 . — Volume change Indicator adapted for tail. 



pijn- O 'Tail and foot volume change Indicators arranged for simultaneous measurement of 

” blood pressure. 



COMPARISON OP BLOOD PRESSURE MEASUREMENTS IN RAT 


1101 


RESULTS 

Deviations of Observed Readings in Normal Rats on the Same Day and on 
Different Days Under Normal and Heated Conditions by Use of Tail Method . — 
Six rats were trained and the blood pressure was measured from the tail without 
warming the animal. Immediately after attempts were made to determine the 
blood pressure, the rat was placed in a carton container heated to the appro- 
priate temperature by electric lamps. At the desired time it was removed 
from the carton box, and the blood pressure was again measured. The animal, 
as indicated in Table I, was allowed to remain at room temperature for the 
desired time, the blood pressure was determined, and the rat was inserted 
into the next carton box of desired temperature. The readings obtained are 
charted in Table I. 

These results indicate : 

1. The general unresponsiveness (no apparent volume change in the tail) 
of normal unanesthetized rats unless heated. 


[.e I. Deviation op Blood Pressure in Tail of Normal Animals on Same Bay and on Different 
Days Under Normal and Heated Conditions 
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Table IX. Comparison op Simultaneously Observed Blood Pressure by Use op Tail and 
Foot Method in Unheated, Heated and Cooled, Normal and Operated Animals 
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No readings obtainable. 
-. Not done. 
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2. - The wide variation of “normal” blood pressure of normal animals 
when heated in the same way on different clays. 

3. The wide variation of response to given temperature changes of the 
same rat on different days. 

Comparison of Simultaneously Observed Blood Pressures by Use of Tail 
and Foot Methods in Unheated, Heated and Cooled, Normal and Operated Ani- 
mals. — Each animal used was placed in the rat holder adapted for foot blood 
pressure determination so that readings could be made simultaneously on the 
tail and on the foot (see Pig. 2). When wanned, the animals were heated by 
means of a portable heat lamp, so adjusted as not to reflect or shine directly 
into the apertures of the photocells of either machine. 

The cuffs used in the tail method and the foot method were of such a 
diameter that they were proportional to the size of the appropriate appendage, 
that is, for the tail cuff, a 9 mm. wide, 9 cm. long cuff was used, while on the 
foot, where the cross-seetional diameter is smaller, a 5 mm, wide 7 cm. long 
cuff was used. Both cuffs were of the same thickness rubber drawn in the 
same speed from the same Latex (two-dip, 5 inches a minute). 

In all eases, readings recorded were the average either of two or three 
readings. Sensitivities of both machines to volume change were the same. 
The results obtained in four rats picked at random are given in Table II. 

These four experiments, which are a few of many such trials, indicate the 
following : 

1. Not all rats gave volume changes in the tail when normal (unheated). 
In all eases (approximately 10,000 readings) blood pressure recordings (volume 
changes) were and have heen obtained in using the foot method without heating 
the animal. 

2. When warmed, those animals which gave no detectable volume change 
in the tail gradually gave increasingly larger volume changes in the tail at higher 
and higher blood pressure levels. When cooled by packing the metal portion of 
the cage with a cold water bag or ice, readings and volume changes gradually 
diminished until both were lost. 

3. Headings were obtained continuously by use of the foot method with a 
definite rise of blood pressure due to heating. An increase of volume change was 
also observed. Heated rats are therefore no longer “normal” animals in refer- 
ence to blood pressure. 

I. The indicated blood pressure in the tail is not necessarily related to the 
indicated blood pressure in the foot in unheated unanesthetized animals, al- 
though in the heated animals the indicated blood pressures of both methods 
agree within the experimental error of the methods. 

Comparison of Observed Headings by Direct Femoral Puncture and by 
Tad and Foot Methods in Nembatalized Animals, and the Effect of Nembutal on 
“Vasoconstrictor Reflex.”— Three previously trained animals were used in this 
experiment. Before anesthetization, the blood pressure was measured both by 
the tail procedure and by the foot procedure simultaneously. The animal was 
then anesthetized intraperitoneally with nembutal, 5 mg. per 100 grams and 
the blood pressure was followed as the anesthetic took effect. After anesthesia 



Tabu: in. Correlation or Foot Method and Tail Method Before Anesthesia, 
Correlation or Both Mm hods With Direct Puncture Under Anesthesia 
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was complete (third stage), the blood pressures were taken and the direct 
puncture instrument was then cannulated to the femoral artery on the right 
leg. The left foot was used to follow the blood pressure by the. foot technique, 
while simultaneously observing the blood pressure in the tail. 

In these three animals, obstruction of the upper respiratory passages due 
to the anesthetic used 7 was not encountered, and tracheotomy was not necessary. 

In these three animals, the effect of anesthesia on the vasoconstrictor reflex 
is demonstrated (Table III). In the third animal various substances (pressor 
or depressor) were injected into the femoral vein and the blood pressure was 
followed by all three methods. 

The results of these experiments indicate : 

1. Normal unheated unanesthetized rats which gave no volume changes In 

• the tail (and, therefore, presumably no blood pressure) when anesthetized with 
nembutal gradually gave volume changes in the tail as the degree of anesthesia 
increased without application of heat to the animal. It is, therefore, con- 
cluded that both anesthetization and heating of the animal have the same 
effect on the “vasoconstrictor reflex” in regard to the volume change and 
the indicated blood pressure in the tail. It therefore becomes apparent why 
agreement between the tail method and the direct puncture method is obtained 
in the anesthetized animal, 3 ’ 7 but it does not necessarily mean that there is 
agreement between the indicated blood pressure using the tail method and the 
systemic blood pressure in the unanesthetized animal. 

2. Agreement of indicated blood pressures obtained by the foot method, 
tail method, and direct puncture method in the anesthetized animal was within 
the limits of the experimental errors. 

SUMMARY 

1. A comparison of indicated blood pressures as obtained by use of the 
foot and the tail has been made in both normal unheated and operated un- 
heated animals. The agreement of the values obtained has been very poor, 
although both methods depend on the same principle for determination of 

• blood pressure; that is, the change in volume in the appropriate appendage is 
observed by means of a photocell system before and after constriction of a 
sphygmometer cuff applied to the specific appendage. 

2. The blood pressure of normal unheated z-ats as measured by the tail 
method has varied between 50 and 130 mm. where a volume change in the tail 
occurred. (Proskauer and co-workers® have reported a value of 65 to 95 mm. 
of Hg.) In very normal unheated animals, no volume change and, therefore, 
Presumably no blood pressure could be detected. In all cases volume changes 
were observed when using the foot. The average blood pressure obtained°in 
a group of seventeen normal unheated rats picked at random was 117 ± 8 mm. 

This value is in good agreement with those obtained by direct puncture 
os reported by Scliroeder 7 for normal anesthetized rats. 

3. It was observed that in the tail of the normal unanesthetized animal, 
m eases where there was no volume change unless heated, the volume change 
gradually increased with increased heat applied to the rat, and that these 
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volume changes occurred at concurrently higher blood pressure levels. At- 
tempts to standardize the amount and the rate of heating applied to the rat 
were made with no success. By using the foot method, readings were ob- 
tained without the application of heat. In the foot, as heat was applied, the 
volume change also increased but at a much lower rate, while the blood 
pressure rose from the level obtained in the unheated normal animal. It is. 
therefore, apparent that normal heated animals are no longer "normal” in 
regard to blood pressure. It is also apparent that the blood pressure in the 
tail, as indicated by the volume change principle, is not directly related to the 
systemic blood pressure in the indicated unanesthetized rat, although under 
abnormal conditions (heating or anesthesia) a relationship between indicated 
foot blood pressures and the indicated tail blood pressures was obtained. 

4. Under the iniluenee of anesthesia volume changes in the tail could be 
easily obtained without the application of heat, and agreement of all three 
methods was fairly good when simultaneous blood pressure readings were 
taken by tail, foot, and direct puncture. 

The authors are indebted to Mr. Robert C. Annen and to Mr. Clifford Blauvclt for 
tiieir contribution to the adaptation of the direct puncture instrument. We are also grate- 
ful to Mr. Leslie McWillium for the photographs. 
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THE DIAGNOSIS OP PANCREATIC DISEASE BY ENZYME TESTS 

Lester M. Morrison', M.D. 

Los Angeles, Calif. 

T HE clinician has long found the diagnosis and treatment of diseases ,of the 
pancreas to be among the most difficult and uncertain of all diseases. This 
has been adjudged partly to be due to (1) the lack or obscurity of symptoms 
in early or moderately advanced stages of pancreatic disease clinically, and (2) 
the complexity of pancreatic tests and their impracticability for the practicing 
physician, biochemically. 

In this paper I report the results of studies carried out from a series of 
patients seen in gastroenterologie practice which have been used as an aid in 
the diagnosis and treatment of diseases of the pancreas. This study was under- 
taken with the view of utilizing some procedure which would aid in establishing 
a diagnosis of pancreatic disease. 

The American Gastroenterological Association 1 appointed a committee to 
study the pancreatic problem. Among other reports, two extensive investiga- 
tions for the committee were published by two groups of investigators, one from 
the laboratories of the Mayo Clinic, 21 and one from the laboratories of the 
Western Reserve University School of Medicine and Hospital. 3 

I therefore believed it might be of interest to describe additional pan- 
creatic studies in gastrointestinal diseases in the attempt to explore further the 
practicability and reliability of pancreatic diagnostic procedures. 

These studies do not touch upon acute pancreatitis, which is in the nature 
of an acute surgical emergency, but rather on diseases of the pancreas such 
as cancer, stone, and chronic inflammation, as well as on disturbances of the 
pancreas caused by primary diseases of contiguous organs. 

Extensive evidence has now been accumulated by surgeons and pathologists 
alike 4 that dyspepsia is often the primary or secondary expression of chronic 
pancreatitis. For example, Rich and Duff found “repeated focal necrosis, 
focal hemorrhages, and epithelial metaplasia” in routine" pancreatic examina- 
tions during autopsies at the Johns Hopkins Hospital. 5 These findings have 
been duplicated by other observers. 0 Osier also drew attention to this fact and 
stated that the confusion existing on the subject was due to the “personal equa- 
tion of the laboratory workers.” 7 

Clinicians attempting an analysis of the role of chronic pancreatitis in 
causing dyspepsia are represented by Koehler, 3 who found that 26 per cent of 
his series of patients suffering from “functional indigestions” showed duodenal 
amylas e deficiency. Rivers’ 9 survey suggests a similar conclusion. 

Evangelista.** 10 Do|,a rtmuits of Internal Medicine and Experimental Medicine. College of Medical 

\,n. 2 Pr ioii!! Ud bCf0re the mee ‘>ns of the Western Society for Clinical Research, San Francisco. 
ltvciUed for publication. July 31. ism. 
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Although pancreatic stones are rarely diagnosed by the clinician during 
life, the studies of Ludin 10 have shown that routine x-ray examinations of 542 
pancreases correlated with histologic study revealed concretions in 5 per cent 
of the cases. These concretions varied in size from the head of a pin to that 
of a hazelnut. Snell and Comfort,' 1 Moss and Preis, 12 and others have shown 
the value of pancreatic functional tests in patients with pancreatic lithiasis. 

In reference to the condition described as “pancreatic edema,” many 
surgeons have described the frequency of this condition at operation. 13 Archi- 
bald in 1913 was one of the first surgeons to report a series of patients suffer- 
ing from attacks of acute epigastric pain in whom operation revealed only pan- 
creatic edema." Pratt, 13 a lifelong worker in pancreatic diseases, described the 
accumulative evidence which indicates that attacks of epigastric pain are due, 
not infrequently, to mild acute pancreatic lesions. 

Experienced surgeons like Elman, 10 Cole, 110 I) cm el, 17 Loefiler, 13 and other's 
too numerous to mention all have reported series of patients suffering from 
attacks of epigastric pain in whom careful surgical exploration revealed diffuse 
edema of the pancreas, without evidence of necrosis or hemorrhage. 

Pratt 13 has emphasized the fact that in patients where the symptoms are 
indicative of gall bladder disease, or where the clinical picture is that of gall- 
stones and the eholeeystograms are negative, pancreatic disease is frequently 
present. 

The need for study of pancreatic disorder's has thus been keenly felt for 
some time. 

Since Einliorn’s introduction of the duodenal bucket in I910 30 numerous 
investigators 81 ' 20 have reported the results of their procedures in the testing of 
pancreatic function. However, the recent studies of Free and Myers 50 present 
such a comprehensive and improved system of technique that I have used their 
methods in testing pancreatic function. 

METHOD 

A series of eight subjects iu good health who wore free of any gastrointestinal signs 
or symptoms were selected for normal controls. They consisted of live women and three men 
ranging from 20 to 5S years of age. Duodenal drainages and tests were routinely performed 
in all subjects on an empty stomach in the morning. The fasting duodenal secretion was 
first extracted and then one ounce of warm olive oil was injected through tho tube into the 
duodenum and retained for ten minutes. Tho duodenal contents were siphoned off in twenty-, 
forty-, and sixty-minute periods after tho olivo oil stimulation and each specimen was ex- 
amined for proteinase, amylase, and lipase according to the methods devised by Dree and 
Myers. 20 Thus twelve pancreatic functional determinations were performed at each duodenal 
drainage. As described in Tallies I to VI, the number of duodenal drainages varied in each 
patient from one to five, giving a range of functional tests numbering from twelve to sixty 
for each subject. In all, a total of more than one thousand duodenal pancreatic tests aro 
herein reported. Bile pigment in each diluted sample was determined by the icterus index. 

CASE MATERIAL AND RESULTS 

Table I shows that in over 2S8 pancreatic enzyme determinations taken 
from eight normal subjects, the average values for the fasting and twenty-, 
forty-, and sixty-minu'te periods of stimulation by olive oil were: proteinase, 



DIAGNOSIS OP PANCREATIC DISEASE BY ENZYME TESTS 


1109 


3.6 mg.; amylase, 7.5 mg.; and lipase, 8 milliliters. However, it. is noted 
that the normal variations for proteinase, amylase, and lipase are great. They 
range from 0.6 to 7.4 mg. in proteinase, from 0 to 17.3 mg. in amylase, and 
from 0 to 31.4 ml. in lipase. In these normal subjects zero readings were not 
found again at subsequent tests. 


Table I. Duodenal Content Analyses for Pancreatic Enzymes in Eight Normal 
Subjects Over Twenty-Four Test Periods; Average Values, 288 Tests 


ENZYME 

FASTING 

20 31 IN. 
after olive 

OIL STIM- 
ULATION 

40 MIN. I 
AFTER olive! 
OIL STIM- 1 
ULATION 

(50 MIN. 
AFTER OLIVE 
OIL STIM- 
ULATION 

MINIMUM 
[VARIATION I 

MAXIMUM 

VARIATION 

Proteinase* 

2.5 


4.2 

4.9 

0.6 

.■ ffH 

Amylasef 

5.2 

6.4 

8.2 


0 

Ml mh 

Lipase} 

4.8 

5.7 

6.8 

15.0 

0 

■■ 


•Milligrams tyrosine equivalent. 

fAIiliigrams glucose equivalent. 

milliliters 0.03 N sodium hydroxide equivalent. 


Table II shows that in over sixteen pancreatic enzyme determinations taken 
from eight subjects with “functional” or nonorganic disturbances of the upper 
gastrointestinal tract, the average values for the fasting and twenty- and sixty- 
minute stimulation intervals were: proteinase, 2.0 mg.; amylase, 4.3 mg.; 
and lipase, 4.0 milliters. The individual variations in “functional” disorders 
are considerable. They range from 0.2 to 3.8 mg. in proteinase, from 0.6 to 
8.5 mg. in amylase, and from 0 to 8.5 ml. in lipase. Zero findings were not re- 
peated at subsequent determinations. These eight subjects were diagnosed as 
having upper digestive tract dyspepsia, six from gastrointestinal neuroses and 
two from the postcholecystectomy syndrome. 


Table II. Duodenal Content Analyses for Pancreatic Enzymes in Bight Patients With 
“Functional” of. Nonorganic Disorders of the Upper Gastrointestinal Tract; 
Average Values For. Sixteen Testing Periods, 192 Tests 


enzyme 

Proteinase* 

Amylasef 

Lipase} 



20 MIN. 

40 MIN. 

60 MIN. 




AFTER OLIVE 

AFTER OLIVE 

AFTER OLIVE 




OIL STIM- 

OIL STIM- 

OIL STIM- 

MINIMUM 

MAXIMUM 


ULATION 

ULATION 

ULATION 

VARIATION 

VARIATION 


1.3 

1.8 

2.2 

2.7 

2.9 

4.0 

4.9 

5.6 

2.9 

3.4 

4.5 

5.1 


0.2 

0.6 

0 


3.8 

8.5 

8.5 


•Milligrams tyrosine equivalent. 

fAIiliigrams glucose equivalent. 

milliliters 0 03 X sodium hydroxide equivalent. 


Table III shows that in twenty subjects suffering from organic diseases of 
Hie upper digestive tract, the average values for all the intervals previously 
described were: proteinase, 1.3 mg.; amylase, 3.7 mg. ; and lipase, 3.6 milliliters. 
r!ie individual test readings for enzymes here also are very variable. The 
lange for proteinase is from 0 to 5.6 nig.; for amylase, from 0 to 10.4 mg.; 
and for lipiuse, from 0 to 13.6 milliliters. In contrast with the normal controls 
and the “functional” eases, if zero readings were obtained and found again 
at subsequent tests, extensive involvement of the pancreas by cancer was pres- 
ent as occurred in the three eases of cancer of the pancreas (Table Y, Cases 
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Table HI. Duodenal Context Analyses Km Pancreatic Enzymes in Twenty Patients 
With Organic Diseases or tiie Utter gastrointestinal Tract ; average 
Values for Forty-Three Testing Periods, 5 1 0 Tests 


ENZYME 

FASTI XU 

20 MIX. 
AFT Kit OLIVE 
OIL STIM- 
ULATION 

•i0 MIX. 

A FT Kit OLIVE 
OIL STIM- 
ULATION 

1>0 MIX. 
AFTER OLIVE 
OIL STIM- 
ULATION* 

MINIMUM J 

variation 1 

maximum 

VARIATION 

Proteinase* 


1.2 

1.5 

1.7 

0 

.3.0 

Amylase t 

o o 

3.0 ' 

3.1 

0.1 

0 


Lipasot 



4.S 


0 

13.fi 


*AIHU|;raiii.s tyio.slne equivalent. 

tMllliC'rains Rlucose equivalent. 

tMillilitera 0.0.'j N aoiliuni hydroxide equivalent. 


3, 4, and 18). If near zero readings were consistently obtained, particularly in 
proteinase, extensive disease of the pancreas was found such as in the three cases 
of pancreatic cirrhosis with or without lithiasis (Table V, Cases 2, (>“, and 7). 

commknt 

The twenty patients with organic disease listed in Tables III and VI 
consisted of three patients with carcinoma of the pancreas, two with cholithiasis, 
one with eholedoeholithiasis, one with pancreatic lithiasis, two with pancreatic 
cirrhosis (diagnosed at operation), three with cirrhosis of the liver, three with 
duodenal ulcer, one with gastric ulcer, and one with infectious hepatitis and 
cholangitis, carcinoma of the pyloric end of the stomach, carcinoma of the gall 
bladder and bile ducts, and nontropieal sprue, respectively. 

Table IV compares the total average enzyme values for all interval readings 
found in normal subjects with those of functional and organic diseases of the 
upper digestive tract. It is seen that the respective average readings in the 
“normal” controls and the “functional” cases appear to he clearly defined. 
However, the difference between the average readings of the “functional” and 
those of the “organic” diseases seems small. This lack of contrast appears to 
be due to the inclusion of a group of eases under “organic” causes in which 
the pancreas itself was not primarily involved. Cases of gastric and duodenal 
ulcer or cholelithiasis arc examples. On t he other hand, when the cases in 
which the pancreas is involved primarily, such as by carcinoma or cirrhosis or 
the stone, arc examined the test readings are consistently zero or very close to 
zero. The minimal and maximal ranges varied fjiiite widely in any one patient 
in whom the pancreas was not extensively and markedly involved and rendered 
it impossible to determine accurately the category in which one reading placed 
a patient. 

Percentages were not calculated since the range of variation in (1) normal 
subjects, (2) patients with organic disease of the upper digestive tract, and 
(3) patients with functional diseases of the upper digestive tract are so great 
that only repeated zero readings or repeated near zero readings are of diagnostic 
significance. 

One single determination of the proteinase, amylase, or lipase values would 
appear to be adequate since the enzyme values were consistent in rendering the 
same information in one patient. This was particularly true where severe 
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Table IV. Duodenal Content Analyses for Pancreatic Enzymes; Total Average of 
, Four. Enzyme Readings in Comparative Studies of Upper Gastrointestinal 
v Tract Diseases 




functional OR 



NORMAL CONTROL 

NONORGANIC 

ORGANIC 

ENZYME 

subjects 

DISEASES 

DISEASES 


Proteinase* 

Minimum variation 
Maximum variation 
Amylase t 

Minimum variation 
Maximum variation 
Lipase} 

Minimum variation 
Maximum variation 


3.6 

0.6 

7.4 

7.5 
0 

17.3 
S.O 

0 

31.4 


0.2 

3.5 
4.3 
0.6 

8.5 
4.0 

0 

5.5 


0 

5.6 

3.7 
0 

10.4 

3.6 

0 

13.6 


•Milligrams tyrosine equivalent. 

tMilligrams glucose equivalent. 

tMilliliters 0.05 N sodium hydroxide equivalent. 


Table V. Enzyme Values in Extensive Advanced Pancreatic Disease Proved at 

Operation 



DIAGNOSIS 

' NUM- 
BER, 

OP 

TESTS , 

1 FASTING 

20-min. 

[STIMULATION 1 

40-min. 

| STIMULATION ] 

60-MIN. 

| STIMULATION 

1 

L. 

A. ] 

1 p- 

L. 

A. 

1 p- 

L. 

A. 

1 

L. 

A. 

3 

Carcinoma of head 

i 

0 

0 

0 


0 



0 



0 



of pancreas 

2 

0 

0 

0 


0 



0 



0 


2 

Advanced pan- 

1 

0 

0 

0 

0.2 

0.7 

0.5 

0.5 

1.8 

0.8 

0.5 

2.4 

1.0 


creatic cirrhosis 

2 

0 

0 

0 

0.4 

1.5 

1.1 

0.4 

1.7 

1.3 

0.4 

2.1 

1.0 



3 

0.2 

0.8 

1.5 

0.2 

1.3 

1.2 

0.5 

2.1 

1.0 

0.3 

1.5 

1.3 



4 

0 

0 

0 

0 

0.5 

0.3 

0.3 

0.9 

0.9 

0.4 

1.5 

1.0 



5 

0.5 

1.9 

1.0 

0.5 

1.4 

1.0 

0.5 

1.8 

1.3 

0.6 

2.4 

1.0 

4 

Carcinoma of head 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


and body of pan- 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


creus 














7 

Advanced cirrhosis 

i 

0 

0 

0 

0.2 

O.S 

0.7 

0.3 

1.8 

0.8 

0.2 

3.2 

1.0 


of the liver and 

2 

0 

0 

0 

0.2 

1.5 

0.3 

0.2 

1.9 

0.8 

0.1 

2.6 

1.1 


pancreas 














IS 

Carcinoma of head 

i 

1 

. 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


and body of pan- 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


creas 














0 

Extensive pan- 

i 

0 

0.8 

0.3 

0.2 

1.5 

0.7 

0.2 

2.1 

0.3 

0.3 

2.4 

0.4 


ereatic lithiasis 
with c irrhosis 

P., Proteinase; L., lipase; A., amylase. 


Table VI. Average Enzy.me Value in Organic Diseases of the Upper Digestive Tract 


CASE 

1 DIAGNOSIS 

NUMBER OF 





TESTS 

PROTEINASE 

AMYLASE 

LIPASE 


s 

!» 

1(1 

11 

12 

13 

14 

15 

16 
17 
IS) 
20 


— iOj VyliuiUGJOLIklS 12 

Carcinoma, gall bladder 4 

Cirrhosis of liver 12 

Nontropical sprue 4 

Ciioleilocliolithiasis S 

Cholecystitis with lithiasis 8 

Penetrating duodenal ulcer 8 

Chronic duodenal ulcer S 

Chronic duodenal ulcer S 

Gastric ulcer S 

Carcinoma, pyloric stomach S 

Cirrhosis of liver S 

Chronic cholecystitis S 

Infectious epidemic hepatitis S 


1.1 

2.2 

3.2 

0.9 

2.0 

3.3 

2.95 

4.9 

7.2 

3.1 

7.1 

8.6 

1.2 

4.5 

4.5 

1.3 

6.5 

3.9 

1.2 

3.0 

4.5 

1.9 

6.1 

7.6 

1.5 

4.2 

4.2 

2.4 

7.6 

6.3 

1.2 

2.6 

2.5 

1.0 

4.5 

3.9 

1.7 

2.9 

2.7 

1.7 

1.2 

4.4 
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primary disease of the pancreas was present, as in the three cases of carcinoma 
of the pancreas, each accompanied by jaundice. 

In the three patients with pancreatic carcinoma tiie enzyme values were 
zero throughout for every proteinase, amylase, and lipase reading at the fasting 
and twenty-, forty-, and sixty-minute stimulation periods. Tn the case of marked 
pancreatic cirrhosis with or without lithiasis, the readings were all consistently 
close to zero. These two primary diseases of the pancreas, that is, cancer or 
extensive cirrhosis (with or without stone), therefore consistently gave findings 
of diagnostic value in the duodenal pancreatic enzyme tests. 

SUMMARY 

1. Over 1,000 pancreatic enzyme tests (Free and livers" 0 ) were made from 
the duodenal secretions in a group of normal subjects, in a group of patients 
with “functional,” or nonorganie disease of the upper digestive tract, and in a 
group of patients with organic disease of the pancreas, biliary tract, stomach, 
or duodenum. 

2. The range and mean of duodenal pancreatic enzyme tests for normal 
subjects and patients suffering from upper digestive tract disorders are de- 
scribed. Variations of test findings are very wide in both normal subjects 
and patients with most organic diseases of the pancreas or upper digestive 
tract. 

3. Normal subjects as well as patients with extensive and severe- pathologic 
involvement of the pancreas such as cancer may give zero or near zero test 
readings in individual duodenal pancreatic enzyme tests. 

4. In patients with organic disease of the stomach or biliary tract, pan- 
creatic duodenal enzyme tests revealed no individual distinctive or diagnostic 
findings. However, their group mean value was definitely lower than the com- 
parable value in normal subjects. 

5. A group of ten patients with chronic low-grade or moderate inflamma- 
tion of the pancreas, as revealed at operation, had a series of duodenal pan- 
creatic enzyme tests performed before and after operation. The duodenal en- 
zyme study failed to show any consistently abnormal findings of diagnostic 
value either pre- or postoperativelv. 

6. In six cases of extensive involvement of the pancreas by cancer or cir- 
rhosis with pancreatic lithiasis, 125 tests gave abnormal findings in the duodenal 
pancreatic enzyme tests. These abnormal findings were cither zero or near 
zero values. 

7. If a zero reading was found in the pancreatic enzyme tests of a normal 
subject, it was not consistently found at subseciuent determinations. In the 
presence of advanced and extensive pancreatic disease such as cancer or 
cirrhosis, zero and near zero readings were found consistently at all subsequent 
determinations. 

CONCLUSION 

Extensive and advanced disease of the pancreas such as cancer or cirrhosis 
with lithiasis gave repeated zero or near zero readings in the duodenal pan- 
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creatic enzyme tests. Pancreatic enzyme tests are useful in diagnosing advanced 
and extensive disease of the pancreas. 

For the opportunity of seeing patients in private consultation, grateful acknowledgment 
is made to: Dr. Burrill B. Crohn (for Case 9, nontropical sprue); Dr. Rudolph Schindler 
(for Case 6, pancreatic lithiasis, calcification, and pancreatic cirrhosis) ; Dr, Moses Behrend 
(for Case 2, pancreatic cirrhosis) ; Dr. W. Wayne Babcock (for Case 10, clioledocholithiasis; 
and Case S, biliary cirrhosis and clioledocholithiasis); and Dr. M . Emery Burnett (for Case 
7, hepatic cirrhosis). 
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INTRAVENOUSLY ADMINISTERED GELATIN— A TOXICITY STUDY 

Milton J. Yander Brook, Ph.D., Stanley C. Lyster, Boyd E. Graham, B.S., 
Noel E. Pomeroy, and George F. Cartland, Ph.D. 

Kalamazoo, Mich. 


I T IS generally recognized that an infusion of blood or plasma is the most 
effective means of compensating for fluid loss which occurs in hemorrhage 
and shock of various types. Since blood and plasma are not always immediately 
at hand, however, it is desirable that a plasma substitute be found which is in- 
nocuous, effective, inexpensive, and readily available. 

The recent literature records that substitutes somewhat less effective than 
plasma in restoring circulating fluid volume, but much more effective than 
crystalloidal solutions, are aqueous solutions of maeromolecular substances, such 
as gelatin, gum arabic, pectin, ovalbumin, polyvinyl alcohol, and methyl cel- 
lulose. Gelatin 1-20 appears to possess desirable characteristics to a greater degree 
than most of the other maeromolecular substances mentioned. 

Observations in this laboratory on the toxic effects in animals of infused 
gelatin solutions which were subsequently tested for efficacy by laboratory animal 
experimentation 11, 18 and clinical investigation 1= ’ 101 19 ’ 20 confirm the findings of 
others in many respects. Some of the undesirable properties of gelatin, how- 
ever, such as impairment of the production of plasma proteins and hemoglobin, 17 
and degenerative and proliferative arterial lesions of the sclerosing type 
reported by Heuper® in dogs, are apparently observed only when large amounts 
of highly concentrated gelatin solution are repeatedly infused into the blood 
stream of intact animals, thus placing a severe strain on the circulatory system. 
When a 5 to 8 per cent gelatin solution is infused into dogs or human subjects 
suffering fluid loss from hemorrhagic, traumatic, or burn shock in amounts 
approximately equal to the amount of fluid which has escaped, such untoward 
effects have not been reported. 

The experiments herewith presented were designed to test whether or not 
the circulatory system of dogs under the stress of light anesthesia and severe 
blood loss could tolerate large quantities of 5 per cent gelatin administered in 
divided doses over a period of several weeks. 

The solutions of gelatin* were prepared by electrodialysis of osseous cal- 
e,um gelatinate. The 5 per cent solutions preserved with phenyl-mercuric- 
borate, 1 :25,000, were degraded by autoclaving to obtain a mean molecular 
weight of 20,000 (number average). These solutions were nonantigenie and 
nonpyrogenic. 


experimental 


Nine mongrel dogs supplied with a high protein diet supplemented with raw liver were 
ed of 29 to 54 per cent of their estimated blood volume at weekly intervals for periods 
0 tlT ° to thirteen weeks (average, seven weeks). The blood, aseptically removed from the 
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exposed jugular veins under light ether anesthesia, was replaced at the same site by infusion 
ot o per cent gelatin solution in amounts equal to SO per cent of the blood removed. Con- 
ro annua s consisted of two dogs bled just as severely as those mentioned, but with no 

parenteral fluid replacement, and twenty apparently healthy .logs with no treatment what- 
soever. 

At intervals determinations of plasma protein and gelatin concentration in plasma, 
urine, and aqueous tissue extracts* weie made by the method of Waters* which makes use 
,lC *' Selatin is not precipitated by trichloracetic acid but is precipitated by 
and tungstate. Plasma protein nitrogen was thus determined by the usual Kjehlald technique 
on the trichloracetic acul precipitate and gelatin nitrogen by difference between nitrogen 
contents of the acid tungstate and trichloracetic acid precipitates. The usual methods 
we e employed for determination of red cell volume, hemoglobin, red cell count, white 
cell count, and sedimentation rate.=2 ’ 

Extensive pathologic studies on tissues of experimental and control dogs were done.! 

. ° n . L n ’ nc dogs, a celiotomy was performed both prior to and one week 

. i“° r f 1L ® ° hemorrhages and gelatin infusions. Liver tissue was removed and 
. * nC . a . Ic “ e lu 'f s ; ® e ' ei1 weeks later this dog was sacrificed and tho tissues examined. 

f C ° U i r°° " aS 1 Ci ani ^ ” 1 ^ U5l -'d with gelatin five times after a celiotomy had been 
performed for removel of liver tissue. He was sacrificed two weeks after the last hemorrhage 
and infusion. 


RESULTS 

Repeated massive hemorrhages and infusions of purified gelatin in dogs 
un ei the conditions described produced no notable changes iu deportment 
or body weight (Table I). The only grass disturbance observed was the forma- 
tion of thrombi at the sites of injection in some dogs which Patch and eo-work- 
eis have demonstrated to be due to the mercurial preservative employed. 

istologic examination of the jugular veins at autopsy revealed no changes in 
the mtima. Considerable scar tissue formed about these veins, presumably 
c ue to the siugeiy involved, and fluid regurgitated into surrounding tissue when 
tie needle was withdiawn. Wound healing was not impaired. There was no 
m ication of the presence of pyrogenic or antigenic material in the gelatin. 


Table I. Showing the Effect of Repeated Massive Hemokrhages and Gelatin Infusions 

on the Body Weights of Dogs 


NUMBER OP 
HEMORRHAGES 

initial body 

| CHANGE IN 
! BODY 

| AMOUNT 

OF BLOOD 

1 AMOUNT OP 
5 % GELATIN 

DOG 

and infusions 

WEIGHT 

WEIGHT 

REMOVED 

INFUSED 

(WK.) 

(KG.) 

(KG.) 

(JIL.) 

(ML.) 


13 

12.3 

+ 2.0 

5,(5l)S 

4,534 

•j 

4 

12 

12.4 

+ 6.4 

7,3 ()(j 

5,S93 

o 

19.S 

+ 0.2 

2,345 

Xone 

0 

10 

12 

15.fi 

+ 4.S 

S,531 

None 

7 

15.5 

+ 1.3 

3,532 

2,S26 

7 

9.5 

+ 0.S 

2,250 

1,S00 

11 

7 

13.4 

+ 0.1 

3,530 

2,S24 

12 


11.6 

*f* 2.4 

905 

725 

13 


10.2 

+ 0.7 

‘ 640 

520 

14 

6 

19.8 

-1.3 

3,155 

2,524 

15 

5 

19.0 

-0.8 

2,410 

1,92S 


•Weighed quantities of kidney and liver from both 
were thoroughly macerated with saline iu a Waring blendor 
was determined by the method used for plasma gelatin. 
fBy Dr. Walter Schiller and Dr. Bruno Volk. 


control and gelatin-infused dogs 
Gelatin in tho supernatant fluid 
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Examination of blood and plasma during- the experimental period revealed 
that the changes observed in hemoglobin and plasma protein levels could be 
accounted for by the severe hemorrhage alone and were not markedly affected 
by the infused gelatin. (Tables II and III)., 

Table II. hemoglobin, Red Cell Volume, and Plasma Protein Nitrogen Levels of Dogs , 
Subjected to Weekly Massive Hemorrhages Both With and Without 
replacement of the Withdrawn Blood by Gelatin Solution 


test GROUP 

(WITHDRAWN blood replaced by gelatin) 


CONTROL GROUP 

(NO parenteral fluid replace- 
ment) 



dog 2 1 

DOG 3 ! 

DOG 6 

DOG 4 

DOG 5 


Hg. | 


rsa 

1 



K223I 

mm 

CELL 

fPN 


CELL I 

PPN I 

Hg. ] 

I CELL 1 

PPN 

TIME 

(OM.j 


(Mg. 

I 



(Mg. 

(CM., 

VOL. 

iprg. 

(OM. 

VOL. 

(Mg* 

(GM.j 

! V0L * 

(Mg. 

(IVK.) 

%) 

NUi 

Mi 

1 



1 %) 

%) 


I %) 

%) ! 

(%) 

%) 1 

%) 

\(%)\ 

%) 

1 


48.1 

1,010 


14.0 

45.6 

843 

16.5 48.9 

978 

20.8 

58.8 

924 

11.6 

36.4 

811 

o 

13.2 

44.0 

930 


S.9 

31.8 

825 * 

18.5 55.0 

1,025 

13.6 44.4 

890 

8.9 

31.3 

865 

3 


40.8 

977 


11.0 

41.4 843 

13.9 44.1 1,922 

11.0 

36.6 828 

9.5 

32.1 

728 

4 

11.2 

39.6 

1,006 


11.4 

40.8 

735 


31.3 

873 




9.9 

36.3 

903 

5 

(No hemorrhage 

14 .S 

46.8 

SS6 

10.4 37.5 

914 




9.3 

32.5 

923 


or 

infusion) 














0 

13.8 46.S 

969 

12.6 

45.6 

829 

9.3 35.0 






27.5 

777 

7 

11.6 40.8 

879 

14.0 

46.8 

861 


31.3 

919 




9.9 35.0 

S55 

8 

11.0 40.8 

904 

13.4 

45.0 

847 







10.1 

. 37.5 


9 

10.7 39.6 

992 

14.6 47.5 926 








30.0 

817 

10 

11.0 40.8 

904 

13.4 

43. S 

840 







9.4 35.0 

876 

11 

9.5 

35.4 

908 

11.6 

40.6 

797 







9.1 

33.5 


12 

9.7 

' 32.9 

956 

12. S 

45.0 

792 







7.9 30.5 

94S 

13 

8.3 

i 31.3 

SOS 














14 9.7 30.0 8S9 


Table HI. Illustrating Typical Rates of Plasma Protein Regeneration and Disappear- 
ance of Plasma Gelatin in Dogs (Data Prom Dog 3 Obtained on Tenth Week of 
Hemorrhage and Infusion Studies; For Further Conditions 
of Experiment, See Text) 


time 

(HR.) 

PLASMA PROTEIN 
NITROGEN | 

1 (MG. %) | 

1 PLASMA GELATIN 

5 NITROGEN 1 

| (MG. %) 

| SEDIMENTATION 

1 RATE 

| (mm/hk.) 

UDforo hemorrhage 

840 

0 

1.0 

Blood withdrawn (658 ml. or 




3.6% of body weight) and 




S20 ml. of 5% gelatin in- 




fused 




1/4 

326 

281 

70.0 

2 

435 

178 

56.0 

4 

482 

139 

50.0 

7 

541 

110 

37.0 

11 

560 

90 

30.0 

16 

621 

65 

27.0 

22 

701 

35 

2S.0 

30 

730, 

32 

27.0 

4S 

774 

IS 

43.0 

168 

797 

12 

1.0 


The sedimentation rate of erythrocytes was greatly accelerated by the in- 
fused gelatin. In most instances the sedimentation rate decreased approxi- 
mately at the same rate as the gelatin concentration in the plasma decreased, 
hi all instances, the rate had returned to normal the following week (Table III). 
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ueriltr.ff f lCV “ ,1Cd tl " ! I*™*™* of ow.mxinmk.lv S« 

,o ui ind of 1 ““ f 0 " 0 ' 10111 ' 11 ' l “" U ' “ ttcr 50 P“'' ««t nt four 

1° ;,; of at l “ ,ms - Uri "« *“'"*»> on, revealed 

T-rbln m ml I,0r T “ f U ' c sola,i " «'.« excrete, I „„cta„ w l 

lions on n ’ lh,S Oeeur, ' od ' Vlthm twenty-tour hours. Gelatin determina- 

J ‘ f Zo " S '-T M t,K Hm ' !,ml kid "''>» “ f »"« <««K 01 autopsy eight 
s attu tint teen mliiamns rml.ealerl that there was no free gelatin slored 
m these organs. 

I'abll I \ . Rate or Appearance or Gelatin in Urine rou Tiikee Successive Weeks 

(Data From Dot; ;s) 


FIRST WEEK 


PERIOD AFTEI 
INFUSION 
(HR.) 


0-2 

2-16 

16-10 


AMOUNT OF 
GELATIN IN 
URINE 

{% OF GELATIN 
INFUSED) 


SECOND WEEK 


3S.5 

23.0 

0.0 


PERIOD AFTER 
INFUSION 

(hr.) 


0-6 
6- IS 


AMOUNT OF 
GELATIN IN 
URINE 

(C c OF GELATIN 

infused) 


THIRD WEEK 


1S.S 

1S.3 


PERIOD AFTER 
INFUSION 
(HR-) 


amount of 

GELATIN IN 
URINE 

( r /c OF GELATIN 
INFUSED) 


0-6 

6-1S 


36.7 

20.3 


Total excreted 61.5 


37.1 


57.0 


and thvomhfiZ aut0 P s - v m 'ealed no gross pathology, exeept for sear tissue 
noted previously!” " 1C a "' CS “* tho S ‘ tcs ot bl “ di "S ■""! gelatin infusion as 

iuoular veins” ! " m ot the Iteart, eoronary vessels, aorla, carotid arteries, 

1 ' ” ; “ d ''“"ljtftof.es showed, in some instances, changes attributable 

rlr , IS T'. , ThCro "“ s » faeuoliaation or subendothelial edema of 

eef fl T! ,T f SCai °" S ° f l, “ Itutgs. stomach, intestines, 

ifeSefo , I ” S ’ S "' ! “ tcd m,,sclc ' b ™ i ". tnerunges, and gonads 
likewise showed no changes attributable to gelatin. 

ov P ai ' eil . cI ;?’ ma f tIle livcr "’as normal. Many of the Kupffer cells, how- 

’ f ,! 1 Se nMllCuSed d °8« contained sudanophile droplets. Those in the 
.s o le acini around the periportal fields were most affected. The Kupffer 
te Is m nine ot twenty-four control sections of liver tissue showed moderate 
a s aming The Ivupffer cells of human liver, according to Levine, 3 " normally 
eon am neutral fat. The Ivupffer cells of one of the dogs from which a portion 
o the liver was removed prior to gelatin infusions were fat-free. Immediately 
attei completion oi the series of infusions, the Kupffer cells were loaded with 
su a ophde droplets. At autopsy, seven weeks later,' the same condition 
obtained. The nuclei of the Kupffer cell's appeared normal in all eases. 

Histologic examination of the kidneys of gelatin-infused dogs showed, in 
some instances, slight departures from the normal. The epithelial cells of the 
tubules of the proximal convolutions were sometimes swollen and occasionally 
vacuolated. Since gelatin is cleared through the kidneys, it is conceivable that 
m some animals it may have been responsible for the slight pathology observed. 
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CONCLUSIONS 

A highly purified and highly degraded 5 per cent gelatin solution pre- 
pared especially for intravenous therapy in human subjects was well tolerated 
by dogs when given repeatedly for several weeks in amounts commensurate 
with the fluid lost by hemorrhage. The only morphological pathology which 
might be attributable to gelatin in this series of dogs was the presence or in- 
crease of sudanophile droplets in the Kupffer cells. The significance of such a 
change is not known. It appears that the function of the Kupffer cells was not 
materially altered. None of our dogs developed infection of the respiratory 
tract or at the sites of bleeding and infusion. 

The vascular pathology described by Hueper® was not observed in our 
series. Although Morehead and Little 21 found degenerative and reparative 
changes in the vascular system of their gelatin-infused dogs, they concluded that 
the lesions were not due to gelatin since similar changes were present in their 
control series. 

Of the blood constants determined, only the sedimentation rate was altered 
by gelatin. This phenomenon is common to all macromolecular substances and 
occurs also when plasma protein concentrations are elevated. Gelatin did not 
interfere with the formation of hemoglobin or plasma protein, both of which 
were partially depleted at each hemorrhage, when infused weekly for periods 
as long as three months. 

Gelatin appears not to be stored in the liver or kidneys. A major portion 
is excreted by the latter. The fate of the balance is unknown. 

SUMMARY 

1. Gelatin solutions prepared for intravenous therapy proved innocuous 
to dogs when administered intravenously following repeated massive hemor- 
rhages over a period of several weeks. 

2. Vascular pathology was absent. The presence or increase of sudanophile 
droplets in the Kupffer cells was the only morphologic change attributable to 
gelatin. 

3. Gelatin did not interfere with the formation of hemoglobin or plasma 
protein and appeared not to be stored in the liver or kidneys. A major portion 
was excreted by the kidneys. 
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ATTEMPTS AT THE EXPERIMENTAL PRODUCTION OF 

ARTHRITIS 

Rvlph Pemberton, M.D., John Eiman, M.D., F. M. Simmons Patterson, M.D., 

and Eleanor A. Stackhous 
Philadelphia, Pa. 

A RELATIONSHIP of the endocrine system to the phenomena of arthritis 
has long been suspected. Even before the development of modern endo- 
crinology, it was recognized that the menopause seemed to have a significant in- 
fluence upon the development of hypertrophic or osteoarthritis, and the term 
arthritis of the menopause appears in the literature as far back as 1855. 

Recently an attempt has been made by one of us (R. P.), in conjunction 
with Scull, to integrate known and suspected factors within the neuroendocrine 
field in the pathogenesis of rheumatic disorders. 1 

Efforts have been made to simulate in experimental animals the phenomena 
of arthritis in some of its manifestations by means of injection of hormonal 
material, by the ablation of certain hormone-yielding organs, and by other 
steps of the kind. Among the most significant studies in this connection have 
been those of the Silberbergs 2 who have succeeded in producing some of the 
pathologic picture of hypertrophic or osteoarthritis in experimental animals by 
injection of extracts of the pituitary. Another attempt of the same general nature 
has been made by Selye, 3 who describes the induction of a number of phenomena 
characteristic of the arthritic state as the result of the injection of desoxy- 
cortieosterone acetate with the exhibition of certain other concomitant influences. 

Selye 3 reports that the administration of desoxycorticosterone acetate in 
comparatively large doses causes the formation of “Aschoff bodies in the heart 
and the presence of periarteritis nodosa, a condition occasionally seen in man 
following an attack of rheumatic fever. Since in addition choreiform twitches 
and a few rare cases of arthritis were encountered in desoxycorticosterone 
acetate treated animals, it may be said that all the elements of the complex 
rheumatic syndrome were reproduced in experimental animals. ’ ’ 

He further states, “The arthritic lesions, which are rarely seen in the intact 
desoxycorticosterone acetate treated rat, develop with great frequency in 
similarly treated thyroideetomized or adrenaleetomized animals, especially if 
these are kept in cold surroundings. ’ ’ 

He also says, “Previous experiments revealed that unilateral nephrectomy 
and sodium chloride treatment increase the sensitivity of rats to many over- 
dosage effects of desoxycorticosterone acetate.” In his experiments “all animals 
were sensitized by ablation of the left kidney 5 days before injections were 
•started and given 1% NaCl to drink beginning on the day of operation.” 

It is obvious that importance attaches to conclusions of this nature and it 
VlJb th erefore decided to repeat, so far as possible, Selye ’s experiments. 

From tho Ablngton Memorial Hospital, Abington. Pa. 
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Experiment 1 (Divided Into Three Groups ). — 

Group A: Eight female albino rats weighing 20 grains each were put on 
Fox chow plus 1 per cent XaCl to drink, and six of them wcie given injections 
of 3 mg. desoxycortieosterone acetate* twice daily for forty-two days. To serve 
as controls, two received no injections. The temperature of the animal mom 
varied from 55 to SO 0 F. Three of the six injected rats showed some redness 
and swelling of the hind feet and knee joints eleven to eighteen days after 
injection. This subsided and reomiried fiom time to time, disappearing befoie 
autopsy. The two controls showed no gross lesions. At autopsy six of the eight 
rats, including both controls, were found to have parasitic infection of the 
livers, the parasite being a strobilocereus of the Taenia Tueniaformis, a common 









Fig 1. — One aiticular sui face of experimentally induced arthritis shows focal destruction 
of cartilage and underljiug bone. The noinial tissues are replaced by semlnecrotic material, 
proliferating cartilage, and ftbioblasts. 

tapeworm of the domestic cat, the intermediate host being rats and mice. Sec- 
tions were made of the hind legs and feet. The three affected rats showing gross 
swelling revealed microscopic joint changes. These w'ere slight proliferation of 
the capsule with the lining of the cells piled up over a small ulcer in some places; 
loss of cartilage; a proliferation of fibroblasts replacing the ulcerated cartilage; 
marked focal destruction of articular cartilage on both articular surfaces; and 
adhesions extending from one ulcerated area to the other with loose connective 
tissue replacement (Fig. 1). 

•The desoxycortieosterone acetate used in these experiments was made available through 
the courtesy of Dr. Edward Henderson, Director, Division of Clinical Research. Sobering v-or- 
porntion, Bloomfield. N. J. 
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01 the two control rats receiving no injections, one leg joint of one rat 
showed one-third of the joint surface of the cartilage to be replaced by irregular 
masses of proliferating connective tissue. 

Group B: A similar group of eight rats was given Pox chow and plain 
water to drink and was injected identically with Group A, in the same room, at 
the same time, for the same length of time, to determine whether the absence 
of 1 per cent salt made the animals more or less susceptible to arthritis. There 
was never any gross redness or swelling. One injected rat died. One control 
was not sacrificed. At autopsy, of the five injected rats and one control, three, 
including the control, were found to be infected with parasites. Sections of the 
hind legs were made and only one of the injected rats showed any joint change. 
In this animal one joint surface showed a necrotic area in the cartilage. 

"Within the joint cavity of another joint, seminecrotie tissue was observed 
to be attached to the synovia. The control rat was negative. 

Group G: At the same time eight rats varying in weight from 25 to 86 
grams were put on Fox chow plus 1 per cent NaCl, and four were given injec- 
tions. The remainder served as controls. All were placed in a room without 
heat where the temperature was 40 to 55° C. The four injected rats died in a 
few days and four more, weighing 116 to 122 grams, were substituted. The con- 
trols which did not succumb weighed 82 to 86 grams. The experiment was dis- 
continued after thirty-five days, since there was no gross redness or swelling. 
At autopsy no liver parasites were found. One control rat and the four injected 
rats were sectioned. One test rat showed proliferation of connective tissue from 
the synovia into one joint cavity. 

It may be concluded from this experiment that : 

1. Young rats, overdosed with desoxycorticosterone acetate and given 1 
per cent NaCl to drink, showed joint changes in 50 per cent of the experimental 
animals, somewhat resembling certain phases of hypertrophic or osteoarthritis 
found in man. Some joint change of similar nature was seen in one joint of one 
control. 

2. The subjection of experimental rats to environmental cold, as desei-ibed, 
does not substantiate Selye’s findings, since no evidence of gross swelling or 
crippling resulted. 

3. The rats not ingesting salt showed no marked incidence of gross or 
microscopic changes in the joints. 

Experiment 2 . — This experiment was carried out on mononephrectomized 
mid bilateral adrenalectomized rats. The following steps were employed in each 
operative procedure : 

1. The rat was anesthetized with ether. 

2. The rat under anesthesia was secured to an operative board of soft wood 
>.v means of rubber bands looped about the feet and over hooks which were 
attached to the board. 

-3. The operative area was clipped with scissors and then shaved. 

4. The skin of the operative site was painted with tincture of metaphen. 

5. Sterile draping of the operative site was performed. 
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6. The surgeon used sterile gloves after tliorouglily scrubbing his hands 
with soap and water. 

7. Sterile instruments were used throughout. 

S. After the operation had been completed, the rat was kept in a warm 
cage until out of anesthesia. 

The surgical technique employed in each experiment is now given in detail. 

Technique of Unilateral Nephrectomy and Vdatcral Adrenalectomy: Ether anesthesia 
was used and tho rats were placed in a prona position. A dorsal midlino incision was made 
through tho skin at tho level of the kidneys. Tho subcutaneous fascia was incised on the right, 
exposing tho muscle. A longitudinal incision was then made along the lateral border of tho 
right dorsal muscle mass. Tho muselo was retracted medially and the kidney and adrenal 
exposed. Tho right kidney and adrenal were delivered. The kidney pedicle was ligated with 
No. 00 plain catgut and tho kidney and adrenal excised. Similar exposure was then made 
on. tho left side. The kidney was delivered and the adrenal was displaced upward, detached 
from the upper pole of the kidney, and removed. The kidney was returned to its anatomic 
position. Tho skin was then dosed with interrupted line silk sutures. 

Thirteen female albino rats weighing from -10 to 50 grams .were mononephrcctomized, 
and seven of these were bilaterally adrenalectomized. They were gi\en 1 per cent NaCl to 
drink and Fox eliow. Five days later, weighing 05 to 00 grams, they were given injections of 
3 mg. of desoxycorticosterono acetate twice daily for twenty-eight days. This was given to 
tho seven adrcnalectomized, mononephrectomued rats and -to four of the six mononephiee- 
tomized rats. Tho mononephrcctomized and one intact rat were kept as controls, receiving no 
injections. They were all kept in a warm room. 

No redness or gross swelling was observed. At autopsy none of the rats 
showed parasitic infestation. The hind legs were examined microscopically with 
the following results : 

1. Two of the seven adrenalectomized, mononephrcctomized rats showed 
some joint changes. 

2. One of the four mononephreetomized rats developed a joint showing 
practically complete obliteration of the joint cavity due to adhesions of adult 
connective tissue between both articular surfaces. The same joint showed 
destruction, and connective tissue replacement, of articular cartilage. 

3. One control rat, nophrectomized, showed slight absorption of cartilage 
and slight proliferation of endothelial cells at the attachment of the synovia. 

It is evident from these experiments that the operations discussed did not 
contribute further to the development of arthritis. Normal rats overdosed with 
desoxycorticosterone acetate showed more evidence of joint changes than did 
those operated upon. 

Experiment 3 . — -Eight rats were mononephreetomized and thryoidectomized 
as follows : 

The previously described technique for unilateral nephrectomy was observed. 
The animal was then placed in the dorsal position for thyroidectomy. The 
head of the animal was kept in extension by means of a rubber band looped 
over the upper incisors. A ventral midline incision was made in the neck. The 
salivary glands were freed at the midline and retracted laterally. The sterno- 
hyoid muscle was divided in the midline. The thyroid was exposed by careful, 
blunt dissection witli a small curved hemostat. The gland was grasped with 
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tooth forceps, and while retraction was exerted upward and laterally the gland 
was dissected free from its attachments by means of a needle. Bleeding was 
negligible when the gland was removed by this technique. The skin was then 
closed with interrupted fine silk. 

Five days after operation, the eight rats were injected with 3 mg. of 
desoxycorticosterone acetate twice daily for a total of ninety injections. 

None of these rats showed any gross redness or swelling. One died at five 
weeks. Since these rats showed no gross evidence of arthritis, it was decided to 
add one more stress in the form of an injection of bacterin or bacterial toxin. 
This, when given to human beings, often causes a systemic reaction such as 
chills and fever. With this thought in mind, it was decided to subject these 
operated rats, overdosed with desoxycorticosterone acetate, to increasing doses 
of whole typhoid bacterin and serobaeterin. 

The remaining seven rats were divided into three groups : 

Two rats were given .3 ml. of typhoid whole bacterin. 

Three rats were given .3 ml. of serobaeterin typhoid. 

Two rats were not given any bacterin, being left as controls. 

Two normal rats were used as controls on the bacterin alone, one receiving 
the serobaeterin, the other, the whole bacterin. The doses of bacterin were given 
at five-day intervals and increased to 1 ml., the schedule of dosage being .3, .6, .8, 
1 ml., and 1 ml. Since these injections did not seem to have any gross effect 
on the health of the rats, all were sacrificed and autopsied. 

The two control rats, receiving typhoid bacterin only, showed no joint 
changes. 

Of the three remaining rats, only one of which had received typhoid 
bacterin, all showed extensive ulcerations and connective tissue replacement of 
articular cartilage by fairly adult connective tissue. 

The two control rats, receiving typhoid bacterin only, showed no joint 
changes. 

This experiment with mononephrectomized, thyroidectomized rats subjected 
to overdosage of desoxycorticosterone acetate and the addition of typhoid 
bacterin did not increase the extent or incidence of joint changes. 

Experiment 4 . — Another group of fifteen rats weighing 30 grams was 
I coated as follows : 

Seven were mononephrectomized as previously described, and ovariec- 
lomized. 

Four were ovarieetomized. In one the testicles were removed. 


Technique of Bilateral Oophorectomy : Ether anesthesia was used and the rats were 
!' 'J CCl1 in a I' rono position. The right ovary was exposed through the thin muscle wall just 
wow tho dorsal muscle mass. Hemostasis was then insured by ligation of the upper horn 
o t io uterus on the right side with No. 00 plain catgut. The right ovary and the oviduct 
iero hen removed. A similar technique was used to remove the left ovary and oviduct. The 
m Ln cision was closed with interrupted fine silk sutures. 

Three of tho fifteen rats were left intact as controls. All were put on Fox chow inrl 

XT/fi • rVT* ^ ° Perati ° n aU WC . re 3 ° f desoxycorticosterone 

‘ ' i"ico doil) for thirty days, a total of sixty injections. 
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The mts gained weight and showed no gross evidence of arthritis. All were saeriticcii 
iiud autopsied. There was no parasitic infection of the livers. 


One rat which had a stitch abscess for twenty days before the infected 
stitch was removed and the lesion healed was watched especially to see if it 
would show any joint involvement due to the added stress of infection; it did not, 
however, and microscopic findings of its joints were negative. 

The results of this experiment were: 


Three of the seven mononephreetomized, gbnectomi/.ed rats had some minor 
changes of the cartilage and underlying bone of the leg joints. 

Two of the five ovariectomized rats had a few small foci of erosion of 


articular cartilage extending down to the bone. 

Two of the three control rats, having no operations, showed focal ulcerations 
or erosion of cartilage in some places extending down to the bone. 

This experiment reveals that the operative procedures of mononephrectoray 
and ovariectomy, or ovariectomy alone, do not lead to joint changes resembling 
“rheumatic and rheumatoid conditions in man” with a frequency greater than 
in normal rats which are unoperated and overdosed with desoxycorticosterone 
acetate. 

Since the controls in these experiments showed some joint change, a food 
experiment was conducted. 

Experiment 5 . — Twenty male and twenty female rats, most of them weighing 
30 to 50 grams, a few weighing up to 100 grams, were divided into four groups, 
five of each sex of varying weight in each group. Both sexes were included to 
ascertain if one sex were more prone to arthritis than the other. 

Group 1 was given Fox chow plus 1 per cent of Nad. 

Group 2 was given Fox chow plus 2 per cent of NaCI. 

Group 3 was given Fox chow plus plain water. 

Group 4 was given no Fox chow, but bread, greens such as lettuce or celery, 
and water. 

All groups were kept on schedule during the summer months, from June 15 
to September 26, when they were sacrificed with the following results : 

1. None of the rats at any time showed any gross evidence of arthritis. 

2. All rats of the group on 2 per cent NaCI were stunted in growth, scaly, 
dirty, and emaciated. They gained weight, but slowly. 

3. Twenty-three of the thirty rats eating Fox chow showed liver parasites. 

4. None of the rats, male or female, of Group 1 or 2 showed any microscopic 
joint changes. 

5. Only three of Group 3 showed any microscopic joint change, this being 
found in female rats only. This joint change is described as fairly extensive 
destruction of articular cartilage with adhesions between articular surfaces. 

6. Group 4, however (not on Fox eliow), showed no liver parasites, was 
grossly healthy, and gained weight at a normal rate, but microscopically six 
of seven presented joint changes. 

These joint changes constituted the most marked microscopic findings of 
the entire group of experiments undertaken. 
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The changes consisted of a fairly extensive destruction of articular cartilage, 
ulceration, and adhesions connecting the ulcerating surfaces (hig. 2). 

Finally, reviewing all the variations carried out in these five experiments 
and the results obtained, the work was concluded by repeating the first experi- 
ment. 



Fig-. 2 —One articular cartilage, in experimentally induced aithritis. shows a superficial ulcer In 
which the cartilage cells have been replaced by semmecrotic material. 


Experiment 6. — Rats of our own raising, weighing 30 grams, were used. 
Several were sacrificed before beginning the experiment to see if they were free 
of liver parasites. The Fox chow was sterilized, as were all the cages, to 
eliminate, if possible, parasitic infestation. 

It was decided to use two preparations of desoxycorticosterone acetate; a 
3 mg. emulsion of crystalline desoxycorticosterone, and a 5 mg. in 1 ml, of peanut 
oil. 

Sixteen rats weighing 30 grains were used. Bight were given 3 mg. of the* 
emulsion twice daily. Two weie kept as controls with no injections. Six were 
given .5 ml. intramuscularly twice daily of the oil preparation one dose in the 
muscle of each hind leg. All weie given sterilized Fox chow and 1 per cent 
A T aCl for drinking water. The eight rats received injections for a period of 
tliirty-nine days, at which time injections were discontinued. 

There was no gross evidence of arthritis in either test or control rats, and all 
were sacrificed twenty-seven days later. The six rats on oil preparation showed 
much edema of the hind legs and feet which was believed to be unabsorbed oil. 

The rats received a total of IS ml. per rat over a period of twenty-four 
days. The day after the last injection one of these rats was sacrificed and 
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diet do not show the arthritic changes enco?mt^™ft e r l fTT ° ?“ 
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It is further to be observed that as far as so-called spontaneous arthritis 
is concerned, a cliief conclusion of this work has to do with failure to reproduce 
arthritis as, the result of certain operative procedures followed by administration 
of desoxyeorticosterone acetate. 


SUMMARY 

Arthritic-like lesions were encountered in groups of rats maintained on 
standard laboratory rations and on grossly unbalanced diets and in animals 
receiving injections of massive doses of desoxyeorticosterone acetate. In one 
group receiving massive doses of desoxyeorticosterone acetate, together with a 
one per cent NaCl solution for drinking water, joint changes were formed in 50 
per cent of young female white rats. These results are at variance with the 
findings of certain other workers that arthritic lesions are rarely seen in intact 
desoxycorticosterone-treatecl rats. Attempts to increase the incidence and 
severity of these arthritic-like lesions by exposure to cold, by thyroidectomy, 
adrenalectomy and gonadeetomy were unsuccessful. The changes observed in 
the joints are those of focal areas of degenei*ation and ulceration in the articular 
cartilages. 
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ST limns ON TIIE NEPHROTOXIC ACTION OF 
(//-SERINE IN THE RAT 
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Max Wauhstkix, -M.O. 

Middlktowx, N. V. 

E XTENSIVE renal necrosis in tile kidneys of young male rats lias been 
shown to he caused by (//-serine («-ninino-/Mivdroxy propionic acid). 1 ' 3 
The protective action of various amino acids and related compounds against the 
damaging action of (//-serine 1 * 5 was reported in a previous communication, dl- 
methionine and glutathione exert a considerable protective influence. This is 
probably not due to Sll-groups since cysteine and thioglvcolic acid have only 
small beneficial effect and 2.3-ditliiopropanol (BAL) has none, (//-alanine, 
glycine, (//-threonine, glycolic acid, butyric acid, and pyruvic acid have a marked 
protective influence. / (•(•) histidine monohydroelUoride and lactic acid afford 
appreciable protection, and / (+) arginine monohydrochloride and (//-valine, 
moderate protection. Some influence was seen from / (-.*-) glutamic acid, while 
glucose, sodium acetate, and sodium chloride were wit hunt effect. It is postulated 
that the protective action of these substances is due to their competitive sup- 
pression of tubular rcabsorption of the injurious (//-serine. The present report 
deals with the nephrotoxic* effect of (//-serine in the presence of hydronephrosis 
of one kidney. 

METHOD 

Sixteen tulult mule albino rat;, from the Winter strain were used. Their weight varied 
between 195 and 300 grams. Adult male animals were previously found to be as susceptible 
as young rats to the nephrotoxic action of (/(-serine. « The left ureter was ligated under 
sodium amytal anesthesia. (Zf-serino was injected 1, 3, -1, (5, 7, S, 9, 12, 21, 10, 01, SS, 112, and 
130 hours after ligation of the ureter. One hundred milligrams of (//- seriue dissolved in 3 ini. 
of distilled water were given for each 100 grams of weight by intraperitoneal injection. The 
animals wero sacrificed twenty-four hours later. Tissues were fixed in formalin and stained 
with hematoxylin-eosin. Alkaline phosphatase activity was demonstrated with Gomori s 
method 7 as modified by Rabat and Furth* in tissues fixed in cold acetone. The incubation 
time in the substrate mixture was two hours. Xo counterstain was used. 


RESULTS 


In all animals the kidneys with uninterrupted urinary flow showed exten- 
sive necrosis in the region of the cortieo-medullary junction. On gross examina- 
tion a small, irregularly shaped strip of grayish discoloration at the innermost 
portion of the cortex indicated the necrotic area (Fig. 1). The epithelium of 
many tubules in this area was almost completely destroyed (Fig. 2). With 
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the help of vital staining with lithium carmine and by the maceration and 
dissection technique of Oliver, 9 the kidney damage was localized to the terminal 
segments of the proximal convoluted tubules. 9 There was no significant differ- 
ence in the extent of renal necrosis in the obstructed as compared with the 
unobstructed kidney when dl - serine was given within three hours after the 
ligation of the ureter. In the kidneys that had been obstructed from four to 
seven hours, the extent of the necrosis was considerably decreased. In one of 
the experiments, only few necrotic tubules were seen in the hydronephrotic 
kidney of a rat injected with dl-serine six hours following the ligation of the 
ureter (Fig. 3). In all animals in which dl-serine was given eight or more hours 




hv h'-The kidneys of a male rat weighing 210 grams which was given 210 mg. di-serine 

t \v oVVl.l J e r 1 i 0 11 e a 1 injection six hours after ligation of the left ureter. The animal was sacrificed 
of 5 r »i ° urs * ater - The unobstructed right kidney (top) shows an irregularly shaped strip 

i 0,1 at cortico-medullary junction, indicating the necrotic area. The left kidney 
a s : 10VVs hydronephrotic dilatation without the necrotic area seen in the other kidney, 
approximate magnification, X2. 


following the obstruction of the ureter, a similar degree of almost complete pro- 
motion in the obstructed kidney took place. Only very occasional tubules 
were necrotic. The kidneys in which the ureter had been ligated showed the 
Epical gross and microscopic changes of experimental hydronephrosis increasing 
m intensity with the duration of the experiment. 10 

Phosphatase activity was normal in animals which were killed within 
urty-six hours after the ureter had been -ligated. Considerable decrease in 
Phosphatase occurred in the remaining animals in which the obstruction had 
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lasted for a longer time. The necrotic cells in the damaged proximal convoluted 
tubules of the unobstructed kidney revealed phosphatase activity as previously 
-described. 6 

COMMENT 

Depression of the nephrotoxic action of mercury bichloride as early as . 
fourteen to twenty-four hours following ligation of the ureter was described 
by Elbe 11 in 1905. Elbe’s findings were later confirmed by Kosugi. 12 Frola 
found a similar protective influence of hydronephrosis on the damaging effect of 
uranium nitrate. 13 These observations were recently extended by Willmer 11 
who confirmed the protective effect of experimental hydronephrosis upon the 
nephrotoxic action of uranium nitrate and mercury bichloride. Sucrose, 1 " 
however, as well as racemic tartaric acid and diethylene glycol produced the 
same amount of hydropic degeneration in the cortical tubules of the hydro- 
nephrotic and the normal kidney. In rabbits in which glomerulonephritis had 
been induced with duck-antirabbit serum, after the ureter in one kidney had 
been ligated, Keubi 16 observed nearly complete protection in the obstructed 
kidney. In this connection the observation of Falir” is of interest. He found at 
autopsy on a 37-year-old woman severe subacute glomerulonephritic changes 
in one kidney, while the other kidney with hydronephrotic atrophy showed none. 

As early as three hours- following obstruction of one ureter there occurred 
appreciable diminution in toxicity, and six to seven hours following obstruction 
almost complete elimination of the injurious effect of dZ-serine on the hydro- 
nephrotic kidney. The short time of obstruction necessary to modify the 
nephrotoxic action of dl - serine is more significant for this substance may cause 
microscopically demonstrable kidney changes within thirty minutes. These 
changes become extensive within the next few hours. 6 

No significant decrease in phosphatase activity is seen in the very early 
stage of hydronephrosis. Decrease, however, is noticeable in the hydronephrotic 
kidneys in the next few days and becomes progressively more pronounced. 
This is in full agreement with Willmer ’s findings. 19 Lipase activity in the 
proximal convoluted tubules of the hydronephrotic kidney shows a similar 
behavior.'- 0 While, therefore, the decrease in these enzymatic activities is 
apparently a comparatively late sign of disturbed cellular function, there are 
other evidences of very early changes. 

Slight general dilatation of the tubules takes place within three to six 
hours following ligation of the ureter. 21 * 22 Not only dilatation extending into 
the proximal convoluted tubules, but also flattening of epithelial cells and 
considerable parenchymatous and vacuolar degeneration in the cytoplasm occur 
within short time after ligation of the ureter. 10 * 12 In acute experiments in 
which the ureter of one kidney is obstructed and the urine of both kidneys is 
simultaneously analyzed, a decreased concentration of nitrogenous constituents 
and electrolytes is found. 23 * 21 The excretion of injected indigo carmine is 
considerably reduced as early as two to four hours following Ih-ation of the 
ureter. 23 * 23 ° 

Ainipo acids pass the glomerular filter and are reabsorbed in the convoluted 
ubules.- In view of the fact the glomerular filtration in experimental hydro- 
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nephrosis- 7 is probably undisturbed lor some time, an impaired passage of 
amino acids through the glomeruli is not likely, although not impossible, :s It is 
reasonable to assume that early functional disturbances in the convoluted tubules 
are responsible for the slowing up of the reabsorption of the toxic di-serine. 
Apparently the df-scrine is not concentrated in the distal portion of the 
proximal convoluted tubules to such an extent as to permit it to exert its destruc- 
tive action. 

Convoluted tubules occasionally show typical necrosis even after several 
days of experimental hydronephrosis. A similar phenomenon was noticed previ- 
ously with mercury bichloride and uranium nitrate. 1 -’* H That even after several 
weeks of ligation of the ureter the convoluted tubules have not completely lost 
the ability to concentrate injected lithium carmine has been shown by 
Suzuki. 20 


SU.UM.UtV 

In adult male rats the ureter of one kidney was ligated, and in intervals 
of 1 to 136 hours following the obstruction of the ureter dl-sc rine was injected. 
The necrotizing nephrosis induced by dZ-serinc is appreciably reduced in kidneys 
in which the ureter has been ligated for three to seven hours. It is almost 
entirely' suppressed if the injurious amino acid is given eight or more hours after 
the ligation of the ureter. It is assumed that early disturbance of tubular re- 
absorption does not permit the concentration of dl-scrine in the sensitive cells 
of the proximal convoluted tubules to become sufficiently- great to exert its 
destructive action. 
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LABORATORY METHODS 


A METHOD FOR SHOWING ANTIBACTERIAL ACTIVITY OF MINUTE 
QUANTITIES OF GRAMICIDIN OR PENICILLIN 

E. J. Foley and S. W. Lee, Ph.D. 

New Brunswick, N. j. 

T HE test described is based on the method of Jones and Simms 1 who showed 
that bacteriostasis could be measured as a function of inhibition of 
colony size and hemolytic zones produced by Group A streptococci on blood 
agar plates. 

Spingarn and King 2 used a similar procedure in studing the comparative 
susceptibility of Group A streptococci to penicillin. 

By the use of this method we have been able to compare the activity of grami- 
cidin and penicillin on a weight basis, and to determine the gramicidin con- 
tent in tyrothricin samples. The following examples give an indication of the 
results obtained. 

METHODS 

An eighteen-hour blood broth culture of C'203 (Group A) streptococcus 
is diluted to 10' 3 in plain broth. 

Dilutions of the drug to be tested arc made in a suitable diluent, that is, 
penicillin in water, or tyrothricin or gramicidin in 50 per cent propylene glycol- 
water. 

Sterile defibrinated rabbit blood (taken from rabbits which had been 
starved for twenty-four hours prior to heart puncture) ivas used. We have 
routinely used blood which has been at least twenty-four hours old and not more 
than five days old. , 

The tests are set up as follows: To Petri dishes (100 by 15 mm.) add: 

0.5 ml. defibrinated rabbit blood 
0.1 ml. 10' 3 culture dilution 

0.1 ml. drug dilution (do not mix with blood or culture until agar is added) 
11.8 ml. proteosc-tryptone agar melted and cooled to 45°C. 

The contents of the plates must be thoroughly mixed to insure an even 
distribution of all components. 

Various amounts of a drug in blood agar are made to give an adequate 
range of concentrations. This range should cover from 80 to 10 per cent in- 
hibition of growth. Usually five plates are prepared to study one sample. Four 
of these contain different concentrations of the drug in blood agar, and one 

From the Wallace Laboratories, Inc. 
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(containing no drug) serves as a control. This last one gives maximum hemo- 
lytic zones around each colony. 

After twenty-four hours’ incubation at 37 °C., the diameters of the hemolytic 
zones are measured with an ocular micrometer and a mechanical stage microm- 
eter. The longest diameters of the hemolytic zones around five representative 
colonies are measured and averaged. 

Streptococcus C203, under the conditions employed, usually gives a hemo- 
lytic zone 2.0 mm. in diameter. Smaller colonies and hemolytic zones are in- 
dications of the activity of the drug under test. To give a figure which in- 
creases with the activity, the “inhibitory activity” is expressed as 

(mm. of inhibitory zone with drug) 

100-100 ( mm 0 f inhi bitory zone with no drug) 

Table I gives ranges of concentrations of gramicidin and crystalline peni- 
cillin per milliliter of blood agar which show differences that may be measured 
and plotted. The results shown are from duplicate assays on two samples- of 
gramicidin and two hatches of crystalline penicillin. 


Table I. Inhibition or Hemolytic Zones of Streptococcus C203 in Blood Agar by 

Gramicidin and Penicillin 


DRUG | 

INHIBITORY ACTIVITY* 

CONCENTRATION MG DRUG PER ML. BLOOD AGAR 

| 0.006 | 

0.004 1 

0.002 | 

o.ooi ( 

0.0008 

Uramicidin 






15075 


50* 

25 


5 

15075 

80 

50 

25 

11.5 


23-10-B 


50 

25 

13 

8 

23-10-B 

70 

40 

20 

10 

7.5 

Crystalline penicillin CSC 






(1) 


GO 

40 

22 

18 

. (2) 


oo 

35 

18 



•Inhibitory activity defined as 100-100 


(mm. inhibitory zone with drug) 

(mm. inhibitory zone with no drug) * 


It is seen in Table I that detectable inhibition can he shown by gramicidin 
and penicillin when present in amounts as small as 0.8 milliinicrogram per milli- 
liter of blood agar. The results appear to be reproducible as shown by the 
duplicate figures. On a weight basis, penicillin appears to be more active than 
either of the gramicidin samples. 

Tyrocidine fails to inhibit the growth of streptococcus C203 on blood agar 
plates when present in a concentration of 1 microgram of blood agar. Thus 
the activity shown by tyrolhricin samples may be referred to as being a func- 
tion of the gramicidin present. 

By comparing samples of tyrothricin with a standard of known gramicidin 
content, it is possible to judge the gramicidin content of the unknown as greater 
ian or less than the known standard. Table II shows such comparisons. 

Sample 1S9 (figures show triplicate measurements) was a standard con- 
taining 20 per cent gramicidin, SO per cent tyrocidine HC1 by weight. 
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•Sample 85-13 contained 15 per cent gramicidin and 85 per cent tyroeidine 
1IC1 by weight. 

The other nine samples were i'rom lots of tyrothriein which had been 
shown by the Dubos 3 albumin broth test .(streptococcus IIGDD) to contain more 
than 20 per cent gramicidin when compared with a known 20 per cent grami- 
cidin control. 

Table II shows reasonable reproducibility of the 20 per cent gramicidin 
control sample (ISO) in triplicate tests, and, as expected, considerably lower 
values are shown by the 15 per cent gramicidin sample (85-15). 


Table II. Inhibition or Hemolytic Zones or Streptococcus C2U3 in Blood Aoai: iiy 

Tykotiiricin 


TYllOTUlUClK 

SAMPLE 

ORAM IC1WN CONTEXT 
(%) 

INHIBITORY ACTIVITY* 

concent:; at ion no fihix. rat ml. ulood auak 

: 0.0 1 ng 

i 0.02 ng I 



20 

so* 

50 

21.5 

1S9 

20 

so 

40 

oo 


20 

so 

47 

20 

76 

? 


55 

25 

5S 

f 


5(3 

30 

56 

1 


55 

2S 

70 

1 


SO 

60 

PD 

7 


65 

45 

69 

? 


60 

40 

75 

? 


55 

30 

73 

f 


5S 

2S 

HP 

? 

70 

*15 

21 

85-15 

15 

GO 

37 

5 


‘Inhibitory activity defined as 100-100 


(nnn. Inhibitory zone with drug) 
(mm. inhibitory zone with no drug) 


All of the other samples show a greater inhibitory value than the 20 per 
cent gramicidin control samples. Samples 70, PD, and 0!) give particularly 
high values showing GO, -15, and 40 per cent inhibitory activity at the level 
of 0.00S /xg per milliliter of blood-agar. 

It is of interest to note that an inhibitory value of approximately 50 per 
cent is given by 0.02 mierogram per milliliter of the standard (20 per cent 
gramicidin, 80 per cent tyroeidine) sample (Table II) as compared with a 
50 per cent inhibitory activity by 0.004 microgram per milliliter by crystalline 
gramicidin (Samples 15075 and 23-19-B, Table I). 


SUMMARY 


A method is described by which the inhibitory effects of niillimierogram 
quantities of penicillin or gramicidin can be measured. 
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A STREAK PLATE METHOD FOR DETERMINING GROWTH CURVES 

Julia T. Weld 
New York, N. Y. 

With the Technical Assistance of Anne Gunther 

\V7HILE investigating the action of certain sulfur s^pensions on the giovvt 
W of staphylococcus aureus / a technique was developed 
laborious than the pipette dilution, pour plate method for demon ubatasg ^ o 1 
curves. By adherence to certain details of technique, remarkably reproducible 
graphs were obtained for the first eight hours of growti. 

METHOD 

Test Culture.- The first essential is to keep the inoculum within the range- 
A three and one-half hour culture of Staph, aureus (Oxford stram) m ^^o nuUmnt b ot 
was prepared one day before each test. Two loopfuls of a 1:20,000 Mat spread 
separately on two halves of an agar plate to estimate the population. The culture 

“ cubic centimeters of hacto nutrient agar ^ cent agar) 

were poured into Petri plates which were > stored ^ t0 J ^ which interferes with 

was necessary to avoid condensation on the surra e 

accurate bacterial counts. a nno 

Loop.-A standard loop of nichrome wire, which .when filled held approximately O-O - 
c.c. of broth, was employed. In making subcultures the tube containing the test mate nal 
was held in a slightly slanted position and only the loop immersed, taking a 
the maximum amount of fluid. Beeently Calkins^ has shown that under specified conditions 
the quantity of fluid taken up by a loop is remarkably 'constant. 

1 Spreading a Loopful of Fluid.- The dry agar plates were ruled horizontally with a glass 
pencil, the size of the area between the lines being proportional to the expected bacterial 
count. (When large counts are expected/a whole plate is used for one preparation.) Then 
one loopful from each test preparation was spread evenly over the entire surface of t le 
agar marked out for it, care being taken to avoid cutting into the agar with the loop. I 
is, of course, important not to leave even tiny droplets of test fluid unspread. 

The Bacterial CW.-The colonies were counted after eighteen to twenty-four hours 
growth at 37° C. The figures obtained were multiplied by a factor of 500 to convert them 
to bacteria per cubic centimeter, since one loopful held 0.002 c.c. of culture. It is obvious 
that negative cultures might be obtained from cultures that actually contain a few organisms 
per cubic centimeter. 

When an entire plate was used, at least 200 individual colonies (representing 100,000 
organisms per cubic centimeter) were counted. When properly inoculated, none of the 
colonies run into one another (see Plate I). 

In the first eight hours of growth, the period of interest in our present study, the number 
of organisms in one loop was rarely more than 200. Therefore, the graphs represent the 
actual number of organisms in undiluted cultures, calculated to 1 c.c. volume. When the 
counts were higher than 200 colonies per plate, rough estimates were made and recorded, 
such as 1 plus for 200 to -100 colonies; 2 plus for 400 to GOO colonies; 3 plus for 600 to 800 
colonies; and 4 plus for over S00 colonies. 

From the Departments of Pathology amt Perinatology, College of Physicians and Sur- 
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The control tube wan usually slightly cloudy after four hours’ growth, aud always 
definitely cloudy after six hours. In such preparations the count was always in the millions 
and, therefore, out of the range of this technique. 

One possible source of error was that a loopful of test fluid, especially from the higher 
concentrations of an antibacterial agent, might have carried over sufficient material to inhibit 
growth. To explore this possibility, in several of our experiments one loop was spread over 
agar as usual, and a second loop from the same tube was mixed with melted and cooled agar 
for pour plates. We found that the two sets of counts were essentially alike and therefore 
concluded that the possibility of this error in our bacterial counts was no greater than 
the possibility of error with the pour plate method. 



Plate I.* — Antibacterial effect of penicillin upon the growth of Staph, aureus. Streak cul- 
tures of test mixture dilutions made on agar after two hours’ incubation at 37“ C. 


READING DOWNWARD 


COLONY COUNT 

CALCULATED 
NUMBER OP 
ORGANISM S/C.C. 

1. Penicillin content 0.1 

u./c.c. 

O 

0 

2. Penicillin content 0.075 

u./c.c. 

5 

2.500 

3. Penicillin content 0.03 

U./C.C. 

11 

7.000 

•i. Penicillin content 0.023 

u./c.c. 

130 

05.000 

0. Penicillin content 0.01 

u./c.c. 

100 

95,000 


The initial number of organisms per c.c. was 27,300. 

The control test after two horn's' incubation at 37° C. contained over 100.000 organisms per 
cubic centimeter. 

TEST PROCEDURE 

Tlie number of organisms in the test culture prepared the previous day 
was estimated from the preliminary plates of that day, and this culture was 

•Actual size. Photographed by Mrs. Miriam Wallace. 
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diluted on the day of the test so as to contain 100,000 to 600,000 cells pex* cubic 
centimeter. Appropriate dilutions of the antibacterial substance were dis- 
tributed in tubes in 1 e.e. amounts, and 0.05 c.c. of the test culture was added 
to each tube. Two loopfuls of the control tube were at once spread out sepa- 
rately on two halves of an agar plate to determine the initial count. The test 
preparations were then placed in a water bath at 37° C. At one-hour, two- 
hour, or longer intervals, one loopful from each was spread over the surface 
of the agar allotted to it. Six antibacterial agents, each in eight dilutions, 
were easily tested at one-hour or two-hour intervals by one worker. 

Where the antibacterial agent was dissolved in a solvent such as alcohol 
or carbowax, 1 ’ 3 controls were made to determine whether the solvent itself 
affected the bactei'ia. 



2 4 6 

Incubation Time in Hours 


l-lff. 1.— Antibacterial action of phenol for Staph, aureus. 
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RESULTS 

Figs. 1 to 11° show the growth curves of Staph, aureus in the presence of 
the following antibacterial substances: phenol, streptothricin, streptomycin, 
clavacin, penicillin, protoaneinonin, 3fangane.se protoporphyrin, alcohol-sulfur, 
carbowax-sulfur, sulfanilamide, and pentathionic acid. Figs. 1. to 11 show 
single experiments, all of which have been repeated at least once with essentially 
similar growth curves. 



Incubation Time in Hours 


Fig - . 2. — Antibacterial action of stieptothricin for Stanh. aureus (units per cubic centimeter). 

Protoanemonin is an antibacterial agent, described by Seegal and Holden^ 
and by' Baer, Holden, and Seegal, 5 active not only against the growth of certain 
gram-positive and gram-negative bacteria, but also against Cnjptococcus hominis 


*We are indebted to Miss Natalie Pearlstein for the preparation of Figs. 1 to 11. 
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and Candida albicans. The preparation used was a distillate of the stems, 
leaves, and blossoms of Anemone pulsatilla. Mn. protoporphyrin has been shown 
by Granick and Gilder 0 to inhibit a variety of organisms including Staph, 
aureus and the acid-fast bacilli in concentrations of 0.5 to 3 gamma per cubic 
centimeter. The sulfur preparations were suspensions of sulfur in alcohol 
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48 


Hk. 3. — Antibacterial action of streptomycin for Staph, aureus (units per cubic centimeter). 


(alcohol-sulfur) and in carbowax (carbowax -sulfur) which the authors have 
Umnd inhibitory for Staph, aureus in preparations containing only 0.1 to 0.3 
gamma of sulfur per cubic centimeter and for certain fungi in concentrations 
1 >s ' ow as 0.4 gamma. Pcntatliionic acid* was tested because it was suspected 


fur ln, l‘'btcd to Dr. W. A. Knapp of the General Chem 

Hath ,1 « K U ' ls uul WHai available to us. The H ; S:,0« prepared 
tMoSulfAiea' H <m b 1>or cont solul ion of lfcS»0« containing tetra a 


and trithionlc 
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that if present in the sulfur preparations it might explain their extraordinary 
activity. 

The curves showed at once important differences in the effects of these 
antibacterial agents in the ranges of concentration in which they were active. 
The more important differences are summarized in Table I. Even more inter- 
esting were the patterns of these curves obtained in the first eight hours of 



Fig. 3.— Antibacterial action ot penicillin tor Staph, aureus (units per cubic centimeter). 


growth. These differed in each instance and seemed characteristic for the 
■^instances studied. The following phenomena were noted: 

t . Bactericidal Effect . — The statement that certain agents were bac- 

i " 1S mtK " lc same reservations necessary in testing for bactericidal 

C U ‘ l ‘ l >y inost methods in current use. It was not proved that the effect was 


TABLE I. COMPARISON OP BACTERICIDAL AND BACTERIOSTATIC EFFECTS OF VARIOUS 

Antibacterial Agents 


1 

ANTIBACTERIAL AGENT 


I 2 

MINIMUM 
BACTERICIDAL 
DOSE 

i 

BACTERICIDAL 
EFFECT IN' 

110 UBS 

•i 

.MAXIMUM 
NONTNIillUT- ! 
1NG POKE} | 

5 

ItATIO COLUMN 2 
COLUMN 1 

Group 1 

Phenol 


i-soo* 

o 

1-1,000 

1.25 

StreptotUriein 


5 u./c.c. 3 

•* 

u 

O.ou./c.c. 

10 

Streptomycin 


0.2 tt./e.c.* 

1 

0.005 

40 

Clavaein 


-3 MS' c.e. 4 

li 

3 /rff/e.e. 

5 

Penicillin 


0.03 u./c.e.* 

■i 

o.Ol u./c.c. 

0 

Protoanemonin 


1-20,000* 

s 

1-00,000 

o 

o 

Group 2 


10 Mg/c.c.l 


0.123 pjf/ c.e. 

so 

Jfn. Protoporplivrin 

> 

l-100t 


1-51,200 

512 

Aleoliol-aulfur 

> 

MOO} 

— 

1-S00,000 

- S,000 

‘ Carbotvax-a'ulfur 

> 



— 


•No growth from 011 c loon (0.002 c.e.) inoculum. 

tNo bactericidal effect in largest amounts tested In eight hours. 

^Maximum dose of antibacterial agent giving curve approximately like that of control. 
Doses listed delayed growth slightly. See Klg. 2, 0..T unit curve; Klg. It. IMNKi unit rune; Me 
.1 MS curve, etc. 
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Incubation Time in Hours 

3<ig. <. -Antibacterial action of Mn. protoporphyrin for Staph, aureus (gamma per cubic centimeter). 
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irreversible, nor was it proved that subculture of a larger sample might not 
have shown a few surviving cells. 

It was evident, however, that the effect of phenol was purely bactericidal 
in the usually accepted sense. High concentrations of streptothriciu, strep- 
tomycin,* and penicillin also appeared bactericidal within two hours. A slower 



2 4 6 8 24 48 

Incubation Time in Hours 


Fig. S. — Antibacterial action of alcohol solution of sulfur (alcohol-sulfur) for Staph, aureus. 

bactericidal effect is shown by clavacin and protoanemonin in six and eight 
hour’s, respectively. The other three antibacterial agents (Mn. protoporphyrin, 
alcohol-sulfur, and carbowax-sulfur), even in the highest concentrations used, 
showed no bactericidal effect during the first eight-hour period of growth. 

•The 0.2 unit curve which gave negative cultures at one. two, four, six. eight, twenty-four, 
and forty-eight hours is omitted from Fig. 3. 
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3. Bacteriostatic Effect . — All agents tested showed a zone in which the 
cocci were inhibited for a period but began active growth within eight horn's. 
With phenol the period lasted only two hours in a narrow zone of concentration. 
With protoanemoniii, clavacin, and penicillin the range of concentration show- 
ing only inhibition was also narrow. It was somewhat wider in streptothriein, 
streptomycin, and Mil. protoporphyrin. The curves for sulfanilamide also 



Fit'. 10. — Antibacterial action of sulfanilamide for Staph, aureus. 


showed inhibition only in a narrow zone, but this may have been due to the 
presence of sulfonamide antagonists in the medium which counteracted its effect 
except in high concentration. The low pH of strong solutions of pentathionic 
acid also prevented determination of its range of activity. 
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With the sulfur suspensions, inhibition, seemed of a different order. In 
these there was an enormous range of concentrations in which the organisms 
were held at about the inoculation level for from four to eight hours, only to 
grow out freely at a later period. Tubes with higher concentrations in which 
the organisms were inhibited for twenty-four hours or longer appeared sterile 
on transfer. It seemed more probable that this was due to senescence of the 
inhibited organisms rather than to direct bactericidal effect. 3 



2 4 6 8 24 46 

Incubation Time in Hours 

Hk- 11. — Alittbucteilal action of pentalWonic add Cor Staph, aureus (gamma per cubic centi- 
meter). 

4. The Renewal of Growth Phenomenon .— This was seen after eight to 
winty-four hours’ growth, with intermediate concentrations of several anti- 
wctenal substances after the organisms had practically disappeared from the 
cultures and appeared to be dying out. This was probably due to the presence 
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of a small number of resistant organisms in the test culture. 9 ' 11 This phe- 
nomenon is most apparent with streptothriein and streptomycin and, to a less 
extent, with clavacin and possibly with Mn. protoporphyrin. It was not seen 
in the sulfur preparations or with sulfanilamide. In concentrations of these 
latter agents, which inhibited the staphylococci for eight hours, the organisms 
failed to grow out after longer exposure. 

Table I demonstrates that the substances tested may be separated roughly 
into two groups: 

1. Antibacterial agents which arc bactericidal in eight hours or less. In 
this group the minimum bactericidal dose is only 40 or less times the maximum 
noninhibiting dose. The range of dilutions which gives inhibition without 
bactericidal effect is small. 

2. Antibacterial agents which are merely bacteriostatic in eight, hours. 
This group gives only bacteriostasis in doses as high as SO to 8,000 times the 
maximum noninhibiting dose. The range of dilutions which gives inhibition 
is large. 

SUMMARY 

A simple streak plate method for demonstrating growth curves of Sinph. 
aureus under the influence of antibacterial agents is described. 

Graphs are presented showing the effect of the following antibacterial 
agents : 

Phenol: A rapidly bactericidal substance which kills the organisms in a 
concentration only slightly higher than one which has even no inhibiting effect. 

Streptothriein, Streptomycin, Clavacin, Penicillin and Protoancmonin: 
Antibacterial agents which kill the organisms in eight horn's or less in concen- 
trations not more than 40 times the noninhibiting doses. 

i Un. protoporphyrin and Suspensions of Sulfur in Alcohol (Alcohol-Sulfur) 
and in Carboivax (Carbowax-Sulfur) : Purely bacteriostatic preparations which 
fail to kill the organisms in eight hours in the highest concentrations tested 
but inhibit growth completely in minute fractions of such amounts. 
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FLUID THIOGLYCOLLATE MEDIUM 

Its Use for Testing the Sterility of Surgical Catgut Sutures 

Ralph Oakley Clock, M.D. 

Brooklyn, N. Y. 

B REWER, 1 in 1940, announced his fluid thioglycollate medium for the cul- 
tivation of anaerobes and stated that it also would support growth of 
aerobes. In his table, he showed that Clostridium novyi would grow satisfac- 
torily up to a month after sterilization of the culture medium, but he did not. 
mention the size of the inoculum used. He stated in his paper: ‘ The sodium 
thioglycollate combines with and inactivates most of the mercurials used as 
preservatives, and one is much more likely to obtain growth from contaminated 
biologicals which are preserved with one of these highly bacteriostatic com- 
pounds.” 

MeClung* reported that Brewer’s thioglycollate medium compares favorably 
with complex meat infusions in its ability to initiate growth from small numbers 
of cells. For his tests, eleven different species of anaerobes including Cl. novyi 
were used. 

Nungester, Hood, and Warren 0 conducted experiments to determine whether 
the addition of sodium thioglycollate to culture medium used in testing disin- 
fectants by an in vitro method would give results similar to those obtained by 
the “infection-prevention” method. They experimented with six mercurial 
compounds and found the percentage of positive growths was much greater 
when a culture medium containing thioglycollate v r as used. They concluded: 
“Sodium thioglycollate added to media for testing disinfectants in vitro appar- 
ently neutralized the bacteriostatic effect of the mercurial compounds tested 
and thus indicated the inadequacy of these substances as germicides.” 

As a result of Brewer’s findings, that the addition of sodium thioglycollate 
to culture medium inhibits the bacteriostatic action of mercurials, the National 
Institute of Health 5 specified a formula for fluid thioglycollate medium which 
it recommends for use in testing the sterility of biologic products. This culture 
medium* is a modification of the original Brewer formula. 

It has been suggested that fluid thioglycollate medium might be used effec- 
tively to test the sterility of all products that are preserved or impregnated 
with mercurial compounds. Such a procedure would utilize the fluid thiogly- 
collate medium for testing the sterility of surgical catgut sutures instead of the 
culture media officially prescribed by the United States Pharmacopoeia XII. 

purpose of investigation 

The purpose of this investigation was twofold: (1) to determine the com- 
parative growth-promoting properties of the National Institute of Health 
tormula for fluid thioglycollate medium with those of the Novy culture medium 
winch is specified in the U. S. P, Nil as the official anaerobic medium, and (2) 

llvCvlveil for publication. Juno I. lttl". 

•Prepared by the Dlfco laboratories. Incorporated, Detroit, Mich. 
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MATEKIAI.S AND methods 

(2) tlm u"s U p Tlf' T PriSCU (1) l ’ MMuid thioslycdlate medium and 

annerobMn ^SX2e UCd r ° r ’"V"* "' at P"P™* * 

tabes of the U 4 ? "' ,,s ‘'"-"bated without seal, while 

parts of pettoieum Mly “T ” K sM “ '"taro of e„ual 
medium f! ! Paraffin - Tl '« dual pH of the tluid tlnoglyeoliale 

LI S p Xir media ° v* *'- s recommended by Pittman, 1 while that of the 

A sertee ' U ' Wc ‘ 1 10 7 4 »» »P«i«e<I in the (J, S. P. XII. 

pmpert es oflXd M W “ S , “' U, “ t,od '» «» growth-pro, noting 

L,C ,°»J c ' U d ;:° Rl> “ lh,h ‘ m ' di ' ,n ‘.»»< 1 .' , r the II. S. P. XII anaerobic 
official Sterility Tests l'or SnP l'° ^ b 1 “j lmsnl 111 decimal dilutions. In the 
control CSu^r^ , S ' R XU »*«*»• CL mvyi for the 

medium. 10 <=> row di-promotiiig properties of the culture 

sutu^^^^SS^m^'ufo'^r"'? ** s ' e " m -v of oatgut 
and Bacillus subiM* <, nr i • .4. mg culture of Clostridium sporoyenes 

7 p- - r “js to - * 

EXPERIMENTS to determine gkowth-pkomoti.no properties 

anaerobic 1 medium “ d » t tho S ' P ™ 

to 10- 10 ) of a fortv-eirrlif i \ ! M th , 2 e ' C ’ of decimal dilutions (from 10-» 
are shown in Table 1° This ' evne° • 1 CU , UUe 01 ° 1 ' nomji ' T - y pical protocols 
results were sim^ to t^ ~ ^ 

Discussion of Results.— 

the first' 'dilution, md ^vlry^ht^ Il0llrs = as formed in 

of 0.000001 c.c. (10~°) ° a growth occurred from an inoculiun 

mIZ t^ ight ll0lU ' S Sas formed in the firat live tubes 
Aftei five days maximum decree of mvuvfii r \ \ 

inoculum of 0.00001 c.c. (10-=) „ a s fonnorT f ^ 4 - P US) occurred from an 

(10-), and a very light 30 m ° Culum of °- 000001 c ' c ' 

an inoculum of 0.00000001 c.c. (10- s °)., piesent 111 the tube containing 

bacterial growth t ."? nty ' foU1 ’ hours > a ver y 

e,. (W but gas did^noTform in^any^f Ttub^ “ “ l ° f ^ 
After forty-eight hours gas formed in the first four tubes 
After five days maximum degree of <rrowth ix T u, nr ,\ , „ 

inoculum of 0,°CH c.c. (1(H). gas formed fro°m au inoculum of 0.000™ c e (To “ 
and a light barter, al growth occurred from au inoculum of 0.000001 c.c.' (10-).' 
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Table 



MEDIUM 


Bucto-fluid 

thioglycollate 

medium 


for anaero- 
biosi3 


XNCUBA- 
| TION ' 

| PERIOD 

ao-J 

10-2 ! 

i 

| 10-3 

1 10-‘ ' 

10-5 ! 

| 10-o 

24 hr. 

4+ 

34 

34 

24 

24 

+ 


gas 






48 hr. 

44 

44 

44 

34 

34 

24 

gas 

5 davs 4+ 

gas 

44 

gas 

44 

gas 

44 

gas 

44 

34 


gas 

gas 

gas 

gas 

gas 

gas 

i 24 hr. 

44 

34 

24 


+ 


48 hr. 

44 

4+ 

34 

34 

24 

4 

gas 

5 days 44 

gas 

44 

gas 

44 

gas 

34 

34 

24 


gas' 

gas 

gas 

gas 

gas 



10-f 


2 + 


lO-io 


The degree of bacterial powth is indic^d plus smns. of growth is indicated 

cloud, 2 plus; heavy cloud, 3 plus; and very heavy c , I 

by 0. d to determine 

Decimal dilutions of a forty-e ' .and the U. S. 

the comparative growth-promoting -l formed earner 

P. XII anaerobic medium. In the t t he tubes of the U. S. P. a " aer ,?Jl° 

and after five days was present in o — rl „ v ; n the tubes of bacto-fluid thioglycollate 

medium. Bacterial growth was present on the ^flfth day m tne runes . 

medium as far out as the eighth dilution in contrast to 
U. S. P. anaerobic medium. 


n thfsi“th dilution in the tubes of the 


These results indicate that the 'fluid thioglycollate medium is superior to 
the U. S. P. XII anaerobic medium for supporting the growth of anaeron 
bacteria, such as Cl. novyi. This superiority is shown (1) aftei twenty ou 
hours’ incubation, by gas formation in the first dilution and by bacteria o 1 ' 0 ^’ 
out as far as the sixth dilution; (2) after forty-eight hours’ incubation by the 
maximum degree of growth occurring in one higher dilution and by ac eria 
growth being present in one higher dilution; and (3) after five days incu ation, 
by gas formation in one higher dilution, by the maximum degiee of aetena 
growth occurring in two dilutions higher, and by bacterial growth being present 
.out as far as the eighth dilution in contrast to the sixth dilution. 


EXPERIMENTS ON INACTIVATION OF MERCURIALS 

To determine the extent of the combining and inactivating properties of 
thioglycollie acid (contained in the fluid thioglycollate medium) for meicury, 
a series of experiments was carried out in which artificially infected catgut 
sutures containing 1 per cent mercuric iodide (Lot 1754) and some containing 
3.5 per cent mercuric iodide (Lot 1755) were tested for sterility. The sutures 
were infected with a sporulating culture of Clostridium sporogenes and Bacillus 
subtilis. For controls, sutures artificially infected with the sporulating culture 
but not impregnated with any chemical compound (Lot 1753) were used. 

Comparative tests were made by placing some of each of the three different 
lots of sutures directly into tubes containing 40 c.c. fluid thioglycollate medium 
and incubating at 37° C.; other sutures of each of the three lots were tested 
in accordance with the sterility technique prescribed by the U. S. P. XII. - This 
latter technique consisted of incubating the sutures first in tubes of 40 c.c. 
distilled water, then in tubes containing the inactivating fluid of 1 per cent 
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so nun thiosulfate and 1 per cent sodium carbonate; on the third day the 
sutmes were transferred to tubes of distilled water and incubated twenty-four 
hours; and on the fourth day the sutmes weie transferred to tubes of beef 
aroth prepared for aerobiosis and incubated, or transferred to tubes of gelatin 
beef broth prepared for .macrobiosis and sealed with a mixtme of peti oleum 

jelly and parattm and then incubated, itcsuits of these comparative tests aie 
shown in Tables If and III. 


T.uira. II 


LOT 


173,1 (Control) 

1751 (Containing 1% 
mercury) 

1735 (Containing 3.3% 
mercury ) 


AHCOMC lasULlS 


21-hour growth, gr.im- 
positiye roils 
21-hour growth, gram- 
positive roils 
21 liour grow tli, gmm- 
positive roils 


a v cto-fluid Tinoi; r.y(.oi.r. vte medium 

Axultoulo w suns 


21-hour growth: gram positnu rods with 
subtermnial sports; gas formation 
21 liour growth: gram positive rods with 
suliterminal spoil's; gas formation 
21 hour growth: gram-positive rods with 
ubterminal spores; gas form it ion 


_ ..w.. ..u.mu ~'|i vint, rV 13 UMIII 1UUU 

mint (1 l» btt^iUty Vcsta P of ^ suturt^ iVunoi 11 !!^^ f° !l milium for mercurj were tkkr- 
sutures contained I per cent imjtcurv infcctcil with i sporul iti»« cultuu*. borne 

>or controls, sutures urtlllclaVlVTnfohiil bli^Vi'ot ■ . 1 '« I'u cent imrair} 



occurred In ui tubes ln ,l correspond..! hm.r giowth- 


n • i T i 10 - r f Ul ^ given in TdbIc 11 indicate that (he thioglyeollic acid in the 
Jlmd thioglyeollate_ medium combines with and inactivates the 1 per cent of 

in <UU * )ei cent °*' ,n 01 cur y> ,li > -sliovvn by the aeiobie and anaeiobie 

acteria 1 growths wliicli occurred in Lots 17.14 and 1733 and which cheeked 
with the control Lot 1753. 

In f. h °" S th ° V0SUltS of Ubi,, h r the P. S. P. XII technique. It will 

* that the mercurial salts piesenl in the sutmes to the amount of 1 

? *1 T bl, ; e ; n f h tIlc sodi um thiosulfate of the inactivating fluid to form 

“ 1 '\ UCh “ S0h,ble 111 ' vater > ‘ ls s hown by the aeiobie and anaerobic 

bacteml growths m Lot 1754. However, the amount of mercury in sutures of 

sodium tbi ° P ei _ cent) that all of it will not combine with the 

Sr m ,l, S t C 0£ f tb V naetl . Vatblg 1Iuid ’ and euou oh meieurv is still present 
he sutiues to exeit a bacteriostatic effect and prevent bacterial giowtli. 

Tvble III 


LOT 

1733 (Control) 

1751 (Containing 1% 
mercury) 

1755 (Containing 3 5% 
mercury) 


U.S.P. ALROBIC M EDIUM 
VEitourc r.Esu Lrs 
21 liour grow tli, grain 
positive rods 
24 hour grow tli, gr.un- 
positive lods 
A T o growth after 15 
days* incubation 


i U s 1 J . V,N auoi lic MEDIUM 

1_ anaerobic RESULTS 

24 hour growth: gram positne rods with 
subtcrimual spores; gas formation 
-4 liour growth: gram-positive rods with 
subtenant tl spores; gas foimation 
-Xo giowtli aftei 15 days’ incubation 


Experiments were made to deteimine the in irtk i 7 " — 

standard inactivating fluid of 1 pet cent sodium thiosulfate 8 ) m| , ^ P nhV Li f ? r n , lelcu ° ? f tl10 
prescribed by the U S P XII Catgut sutmes aiUflctalU intected P f'a' “"‘“diuni cubonate 
mercury and some containing 3 5 per cent meicuiy were tested I fo.i'i.diViV, c< i nU .i ,l,n Lr 9S9J 

technique For contiols. sutures artificially mfected but not , S ± ^y the U S P XIT 
used These tests show that the stanilaul inactiyatlng fluid'eomb nes S w .to 1 V. ni ,) rc V n ," e,e 
cent mercury (as shown by' twenty’-four hour glow tbs in Lot 17541 *hnV tVi’it '!? lD1 * ates * P e £ 

E°oTl75-f)f aDd I "“‘ , ' at,n * r35 per cent mercury' (ns^shown by' th'e^bseni^'of grSfth m 
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111 ray bacteriologic investigations of chemical sterilization of surgical cat- 
gut sutures, I devised 2 an inactivating fluid of 10 per cent sodium thiosulfate 
for effectively combining with and inactivating mercurial compounds if present 
in amounts greater than 2 per cent. I recommended 3 the use of this 10 per cent 
sodium thiosulfate solution as an inactivating fluid whenever catgut sutures are 
found upon chemical analyses to contain more than 2 per cent of mercury. 
The U. S. P. XII adopted 8 this procedure as part of the official Sterility Tests 
for Solids. 

Accordingly, additional sutures from Lot 1755 were tested by the U. S. P. 
XII technique in which the 10 per cent sodium thiosulfate inactivating fluid was 
used, with results shown in Table IV. 


Table IV 



U.S.P. AEROBIC MEDIUM 

U.S.P. ANAEROBIC MEDIUM: 

LOT 

AEROBIC RESULTS 

ANAEROBIC RESULTS 

1753 (Control) 

1755 (Containing 3.5% 
mercury) 

Growth in 24 hours, 
gram-positive rods 
Growth in 24 hours, 
gram-positive rods 

Growth in 24 hours: gram-positive rods 
with subterminal spores; gas formation 
Growth in 24 hours: gram -positive rods 
with subterminal spores; gas formation 


Experiments were made to determine the inactivating properties of the special inactivating 
jiuid of 10 per cent sodium thiosulfate prescribed in the TJ. S. P. XII sterility technique when 
»arge amounts of mercury are present in sutures. Catgut sutures artificially infected with a 
sporulating culture and containing 3.5 per cent mercury were tested for sterility. Sutures 
fwially infected but not impregnated with mercury were used for controls. These tests show 
jnat the special inactivating fluid of 10 per cent sodium thiosulfate combines with and inac- 
tivates 3,5 per cent mercury, so that in all tubes of Lot 1755 growths occurred in twenty-four 
nours, which corresponded to growths in the controls. 


These results demonstrate that the special inactivating fluid of 10 per cent 
sodium thiosulfate is required in connection with the U. S. P. XII technique 
m order to detect the presence of living bacteria in catgut sutures which are 
heavily impregnated with mercurial salts. This special inactivating fluid elim- 
inates all bacteriostatic action of the mercury, thereby allowing the bacteria 
in the catgut to germinate in the culture medium. 

Discussion of Results . — This series of experiments to determine the inac- 
tivation of mercurials demonstrates in a convincing manner that the fluid 
I hio-ly collate medium is superior to the U. S. P. XII culture media for testing 
the sterility of surgical catgut sutures. It simplifies the technique because it 
inay he used without the inactivating fluids specified in the U. S. P. XII for the 
inactivation of mercurial salts. The thioglycollie acid contained in the fluid 
t uoglycollato medium combines with the mercury and thereby eliminates all 
laeteriostatic action of mercurial salts when present in catgut sutures in amounts 
•is great as 3.5 per cent. 


CONCLUSIONS 


The experiments herein described demonstrate that baeto-fiuid thioglycollato 
medium is superior, in the following respects, to the TJ. S. P. XII culture media 
01 cs * ln £ the sterility of surgical catgut sutures: 


('l novyi SmallC1 inoculllm su PI ,orts the growth of anaerobic bacteria, such as 


'malLlLutam. “ d ”' axim '"" ba ' teial S™*"* fom a much 
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3. No seal is required for anaerobiosis, since the sodium salt of thioglycollic 
acid lowers the oxidation reduction potential which is maintained for a consider- 
able period of time by the agar in the medium. 

4. Preliminary incubation in distilled water and inactivating fluids, for the 
purpose of removing bacteriostatic mercurial salts with which the sutures may 
be impregnated, is not required. 

5. The sodium salt of thioglycollic acid in the culture medium effectively 
neutralizes the bacteriostatic action of mercurial compounds when present in 
catgut sutures in amounts up to 3.5 per cent. 

Since these experiments were completed, the Committee of Revision of the 
United States Pharmacopoeia adopted the National Institute of Ilealth formula 
for fluid tliioglycollate medium for use in Sterility Tests for Liquids and Solids, 
and it will become the official sterility tost medium in the U. S. P. XIII. 
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DETERMINATION OP INULIN IN PLASMA AND URINE 

N. Herz and B. Shapiro 
Jerusalem, Palestine 

'T’HE use of inulin in measuring glomerular filtration has stimulated the 
1 development of a great number of methods for the estimation of this sub- 
stance in plasma and urine. Among the reagents used, diphenylamine appeals 
to yield the greatest color density per milligram of inulin present. However, 
even employing this reagent in Harrison’s 5 modification of the method o 
Alving, Rubin, and Miller, we found that the color produced by low concentra- 
tions of inulin (4 to 20 mg. per cent) proved to be too feeble to permit exact read- 
ings in the Pulfrieh photometer. Since it is known that the color intensity ob- 
tained with diphenylamine is greatly reduced in the presence of water, we at- 
tempted to find a method for precipitating inulin from the plasma filtrates and 
for subsequently carrying out the estimation with the dried precipitate. Such 
a method would have an additional advantage in that larger aliquots could be 
analyzed than have been possible with current methods. 

In preliminary experiments it was found that inulin can be quantitatively 
precipitated from solution by treatment with calcium hydroxide. No sugar can 
be detected in the supernatant fluid, nor is any sugar eluated by subsequent wash- 
ing of the precipitate with alkaline water or with alcohol. On addition of the 
strongly acid diphenylamine reagent, calcium hydroxide is easily dissolved, 
setting free the precipitated inulin for hydrolysis and color production. 

The following method was evolved for the determination of inulin in blood 
and urine as part of the measurement of inulin clearance in man. 

METHOD 

Solutions . — 

Zine sulfate solution 10 per cent. 

Sodium hydroxide solution N/2. 

Calcium chloride solution 2N. 

Sodium hydroxide solution 2N. 

Saturated solution of calcium hydroxide in water. 

Saturated solution of calcium hydroxide in alcohol. 

Diphenylamine reagent. 3 Cm. diphenylamine dissolved in 100 ml. glacial 
acetic acid. Add 60 ml. concentrated hydrochloric acid. Store in amber bottle in 
a cold place. 

Inulin stock solution. 100 mg. inulin in 100 ml. water containing 1 drop of 
X/10 s odium hydroxide. This solution keeps for two weeks in a cold place. 

, . From tin* Chemical and Physiological Laboratory. Rothschild Hadassali University Hos- 
1,11 :ln d the Laboratory for Pathological Physiology. The Hebrew University. 

Keeehcd for publication. May 29. 1947. 

, ‘Harrison. H. L. : A Modification of the Diphenylamine Method for Determination of Inulin 
1 roc. Soc. Rxpcr. Biol. & Med. 49: 111. 1912. ’ 
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’Working standard. Freshly prepared from the .stock solution by dilating 
2 (o 100 ml. with water. 

Procedure . — Measure 0.2 to 0.5 ml. o£ plasma or serum containing 10 to 
100 ftg oi imilin into a centrifuge tube. Make up to 9 ml. with water, add 0.5 mi. 
zinc sulfate solution, and mix. Add 0.5 in), of S/2 sodium hydroxide solution, 
mix, centrifuge, and filter. Measure 5 ml. of the clear filtrate into a centrifuge 
tube and add 0.5 ml. calcium chloride solution and 0.5 ml. 2N sodium hydroxide 
solution. Heat in a boiling water bath for five minutes. Centrifuge sharply 
for five minutes. Decant the supernatant fluid. Wash the precipitate with 5 ml. 
of the aqueous solution of calcium hydroxide, using a small glass rod for each 
tube in order to break up the larger dumps. Put the rods aside for further use 
with their respective tubes. Centrifuge the suspension sharply, decant, and wash 
with alcohol-calcium hydroxide as described. After decantation drive off the 
remaining alcohol by immersing the tubes in a boiling water bath for five 
minutes. Return the rods to their tubes. Add 5 ml. of diphenylaminc reagent, 
stir well, and heat in a boiling water bath for exactly thirty minutes. Cool in 
cold water. Read in a photometer with a filter transmitting at 610 millimicrons. 

Each run includes one plasma blank from the patient’s blood before the 
injection, and two standards, prepared by adding 0.5 ml. of the blank plasma to 
2 ml. and 4 ml. of the standard imilin solution, making up to 9 ml., and Pro- 
ceeding as described. 

Urine is diluted 500- to 1,000-fold. To 5 ml. of the diluted urine add 0.5 ml. 
of calcium chloride solution, and proceed as with the blood filtrates. A blank 
value is determined from the patient's urine before the test. 

Calculation . — The extinction values obtained with the two standards in- 
cluded in the series give the factors needed for calculation of both plasma con- 
centration and urinary excretion. 

mscusstox OF METHOD ' 

Color Intensity . — With this method, 10 fig of imilin in fhe final solution 
gave an extinction of 0.2 with a 10 mm. cell. This value was practically con- 
stant, We do not, however, propose to dispense with the inclusion of standards 
in each run, since changes might occur in heating conditions or in various reagent 
batches which would otherwise remain undetected. 

Our method achieves color intensities five times as strong as those obtained 
with Harrison’s method (Table I). This is accounted for by our use of 5 mb of 


Table I. Comparison or Methods 


! 

EXTINCTION' IN 1 CM. CELL MINI'S BLANK 

IXUUX IX PLASMA 

ACCORDING TO 

! .1C CORDING TO 

(MO. %) 

HARRISON ’S -METHOD 

OVB METHOD 

4 

0.04 

0.20 


S 0.08 o.-to 

20 0.18 1.04 
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Table II, Recovery' of Inulin Added to Plasma 


PLASMA 

(ML.) 

INULIN ADDED 1 

(MG. %) 

INULIN RECOVERED 

1 (mg. %) 

0.5 

4.0 

4.4 

- 

8.0 

8.2 

- 

16.0 

16.0 

- 

4.0 

4.0 

- 

8.0 

7.6 

- 

16.0 

16.6 

- 

5.0 

5.2 

- 

10.0 

10.4 

- 

20.0 

19.4 

0.2 

4.0 

3.5 

- 

8.0 

7.8 


16.0 

16.5 


4.0 

4.0 

- 

8.0 

8.0 


16.0 

16.0 

- 

25.0 

24.0 


blood filtrate instead of 2 ml. and by the exclusion of water, giving an additional 
reduplication of color. 

Precipitation of Inulin. — -The amount of precipitant used was found to allow 
for quantities of inulin in plasma filtrates up to 100 micrograms. Attempts to 
dispense with the boiling for precipitation have yielded erratic results. Heat 
seems to be necessary to insure a stable relation between inulin and calcium 
hydroxide which will withstand subsequent washing. 

Blanks. — -The diphenylamine reagent develops a color with ageing and 
should be frequently prepared in small quantities. We found the urine blank 
values to be no higher than those of the reagent blank with water. A water 
dank may, therefore, be substituted for the urine blank proposed if no sugar 
or other abnormal constituents are present which produce color with the reagent. 

> erum blank values were equivalent to about 4 to 5 mg. per cent inulin. The 
same extinction was obtained by treating a solution of 100 mg. per cent glucose 
m water as described for plasma. It is thus mainly glucose which is responsible 
or the serum blank value. The proportion of 1:25 in color produced by 
glucose and inulin, respectively, would require a fluctuation in blood sugar of 
-o mg. per cent in order to change the apparent innlin content by 1 mg. per cent. 

> e cons ‘der ourselves, therefore, justified in dispensing with yeast treatment, 
oxiept under very special experimental conditions. 

Recovery Experiments. — Recovery experiments are presented in Table II. 
n ., Al l phcaHon °f tllG Method for Inulin Clearance Tests.— With the described 

15 on inUUn determiuation ’ we found k entirely sufficient to inject only 
'J n ,' ~ ^intravenously instead of the usual 10 grams. This dose gives an 

° f 12 t0 15 mg - per cent with sufficient time for several clear- 
slmni I ° i Jel0l ‘ e the concentration has fallen too low for determination This 

l,e en retain studies more attraetive to clinicians, who have 

The hi-ffio! , undertake them because of the danger of pyrexial reactions. 

laboratory mhlZ f lt,du , ctl ? n makes clearance studies feasible even in small 
3 ,,,n,als b * v «sdiicrag the quantity of plasma required for analv; 
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SUMMAItY 

A method lias been developed for the estimation of imilin in blood plasma 
and in urine. Inulin is precipitated with calcium hydroxide and the color 
elicited with the dry precipitate with diphenylamiue. This increases greatly 
the color intensity obtained. 

The method permits the reduction of the inulin dose injected for clearance 
tests in human beings and makes clearance tests feasible in small laboratory 
animals. 

Tiio authors ;uo greatly indebted to Prof. K. Wertheimer for his encouragement and 
constant interest. 



CHROMATOGRAPHIC SEPARATION OP CHOLESTEROL AND 
CHOLESTEROL ESTERS IN BLOOD 

Walter C. Hess, Ph.D. 

Washington, D. C. 

T HE methods commonly used for the determination of free cholesterol in 
blood depend upon its precipitation with digitonin followed by the develop- 
ment of color directly upon the digitonide, usually with the Liebermann- 
Burchard procedure. 1 " 3 The estimation of cholesterol esters, which are not 
precipitated by digitonin, should lie done after saponification because, as has been 
repeatedly shown, the* esters give more color in the Liebermann-Burchard method 
than does free cholesterol. 4 " 8 In the estimation of both free and ester cholesterol 
these two methods are combined. 2 ' 3 For complete precipitation of the cholesterol 
digitonide twenty-four hours are required, although Schoenheimer and Sperry 3 
•state that satisfactory results can be obtained with only one-hour standing. A 
method which would eliminate the costly and time-consuming digitonin precipita- 
tion is to be desired. 

Trappe 0 used aluminum oxide to adsorb various lipids from petroleum ether 
solution and separated cholesterol stearate from free cholesterol by first eluting 
with triehlorethane to remove the ester and then with absolute ethyl alcohol 
to remove the cholesterol. He used large amounts of material, 71.2 mg. of 
cholesterol stearate and 72.2 mg. of cholesterol, and recovered 99.3 per cent of the 
stearate despite the fact that there was some saponification of the ester. A 
satisfactory method for blood analysis would require the separation and 
determination of much smaller quantities of cholesterol ester and free cholesterol. 
Subsequently Trappe 10 ’ 11 described a method for the determination of both free 
and ester cholesterol in whole blood based, in part, upon these experiments. 
His procedure involved the use of both silica gel and aluminum oxide; however, 
no values for either plasma or serum were given. 

Chromatographic procedures have been used in our laboratory for the 
separation of estrone from blood 12 and it seemed possible to devise a similar 
method for the determination of both free and ester cholesterol. This paper 
describes such a method based upon adsorption on aluminum oxide and upon 
selective elution followed by estimation by the Liebermann-Burchard method. 


METHOD 


1 rinciiilc of the Method . — Either plasma or serum is treated with a 1:1 aceteone-ethvl 
a Mihol solution and filtered. An aKquot of the filtrate is evaporated to dryness dissolved in 
petroleum ether, and placed upon an aluminum oxide column. The ester fraction is eluted 
'Y 1 a 10 P er ce"t solution of ethyl ether in petroleum ether, and the free cholesterol is then 
^ utul with a 10 per cent solution of ethyl alcohol in petroleum ether. The cholesterol esters 
ar ? t icn saponified and the free cholesterol in both fractions is determined colorimetricallv 
u -vng cholesterol as the standard. 


Prom the Department o £ Physiological Chemistry. Georgetown Medical School 
•received for publication. June 5. 1047. 
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Procedure . — To approximately -0 ml. of a 1:1 acetone-ethyl alcohol .solution in a 23 ml. 
volumetric Husk wild 1.0 ml. of plasma or serum. The suspension is brought to boiling on 
tho water bath, cooled, and made to volume with the acetone-alcohol solution and filtered.” 
A 10 ml. aliquot of tho filtrate is evaporated to dryness on the wafer bath and dissolved in 5.0 
ml. of petroleum ether. The solution is placed upon tho chromatographic column, containing 
2.3 Grn. of aluminum oxido according to Brockman (Merck), and washed with 5.0 ml. of 
petroleum ether.m Tho ester fraction is eluted by the addition of 50 ml. of 10 per cent 
ethyl ether, in petroleum ether. The eluate is collected and evaporated to dryness on a water 
bath. The free cholesterol is eluted with 25 ml. of 10 per cent ethyl alcohol in petroleum ether. 
This eluate is likewise evaporated to dryness. 

The cholesterol ester ftaction is dissolved in 10 ml. of 95 per cent ethyl alcohol and 
saponified by beating in an oven at SO to 90° C. for ten minutes with 0.10 ml. of a potassium 
hydroxide solution (10 Gin. potassium hydroxide in 20 ml. water). This solution is neutralized 
with 10 per cent acetic acid in ethyl alcohol, using phenolphthalein as the indicator, one drop 
more than tho required amount of acid is added. Tho solution is then evaporated to drying 
on the water bath. 

Both the free cholesterol and the saponified fraction are extracted with anhydrous 
chloroform and filtered into 10 ml. volumetric Husks. The filtrates are made to volume with 
chloroform. Tho reagent for color development is prepared by adding 1.0 ml. of concentrated 
sulfuric acid to 10 ml. of acetic anhydride. The acetic anhydride is chilled in an ice hath 
during the addition of the sulfuric acid and is kept ihere until used. The reagent is prepared 
fresh for each determination. To 5.0 ml. aliquots of the chloroform solutions is added 1.0 nil. 
of tho reagent, and the color developed is read after standing for ten minutes. A Klett- 
Summerson colorimeter was used with either filter 54 or 42; the latter was found to be more 
sensitive,:-*. m The color is stable for at least ten minutes. 

ItKSUI.TS 

A standard solution containing 1.0 mg. of cholesterol in 5.0 ml. of 
petroleum ether was used to obtain a calibration curve. Aliquots ot' the standard 
solution were pipetted into colorimeter tubes, evaporated to dryness, and 5.0 ml. 
of chloroform added to each tube. Color development was carried out as 
described. The color obtained obeyed Beer’s law in ‘the concentration range of 
0.02 to 0.50 mg. of cholesterol; above this concentration the color was too dense 
for accurate reading. 

At the same time that the chromatographic separation was performed, 
another 10 ml. aliquot of the original plasma or serum filtrate was saponified 
and the total cholesterol determined by the method of Sperry and Brand. 8 

Accuracy of Separation of Cholesterol From Its Ester . — Cholesterol stearate 
was prepared by the method of Page and Rudy. 10 A petroleum ether solution 
of the ester and cholesterol was prepared containing 1.0 mg. of cholesterol 
stear'ale (equivalent to 0.60 mg. cholesterol) and 0.2 mg. of cholesterol in 5.0 
milliliter's. This ratio represents approximately that found in normal human 
scram. Twelve separate determinations were made upon aliquots of the solution 
using the procedure described. The recovery of free cholesterol was 0.21 ± 0.01 
mg., and of ester cholesterol, 0,57 ± 0.025 milligram. This represents an ac- 
curacy of approximately 5 per cent. It might be noted, however, that the ester 
recovery generally tended to be about 5 per cent low and the free cholesterol 
recovery was high by about the same amount. In a series of experiments with 
free cholesterol alone, a similar plus or minus variation was observed whether 
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the cholesterol was chromatographed or run directly. This error is probably 
inherent in the colorimetric method. 

Recovery of Cholesterol Added to Blood Serum.— Since it was possible to 
separate cholesterol from cholesterol stearate in pure solution, the separation 
was next attempted in blood serum. The same serum was analyzed before and 
after the addition of the ester and eholestei'ol to the alcohol-acetone solution 
of the serum extract before filtering. In a 25 ml. flask were placed 15 ml. of the 
acetone-alcohol solution and 1.0 ml. of petroleum ether containing 0.4 mg. of 
cholesterol and 1.7 mg. of cholesterol stearate (equivalent to 1.0 mg. of 
cholesterol), and then 1.0 ml. of serum was added. The procedure as detailed 
previously was employed. The results of these experiments are given in Table 
I. Cholesterol can be separated from cholesterol ester in blood serum with the 
same degree of precision as in pure solution. 


Table I. Recovery of Cholesterol and Cholesterol Stearate Added to Blood Serum 


SAMPLE 

SERUM > 

RECOVERY 

FOUND 

FOUND AFTER ADDITION OF ] 
0.40 MG. CHOLESTEROL 
AND 1.00 MG. CHOLESTEROL 
AS STEARATE 

■ 

ESTER 

(MG.) 


CHOL. ESTER 

(MG.) (MG.) 

CHOL. ESTER 

(MG.) (MG.) 


1 


1.05 

1.30 

2.07 

0.43 

1.02 

0 

0.87 

1.05 

1.25 

2.10 

0.38 


3 



1.25 

2.06 

0.40 

1.06 

4 


1.00 

3.28 

1.91 

0.43 

0 . 9 1 

Average 





0.41 



In order to determine the reproducibility of the results, six separate 
determinations were made upon the same sample of blood serum. These results 
are given in Table II. The per cent of free eholestei’ol found varied from 
33.3 to 36.6, with a standard deviation of 0.13 from the mean of 35.1 per cent, 
lhere is a deviation of 5 per cent from the mean for the highest and lowest 
values. The first column gives the data obtained upon the aliquot not chromato- 
graphed but analyzed after saponification by the method of Sperry and Brand. 8 
In general the agreement between this method and the chromatographic method is 
good. 


Estimation of Cholesterol md Cholesterol Esters in Blood Sermi and Plas- 
ma, — In Table III are presented the data obtained upon ten samples of normal 
serum, and in Table IY, upon twenty-five samples of blood plasma. The average 
total amount of cholesterol present as determined by the Sperry-Brand 8 proce- 
dure is practically identical with the average total amount obtained by the chro- 
matographie procedure, showing, at least, that there is no loss in the method. 
iere is no significant difference in the ratio of free cholesterol to total eholes- 
erol obtained in the plasma from that in the serum. The ratio is rather constant 
Aim is independent of the total amount of cholesterol present. As found by 
• <* loenheimer and Sperry, 3 using digitonin as the precipitant, it is 31.3 ex- 
1'iessed as per cent, based upon the data from seventeen subjects. In a subse- 
quent paper Sperry 13 reported a value of 26.9 ± 1.4 per cent based upon data 
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Table II. Reproducibility or Estimations or j-'kki: ash E.-viei: Cholesterol 
in tiib Same BloOd Serum 


TOTAL* 
(MO. %) 


TOTAL 
(MG- %) 

FREE 
(MO. c/c) 

ESTER 
(MO. Vo) 

H;EE x 100 

TOTAL 

( 56 ) 

158 


152 

52 

100 

31.2 

158 


159 

57 


35.8 

151 


171 

57 

lit 

33.3 

152 


172 

03 


30.0 

157 


103 

57 

10S 

34.5 

152 


101 

59 

103 

35.9 

Aioragc 151.(1 


103.S 

57.5 

100.3 

33.1 t 0.13 

•Method of Sperry and Brand. 4 

Table III. Cholesterol and Cholesterol Esters 

in Normal Blood 

Serum 

total* 


TOTAL 

m:kk 

KS TER 

i,,iEK x ion 

TOTAL 

(MG. %) 


(MG. %) 

(MO. Vo) 

(MO. Vo) 

V/o) 

13S 


132 

39 

93 

29.5 

150 


137 

37 

100 

27.1 

158 


152 

32 

100 

34.2 

Ml 


135 

•17 

108 

30.2 

155 


150 

00 

90 

42.3 

ISO 


19S 

S3 

115 

41.9 

ISO 


203 

70 

133 

34.2 

225 


220 

79 

150 

31.5 

229 


230 

75 

155 

32.0 

2-10 


2-19 

87 

102 

31.9 

Average 1S1.1 ± 

87.0 

1S-1.1 ± 

43.0 03 ± 1S.0 

120.0 + 27.0 

34.1 ± 4.9 


•Method of Sperry and Brand. 3 


Table IV. Cholesterol a no Cholesterol Esters in Normal Blood Plasma 


TOTAL* 

(MO. Vo) 

TOTAL 
(MG. %) 

FREE 
(MO. %) 

ESTER 
(MG. %) 

TOTAL 

( c /c) 

114 

112 

40 

72 

35 . 7 

120 

123 

50 

75 

40.0 

130 

129 

55 

74 

42.0 

138 

132 

39 

93 

29.5 

150 

137 

37 

100 

27.0 

130 

141 

55 

SO 

39.0 

145 

143 

55 

8S 

38.1 

173 

143 

42 

1 01 

29.4 

150 

140 

60 

86 

41.0 

136 

150 

55 

95 

30.0 

162 

155 

62 

93 

40.0 

144 

155 

47 

108 

30.0 

, 165 

170 

65 

105 

3S.2 

169 

171 

58 

113 

33.9 

172 

174 

57 

117 

32.S 

200 

175 

64 

111 

36.5 

194 

170 

60 

130 

33.0 

175 

177 

53 

124 

29.9 

190 

184 

63 

121 

34.2 

176 

184 

07 

117 

30.4 

190 

1S5 

73 

112 

39.4 

176 

1S6 

50 

131 

28.4 

225 

229 

88 

141 

38.4 

236 

257 

112 

145 

43.5 

336 

349 

147 

202 

42.1 

Average 172.6 ± 45.5 

172.6 ± 49.1 

63.6 ± 24.3 

109.0 ± 28.0 

35.8 ± 4.7 


•Method of Sperry and Brand.* 
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from sixty-two subjects, and he stated that with few exceptions values over 31 
per cent were found only in the presence of infection or liver disease. 

Using substantially the same method, Sobel and Mayer 18 found the per- 
centage of free cholesterol to total cholesterol to vary from 22.6 to 29.2. On the 
other hand, Page and co-workers 19 found no such constancy of ratio, but their 
average value, based on data fiom sixty-six subjects, w r as 34.9 per cent free. 
Other workers 20 used digitonin to precipitate the free cholesterol, and the 
(ligitonide was estimated gasometrieally. Polch and co-w r orkers 21 have stated 
that the gasometric values for free cholesterol are 20 per cent too high Gardner 
and Gainsboiough 22 likewise used digitonin to pieeipitate free cholesterol which 
was then estimated colorimetrieally and reported 35.3 per cent fiee cholesterol 
in twenty-one women and 33. S per cent in twenty-two men. Recently Poldes 
and Murphy, 23 using digitonin precipitation, found an average of 33 per cent 
free cholesterol in the blood plasma of forty normal subjects. Although there 
appears to be some difference in the percentage of free cholesterol obtained by 
diSerent laboratories using various methods, it is apparent that there is little 
disagreement over the fact that the percentage of free cholesterol is quite con- 
stant The chromatographic method gives values for the percentage of free 
cholesteiol within the range of those reported by others. 


SUMMARY 

Cholesterol and cholesterol esters adsorbed upon aluminum oxide from 
peti oleum ether solution can be separated by selective elution The ester fraction 
is eluted with 10 per cent ethyl ether dissolved in petroleum ether, and 
the fiee cholesterol with a 10 per cent solution of ethyl alcohol in petroleum' 
ether. 

The ester fraction is saponified and the free cholesterol in both fractions 
is deteimmed by the Liebermann-Burchard colorimetric method. The method is 
rapid, approximately thiee hours axe required for a complete determination, and 
the lesults are reproducible with an accuracy within 5 per cent. 

The procedure has been applied to normal blood serum and plasma The 
per cent of fiee cholesterol found in ten noimal seia a\eraged 34 1 s 4 9 per cent, 
and in twenty-five noimal plasmas it aveiaged 35 8 ± 47 per cent of the total 
cholesterol. 
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RATES OP SODIUM TURNOVER IN NORMAL SUBJECTS AND IN 
PATIENTS WITH CONGESTIVE HEART FAILURE 

George Burch, M.D.,* Paul Reaser, M.D.,* and 
James Crqnvich, B.E., M.S., S.M.t 
New Orleans, La. 

T HERE is a need for a study of the rate with which sodium escapes from 
the blood into the tissue spaces and urine of man, especially because of the 
present interest in the role of sodium in congestive heart failure and other 
types of edema. Although studies of sodium metabolism have been conducted 
in man by means of radiosodium, 1 ' 4 these have not included a detailed tracing 
of the variations in sodium concentration in the blood, urine, and sweat. The 
rates of diffusion of sodium through the vascular wall have been determined 
for other animals 5 ' 6 but not for man. Furthermore, tracer studies in conges- 
tive heart failure with the use of radiosodium have not been conducted pre- 
viously. These, studies are concerned with such problems, 

METHODS 


The subjects were all patients at the Charity Hospital. For purposes of dis- 
cussion, the subjects were divided into three groups: normal subjects, those with 
congestive heart failure, and miscellaneous subjects. Certain detailed infor- 
mation concerning them is given in Table I. The ten normal subjects were 
patients who had entered the hospital for observation but were clinically well 
when studied. The patients with congestive heart failure suffered with chronic 
congestive heart failure of Functional Class IV and were bedridden. All were 
under treatment and were improving. 

Because of the 14.8-hour half life of the radioactive tracer, Na 21 , and the 
uncertainty of delivery from the cyclotron laboratories it was not possible 
to keep patients without treatment in preparation for the experiments. The 
influence of various therapeutic measures and other details concerning con- 
gestive heart failure were evaluated in studies conducted with the use of the 
long-life sodium, Na 22 . 7 ’ 3 The results of those studies will appear from time 
to time elsewhere in a series of papers, one report 7 having been published. 

All subjects were at least three hours postprandial. They were taken to 
the laboratory where ureteral catheters were placedf into the pelves of each 
kidney of the normal subjects. The first subjects studied received no drugs 
111 Pre paration for the cystoscopy while the later ones received morphine 
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sun 

ECTi 


SEX 


I1UKCa ’ KD-VSIiH, AND CKO.NVICfi 

s „ rai ST „, U „ 


AGE | Wr. j 


DIAGNOSIS 


1 

j 

6 

7 

S 


F 

F 

F 

F 

F 

F 

F 

F 

F 


) F 
Jean 


37 

32 

21 

17 

24 

IS 

2.1 

32 

19 

34 


132 

119 

94 

10S 

11S 

110 

110 

100 

92 

130 


ithcuinatoid 

arthritic 

I'liciiinatoiii 

arthritis 

Pneumonitis 


teeat mext 

-V or in n I Subn ets 
123 


I'Ta-t j.v nn si: 
(UUi./L.) 




Xa=t .si 

tike oii.s 

(C.C. 


Vone 
Vone 
Vitamins 


GO MIX. I 9' 


Syphilis Vone 

"™"” u £, “»■»-« 

£® rnw { -Vone 

Xcrmal x ona 

,)r ou- .Vone 

clntis 

Anxiety neurosis Vone 


170 

212 

110 

119 

100 

111 

ss 

1S3 
20 1) 
191 
210 
209 
203 
103 


laximum 

lininiuin 

F OtT 


H Go 139 


F 36 129 


F 40 125 


F 53 22 2 


H 32 137 


F SO 1S1 


61 14S 


12S 

1S2 

219 

120 

123 

103 

119 

91 

192 

210 

201 

223 

210 

272 

171 


,, , 91 

»!»*«? fete"* * 


119 


J21S0 


179 (It.) 

1059S 


203 (rt.) 
112 (rt.) 

S5S7 


113 (It.) 
SI 

116S9 

1 

139 

1 1 7S0 


S3 (It.) 

11534 

I 

1S7 

9132 


202 (rt.) 

6124 


1S7 (It.) 
20S (rt.) 

10301 

1J 

202 (It.) 
231 

S961 


157 

106S9 

li 

154 (It.) 
1S1 (rt.) 
251 

1G39S 

12; 

SI 

6124 

l 


A’lf.Cl, salt-tree 130 
<liet, digitalis 


Salt-free diet, 11:0 
*H,C1, digitalis 


congestive heart 
failure, syphilis, 
auricular fibril- 
lation 

Hypertensive 
cardiovascular 

disease, con- 
gestive heart 
failure 
Hypertensive 
cardiovascular 
disease, con- 
gestive heart 
failure 

Hypertensive 
cardiovascular 

disease, con- 
gestive heart 
failure 
Hj-portensive 
cardiovascular 
disease, con- 
gestive heart 
failure 
Hypertensive 
cardiovascular 
disease, con- 
gestive heart 
failure 

Arteriosclerotic Salt-free diet itfi 

heart disease, JfH.Cl, digitalis 
congestive heart nns 

failure 

Arteriosclerotic 

heart disease, ' i0 

congestive heart 

failure 


04 


31 


12747 105 


13.7 


16.7 


H\S 12461 133; 


Digitalis, salt- 
free diet 


Digitalis, salt- 
free diet, Hg 
(occasionally) 

Salt-free diet 
Hlf.Cl, digitalis 


52 


119 


lo.G 


50 


17197 


211S 


123 


115 


10313 1022 


17GG8 1776 


141 


41 


132 


3S 


10103 


2S024 


12S95 


925! 


1646 : 
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SUB* 

JECTl 


SEX 


AGE 


wr. 


DIAGNOSIS 


TREATMENT 


Na23 IN URINE 
(MEQ./L.) 


MEAN j MAX. j MIN. 


Nfl23 SPACE 
TIME OBSERVE! 

(C.c.) 


60 MIN. I 90 MI! 


10 F 67 140 


11 M 62 166 


Mean 

Maximum 

Minimum 


Arteriosclerotic 
heart disease, 
congestive heart 
failure 
Hypertensive 
cardiovascular 
disease, conges- 
tive heart fail- 
ure 


Salt-free diet, 
digitalis, salyr- 
gan, NH,C1 


253 


261 


239 


14674 


1673 


NH,C1, digitalis, 
salt-free diet 


100 


103 


98 


9029 


997 


87.9 

13.2 

25.3 


90.7 
26.1 

13.7 


83.5 

23.9 

12.8 


14577 

28624 

9029 


1463 

2118 

92£ 


1 F 

41 

151 

2 F 

27 

110 

3 F 

37 

134 

4 F 

42 

141 

5 F 

50 

109 

6 F 

36 

173 

7 M 

15 

110 

Mean 

Maximum 


_ Minimum 



Subjects With Miscellaneous Disease States 


Hypertensive 
cardiovascular 
disease, conges 
tive heart fail- 
ure, ovarian 
malignancy 
Chronic active 
hemorrhagic 
nephritis 
Sarcoidosis 
Hypertensive 
cardiovascular 
disease, pylo- 
nephritis vs. 
chronic active 
hemorrhagic 
nephritis 
Plilebotlirom- 
bosis of deep 
leg veins 
Cold allergy, 
anxiety neurosis 


NH,C1, digitoxin 
salt-free diet 


31 


32 


30 


25157 


2347 


Low-salt diet 


14535 


1566 


Symptomatic 
No diuretic or 
edema therapy 


52 

90 


53 

93 


50 

87 


10899 

20833 


107C 

2061 


No special 
therapy 


kidney 


pericarditis 


diet, paracente- 
sis 


25 

26 

24 

10315 

1156 

132 

137 

128 (rt.) 

10096 

HE 

26.5 

27.4 

25.6 



44.9 

46.3 

43.3 

15306 

155E 

90 

93 

S7 

25157 

234' 

25 

26 

24 

10096 

107( 


Mood 
the ti 

"ere those imule 


C the sodium (Na a ) m the urine was determined on the basis of a nor; 
The "sodium space" was calculated on the basis of a state of equilibrium 
«. normal subjects were clinically well when studied: the diagnoses indica 

at the time of admission to the Chanty Hospital for study. 


•sulfate, 15 mg., and atropine sulfate, 0.3 mg. subcutaneously thirty minutes 
before tlie cystoscopy. The results showed evidence of influence by the drugs 
used in preparation of the subjects for cystoscopy. The patients with con- 
gestive heart failure and two normal subjects had a small catheter passed 
only into the bladder. Tlie patients with congestive heart failure were too 
Ill .t° P ei ’ mit a cystoscopy to place catheters into the renal pelves. Bladder 
mine was about as informative as the pelvic urine. 

After catheterization, a sample of urine was collected from each catheter 
ai "l a sample of blood was collected simultaneously from the antecubital vein 
01 onc arm through a heparinized needle. The radioactive tracer, Xa 2 * 


to 2 


(0.5 


c.o. ot a neutral and hypotonic aqueous solution of XaCl). with an activity 
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Joctod tluielUy^'trrhrr.uTJuWtalv'^'o^^h^ ° J °' 04 0 w» in- 

meter samples of blood were collected f ° ° Pp0i>lte arm * Two cubic eenti- 
«vo,v live ten seconds “‘ta !" “fT “ T * <“■*. 

a greater interval between collections mi • obstructed and necessitated 
for the first three minutes after th • !” S rate oi co,,ecti °n was followed 
tween collections was leased to VT*.' 0 " ° f the The interval be- 

increased again to every sixty or loo' 1 * seco ” ds for thc next five minutes, 
finally, to every three five m- Z ■ f ° r the next te » minutes, and 

which lasted from sixty to ’one h» , for thc remainder of the studv, 

were collected from each eathete ! C,ffhty n,inute «- The urine sampfes 
utes the interval between cote ion 0 ^' • V,<,h - F ° r the thl>ee 
of urine flow, that is, long enoimh ^ ^ un,le samp Jes varied with the rate 
This usually required five 'to fiffiT ° ai drops °f urine to be collected, 

lections were made at thirty-second ^ the ” eXt five ,nimites eo1 ' 

Attempts were made to collect th n 1 ' tl **» etc -> ns for the blood samples, 
■n order to permit ££££*«?* f ** — JL 

was measured to determine the sodium voIume ot . thc un »e samples 

collection. The urine samnlec , ir .ii J* a ^ clearances from collection to 
studied separately. 1 GCted from the P d vis of each kidney were 

°/ Sr* '“■« «» collected simnltanc 
an 18-gauge needle. The rates of " u 6 . 10ugk t,ie shin near the ankle with 
and urine. Simultaneous collection* ^ approxi mated those for the blood 
fluid in subjects with congestive heart S f UC , CCSS1Ve sam P Ies of ascitic and pleural 
in concentration of Na« 1 f lure were ,nade to study the change 

4S ° C-; relative hunddTt pwZtnU *** r °° M ^ tem P erature > 

become profuse the procedure described 1 lom drafts * After sweating had 

urine was collected at less frequent intervak^-iV'?? f ,° 1I(nved exce Pt that the 
were collected at the rapid rates stnt i * "• lde the blood and sweat samples 

by allowing the beads of sweat tn ° 11 pievi °usly. The sweat was collected 
mouthed vial which was promntlv 1° 1 ^° the opeilin " of a tall narrow- 
sample of sweat consisted of about oT' 1 “ bake,ite screw cap. Each 
were continued for about thirty *. * • ccntuneter - These collections 

began to experience marked discomfm t *** 1S ,’ untd the subject and observers 
The concentration of . ** hot humid environment, 

cubic centimeter per minute Geiger ° S WHS expresSed as counts per 

radioactivities of the injections "T ' ,Se< ' '» 

background counts and decay Tfm . P1 ’ . Con 'cctions were made for 
error of less than 3 pet- cent. All dosa-es" ofN^.”® metho ? h “ d 
.non value of 20,000.000 counts pec pec 100 pouXoflS.'” *» 


Normal Subjects.- 
Figs. 1 to 6. 


Results 

-The results for the normal subjects are summarized in 


‘Technical Associates, Glendale, Calif. 



RATES OV .SODIUM TURNOVER 


1173 


Blood: It can be seen from Fig. 1 that the concentration of the Na 24 rose 
rapidly in the blood scrum, fluctuating in concentration for the first five to 
fifteen minutes and then becoming relatively constant for the remainder of 
the period of observation. The concentration of Na 24 did not rise to levels 
as high as would be expected if all the Na 24 remained in the blood stream. 
There was a tendency for the concentration of Na 24 in the serum of most of 
the subjects to rise for the first ten to twenty minutes to levels higher than 
those reached during the final periods of the study and to show marked vari- 
ations from subject to subject. There was a gradual decline in the serum 
concentration of Na 24 in all subjects throughout the entire period of study 
even after a fairly stable state had been reached. The Na 24 did not appear 
in the anteeubital vein of the sampling arm until nineteen to twenty-three 
seconds after the radiosodium had been injected into the anteeubital vein of 
the other arm, that is, by a time equal to the circulation time. 


SDf" 




AM 


am 


lood 


Nd 24 BLOOD CONCENTRATION 
TEN NORMAL SUBJECTS 
- (counts PER MINUTE' PER'ecy 



MINUTES 


10 15 33 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 


. & iff. 1. — Variations in serum concentration of Na :) in ten normal subjects. There are 
innumerable individual variations, especially during the first two to three minutes when the 
mixing of the injected radiosodium is occurring. 


Because of the marked variations in concentration of Na 24 in the serum 
of the subjects and because of the small number of subjects studied, it Avas 
impossible to obtain a composite tracing vtdiich properly depicted the rate of 
diffusion of sodium from the vascular bed (Fig. 1). Therefore, the data on 
a subject (Subject 6) were selected for analysis in the manner described by 
Ciellhorn and co-workers; 5 all diffusion curves Avere dratvn by inspection. 
Ihese authors showed that the vascular bed of dogs could be considered to be 
composed of tAvo separate areas through Avhich the sodium ion diffuses at 
< iffei'cnt rates. Area A, consists of an area through Avhich the sodium diffuses 
at a very rapid rate, Avhile A« represents another area through Avhich the rate 
of diffusion is relatively sIoav. The same types of areas Avere observed in these 
studies in the normal and diseased man. Fig. 2 can he seen to represent a 
ypical double exponential curve for the blood concentration. There Avas a 
xipHl rate of escape of Na 24 from the vascular bed and a slow one. The general 
C-Tpiession obtained by Gellhorn and eo-Avorkers 5 for dogs, and found to apply 
o man in many of the subjects of this study, is 


where 


Cp Cpci 1 + 2 

Op is plasma concentration of Xa 24 at time, t, 


( 1 ) 

is plasma concentra- 


K0C 
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tion at equilibrium, I)! and !>» are rates of diffusion from the vascular bed, and 
a s and a 2 are coelifieients which depend upon the rates of movement and dis- 
tribution of Ku~ J through areas A t and A < in the vascular bed. Since the 
diffusion of Na-‘ is determined by the diffusion of Na 23 , the exponents b t and 
b 2 are expressions of the rates of diffusion of the total plasma sodium (Xa M ) 
out of the vascular bed. Therefore, it is possible to consider the sodium of 
the plasma as being divided into three parts: one represented by a tr which 
diffuses outward rapidly through area A, ; a second represented by as, which 
diffuses outward at a relatively slow rate through area A»; and a third repre- 
sented by c L .,„ which remains in the plasma. 



Fig. 2. — Variations In scrum, urine, and sweat concentrations of X'a : ‘ and llie Xa- clear- 
ance in normal Subject 0. The curve of blood concentration is a double exponential curu. 
representing sodium diffusion, the equation of which Is shown. L.K., Left kidney. 


To determine the rate of loss by diffusion of the total plasma sodium, 
the equation 

-a,l>, - n.I>. 

y— = \\ 

is employed, where c 0 is the extrapolated initial count per minute per cubic 
centimeter of the plasma. 

The expression for radioactive sodium concentration in the plasma for 
Subject 6 (normal) was 

c„ - moo = 2S73e ' 0 • 5S::, moiir ~ o oa " l - (2) 


Thus 58 per cent of the rapidly diffusing sodium left the plasma per 
minute, and 6.4 per cent of the slowly diffusing sodium left the plasma per 
minute. Considering the sizes of these sodium compartments in the plasma, 
an average of 32 per cent of the total sodium in the plasma diffused out of 
the vascular bed per minute. 

Furthermore, Merrell and associates 0 have shown that from the same data 
the rate of diffusion of sodium from the extravascular fluid* back into the 
plasma at equilibrium could be determined by the equation 

= R„ .9.1 
<] 


•The term extravascular sodium employed here probably Is concerned predominantly with 
interstitial fluid sodium because of the relatively short duration of the studies. For that rea- 
son interstitial and extravascular sodium is considered essentially synonymous in these studies. 
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where K c = rate at which the extravascular sodium returns by diffusion into 
the plasma, E p = rate of loss by diffusion of the total plasma sodium in the 
vascular bed, and ,, = total extravascular sodium. The values obtained for 
Subject 6 are shown in Table II. It is noted that about 32 per cent of the 
total sodium in the plasma diffused into the interstitial fluid per minute and 
that 13 per cent of the total sodium in the interstitial fluid returned by dif- 
fusion to the plasma per minute. 


Table II. Proportion of Sodium Diffusion in Four Human Subjects 



NORMAL 

SUBJECT 

6 

congestive 

HEART FAILURE 

SUBJECT 

3 1 

MISCELLANEOUS 

SUBJECT 

5 

Proportion of total sodium in inter- 
stitial fluid 

0.70 

0.89 

0.90 

0.65 

Proportion of total plasma sodium dif- 
fusing out of vascular bed per minute 

0.32 

0.63 

0.54 

0.35 

Proportion of total interstitial fluid 
sodium diffusing into the vascular bed 
per minute 

0.13 

0.08 

0.06 

0.18 



Urine: The concentration of radioactive sodium in the urine exceeded 
that in the blood serum in three subjects (Fig. 3). In most eases the blood 
and urine concentrations were essentially equal, although the urine concentra- 
tion was definitely lower in Subject 6. The urine concentration varied much 
more than did the blood concentration after the initial few minutes following 
the injection. 


Sodium Clearance: The sodium clearances for five normal subjects are 
shown in Figs. 4, 5, and 6. Na 24 clearances were employed in these analyses 
since they integrated volume of urine flow and blood and urine concentra- 
tions. The exact significance of these values for a substance like sodium is 
not known. They do make certain comparisons feasible. These values were 
ca eulated in a manner similar to that used for the urea clearance. 

I lie equation for the calculation is 


U* 


Na 2 ! clearance = 


( 3 ) 


11(0 
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where Na„ 24 = counts per cubic centimeter o£ urine, Na„ 2 ‘ = counts per cubic 
centimeter of blood, and U v = volume of urine flow per minute. 

Except for Subject 7 the rates of Na 21 clearance were fairly constant and 
of essentially the same magnitude. They tended to average 0.22 c.c. of blood 
cleared per minute per kidney but were high for Subject 7, reaching a level 
of about 2.4 c.c. of blood cleared of Na 24 per minute for both kidneys. Figs. 
4, 5, and 6 show the quantitative and qualitative variations in the clearances 
for both kidneys observed separately and simultaneously. 

Comment: The levels of Na 21 concentration in the blood serum should have 
reached values of about 10,000 counts per minute per cubic centimeter if all of 
the injected materials had remained in the blood. Instead, the concentrations 
actually reached averaged about 2,500 counts per minute per cubic centi- 
meter, with the maximum being 4,600. The average curve for the normal sub- 
ject shows a tendency for the concentration of Na 24 in the blood to reach the 
final concentration level rapidly and not to exceed it appreciably. This indi- 
cates the very rapid rate of diffusion of sodium from the blood. In fact, the 
diffusion is so rapid that the circulation of the blood is too slow to permit 
adequate mixing before a considerable amount of diffusion occurs. The rela- 
tively marked variations in Na 24 concentration in the blood observed during 
the first few minutes of the study are due in a large part to inadequate mixing. 
Adequate mixing does not appear to be completed in some subjects before ten 
minutes have elapsed (Fig. 1). As stated previously, the marked variations 
in the rates of mixing of the blood made it impossible to determine the average 
diffusion rates for the normal subjects as a group. From the analysis of the 
data of Subject 6 it was found that sodium diffused across the vascular bed at 
two separate rates. This diffusion outward resulted in a loss per minute of 
about 0.6 of the rapidly diffusing and of about 0.06 of the slowly diffusing 
plasma sodium. The average rate of diffusion of sodium from the vascular 
lied was 32 per cent of the total plasma sodium per minute. This is equal to 
about 4,000 Gm. of sodium per day for a man weighing 70 kilograms. These 
results are remarkably similar to those observed in dogs by Gellhorn and 
associates. 3 It is interesting to note that if the Cl ion tends to follow the Na 
ion during its diffusion, this would entail a diffusion of about 10,000 Gm. of 
NaCl out of the vascular bed of the average man per day. The amount of 
sodium returning is, of course, the same. Thus there is a diffusion of about 
fifty pounds of NaCl back and forth through the capillary wall per day in a 
man weighing 70 kilograms. 


It is generally agreed that the rapid diffusion of sodium is into the inter- 
stitial fluid. 3 The slower diffusion must take place into bone, 2 ’'' cerebrospinal 
fluid, 10 chambers of the eye, 10 and other structures of the body which allow rela- 
tively slow rates of sodium exchange. It is also important to know the rate of 
diffusion of water across the vascular bed. Morrell and co-workers 0 observed 
that 1.46 of the plasma water diffused out into the tissues of the guinea pig 
per minute. Since comparable values were obtained for the rates of diffusion 
° , • so,llum 111 " uh,ea P'K-s, dogs, and man, it is likely that the rates of diffusion 
"t water should be similar. If the same rates are applied for man as were 
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oT,t iZ £ H;:;; %% r lh? (lilta out 

diffusion rates for sodium -md u-"i ‘ vl °® ram - s ' 18 obvious from the 

only has this been oht'led fm- li °h ^ ^ ™ 

as we ll. Kinsey and associates"'- ■■ fouml this't ) t’ ^ tUs “® 

aud aqueous humor of the eve of the rib n T i !' ° V,tl 'T boiIy 

cerebrospinal fluid. 1 - * ‘‘hint, tt has also been noted for the 

from marked fluctuations' within*^ 1 ? ^ 1,100,1 ■ scrl,, “ readlei1 a ievol free 

sively decreased and did not reach ■xZn""'?™’ -n ? oncentl ‘ ations P r °S res - 
hours, even thou-di ' h ' e 01 equilibrium by the end of two 

findings, therefore, indicateTlmtThe nv® ^ n ** of f U= ‘ in tIie urinc - T1,cse 
interstitial fluid This now, ‘apidly reaches equilibrium with the 

Then for several holm s T BreatMt **«*'<>« of the Nu« injected, 

fluid, vitreous body . lnu , L ‘ s ] a oiudtial passage of the .W‘ into bone, spinal 
Therefore, studies which vTf- , ll " nor ’ and - si »iilar sodium compartments . 0 ' 11 
sodium for all structures oV tl'ieV* ?° n,pIetc * state of equilibrium with radio- 
the injection of T hc nm f bc “veral hours after 

the body cannot be measured properCumiHh^ ^ co 1 ,1, P nrtinc,,t 

equilibrium for all structures of l, i , ! ' er I,as rea ehed a state ot 

the sodium compartment with the usc'of K-,=* hi 't! IT" nny ?' 

subject to error and therefore has limited signiticmnee ** ^ " 

ieet. e0n - Sil1Cri,bly flwn »'">*■< t0 sllb - 

mg the experiments. The cause of tin- t ?, tl,C sodn,m ,,,take 1,reced ' 

m the urine is unknown, ft n„Kt i i L ay . ln t ie appearance of the .W* 
urine to flow from the <dom i Ue part - v ,0 the time required for the 

I-*— o..iy x,t zzzr ^ »•*««■. a—. >» 

fusion from the lilood into Pm > ay ni, ^ht be due in part to dif- 

Na» in the sweat and Z but . thc ^ appearance of 

eliminate such a delay as an t Y'- 011 lnto tlie interstitial fluid tends to 
in the pelves of the kidn^ eoulino^ Sated!" ^ ° f P °° Iin,f ° f urin ° 

subjects 'the^rates ofexSet^ 0 f ^ k, * d “ eys Wratel)-, for -II 

kidneys. Although there were periods whenVfT ’ V the Snme for both 
concentration showed discordant rel-ii; i • * , rates of excretion and Na- 4 

« ‘O -*• it uonecZr." "Lo? r 10 ,C ', ,a '; i0r - • >“" r 

Subject 7 (Pig. 5) exemplified (he individuii H , f °'' liKl,,<!) ’ s separately. 

Na- clearances arc reported for j"f‘ *' !" . ' 'W relat.onslnps. Since the 

essentially twice that shown for one kidney ^ “ lo1 " 1 " 

Although the concentration of N,a=‘ i., +i,„ • . , 

(Fig. 3), the rate of Na" clearance was fairlv p T ™ V1 ^. qmte “ arkcd,y 
when the- volume of urine flow was <n-eat t fo "" W(lic f cs that 

urine was proportionately low and vice versa. ” Ce11 rah ° U ° f Na " 111 the 
Subjects With Congestive Heart Faihn-n mi, , , , , . . 

jeets with congestive heart failure are summarized in pTgs 6 to lh^ “ ^ ^ 
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Blood: There was a tendency for the concentration of Na 24 in the blood 
serum to reach a higher level in the subjects with congestive heart failure than 
in the normal subjects (Fig. 7). Marked fluctuations were noted for the first 
ten to twenty minutes; then a stable level was reached. The injected Xa 




P itfonV'V h *T7^ ^utions m serum, urine, and edema fluid concentration and Xa :i clearance in 
dmliriA «r^ lUl .p“ ro , ni c congests e heart failure. The serum concentration curve is a tvpical 
cn ivi ^honentlal diffusion curve, the equation of which is shown. Note the fairly rapid in- 

x e m concentration of Xu 31 in the edema fluid to a level equal to that in the serum. 


appeared in the antecubital vein of the sampling arm a few seconds later than 
m the normal subjects. Like the normal subjects, the patients with congestive 
mart failure showed such wide variations in the serum concentrations of Xa 24 
| ' at was impossible to calculate a satisfactory average diffusion pattern for 
K ‘ Xa-‘. Some individuals, however, presented typical diffusion curves with 
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Fig 1 . 0 — Vauations in serum and unne conccntiation of Na" 1 and Na 2 * clearance in Subject 1 
with congestive heart failuie. The equation foi the sodium dhtusion cui\e is shown. 



Fig 10 — Vauations in unne concentiation of Xa*' in eight patients with congestive lieart failure 
and a low sodium diet Comj are these values with those for the normal (Fig. 3). 
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both rapid and slow rates of diffusion of sodium from the blood plasma (Fig. 
8). The equation for the diffusion curve of Fig. 8 was found to be : 

c p -1000 = I5230e'°- U13 1 + 2015e “ 0U ' J1 *' W 

This indicates that 0.915 of the plasma sodium which diffuses at the rapid rate 
escaped from the vascular bed into the interstitial spaces per minute, and 0.094 
of the plasma sodium which diffuses at the slow rate escaped from the vascular 
bed per minute. Because of the rapid rate of diffusion in Subject 3, another 
patient (Subject 1) with congestive heart failure was similarly studied (Fig. 9). 
The curve for this patient had the following equation : 

c„ - 1100 = 8450e 1 T 1510e"°- ocs t- ^ 

The diffusion rates in this subject were about the same as for the normal sub- 
ject, although still more rapid. 

Prom Table II it can be seen that 54 and 63 per cent of the total plasma 
sodium diffused out of the vascular bed per minute as average rates in Sub- 
jects 1 and 3, respectively. Simultaneously 6 and 8 per cent of the total 
interstitial fluid sodium diffused back into the plasma per minute in the re- 
spective patients. 

Urine: The urine was collected from the bladder and not directly from the 
renal pelves as in the normal subjects. The results are summarized by Figs. 8, 
9, and 10. The Na 21 did not appear in the urine until four to five minutes after 
injection except in one patient (Fig. 10). The concentration of Na" 1 rose more 
slowly and the concentration levels reached were much lower than in the normal 
subjects. Considerable fluctuations were observed during the initial twenty to 
thirty minutes of study, followed by a stable level with minor variations of 
essentially the same degree as those encountered in the normal subjects. 

Sodium Clearance: The sodium clearances of the patients with congestive 
heart failure with therapy are summarized in Figs. 6, 8, 9, and 11. The rates 
by which the blood was cleared of sodium were considerably lower than those 
observed for the normal subjects. These clearance values for both kidneys were 
about 0.03 c.c. per minute, the quantitative and qualitative variations being 
shown in Fig. 11. The clearance values approached zero in some subjects (Sub- 
jects 1, 2, and 3). 

Edema Fluid: It was possible to follow the appearance of Na 21 in the 
edema fluid of most of the patients with congestive heart failure. The results 
of the study of the edema fluid of Subject 3 are shown in Fig. S. 

Comment: The rapid and slow rates of diffusion of sodium from the vascu- 
lar bed of the patients with congestive heart failure were higher than those 
observed in the normal subject. Obviously, it is not possible to conclude that 
such a difference is characteristic of congestive heart failure. Too few sub- 
jects were studied and too many factors are concerned with the escape of the 
sodium ion into the tissues for one to conclude that a greater rate of trans- 
capillary diffusion is at work in all patients with congestive heart failure. 
I be problem of mixing of the blood and the general inefficiency of the eircula- 
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tion are important in congestive heart failure. Furthermore, it is necessary 
to bear in mind that all of the patients with congestive heart failure were 
receiving therapy. One aspect of the therapy (ammonium chloride and mer- 
curial diuretics) was intended to make the kidneys excrete more sodium, while 
another phase of the therapy (dietary restriction of sodium) resulted in a de- 
creased rate of renal excretion of sodium. The influence of these factors on 
the data obtained is unknown, but they were most probably great enough to make 
it impossible to evaluate the role of uncomplicated congestive heart failure on 
transcapillary diffusion of sodium. Gellhorn and associates 5 found the rates of 
transcapillary diffusion in dogs in shock, with and without treatment, were 
50 per cent of those of normal dogs. Of course, the disturbances in hemo- 
dynamics are quite different in shock and in chronic congestive heart failure 
without shock. 

Nevertheless, the more rapid rate of diffusion of sodium across the vascu- 
lar wall in congestive heart failure than in the normal condition can be ex- 
plained by the fact that there is a greater quantity of total amount of extra- 
cellular fluid and, therefore, of sodium in the edematous patients. Inspection 
of Table II shows that the part of the total extracellular fluid sodium of the 
patient with congestive failure diffusing back into the vascular bed per minute 
is about 50 per cent of that of the normal. The total quantity of sodium con- 
cerned, however, is greater than normal. Since the same quantity of sodium 
returns to the circulation as leaves it per unit time and since the increase in 
blood volume is not proportional to the increase in volume of the interstitial 
fluid, it is necessary that the plasma sodium diffuse more rapidly than in the 
normal subject in order to maintain a state of equilibrium. Thus the sodium 
of the interstitial fluid of the normal subject is turned over twice as rapidly 
as in the patients with congestive heart failure, whereas the sodium of the 
plasma of the latter patients is turned over twice as rapidly as that of the 
normal. 

The rise in the concentration of Na 24 in the edema fluid (Fig. 8) is an 
index of the rate of diffusion of normal sodium, Na 23 , into edema fluid from 
the vascular bed. This rate is relatively high when the quantity of the edema 
fluid is considered. The concentration of the Na 24 in the edema fluid reached 
that in the plasma, remaining near the plasma level thereafter. The duration 
of the rising periods of the Na 24 concentration in the edema fluid is further 
support of the relatively long period of time required for a state of sodium 
equilibrium to be reached when tracer studies are done. This is particularly 
true when certain abnormal states are under observation. 

Miscellaneous Subjects . — 

Blood and Urine Concentrations ancl Sodium Clearance: The results are 
summarized in Figs. 12 to 15. The nature of the variations in Na 24 concentration 
in the blood and urine and Na 24 clearances was essentially the same as for the 
normal subjects and those with congestive heart failure, differences being de- 
termined by the underlying disease state. For example, Subject 1 suffered 
with congestive failure due to essential hypertension and was under treatment 
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Fig. 13.— Variations m serum concentration, ur moderate chronic edema. The diffu 
a patient with chronic phlebothronibosis of both legs ana moue 
“ion curve for sodium and its equation are snown. 


for the heart failure. She also had a fairly extensive ovarian malignancy. 
The variations in Na" concentration in the blood and urine and in the sodium 
clearances were similar to those described for the group of patients with 
uncomplicated congestive heart failure under treatment. e pa len s 
phlebothronibosis and sarcoidosis were not found to show any special charac- 


teristic behavior. 

Subject 5 with phlebothronibosis was selected for analysis of the diffusion 
lutes of sodium because the edema was limited to the two louei extiemities 
und because the data were suitable for such an analysis. The curve (Fig. 13) 
representing variations in the serum concentration of Na -1 is similar to that 
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of the normal subject and the subjects with congestive heart failure. The 
curve of the serum concentration may be expressed as 

e„ -1700 = 19 lot -"•'»« 1 + 1290e"°‘ 1 ’" 1 '■ (6) 

that is, 0.875 of the plasma sodium which diffuses through area A, left the 
blood per minute, while 0.051 of the plasma sodium which diffuses through A. 
left the blood per minute. 



Fiff. 11. — Variations in urine concentration of Xa-> in four patients with miscellaneous disease 

states. 


3[— SODIUM CLEARANCE 


FOUR MSCE PATIENTS 

2b ' (CC CLEAREt/MN) 



Fig. 15. — Variations in Ka 2< clearance in four patients with miscellaneous disease states. Com- 
pare these values with those of the other two groups of subjects (Figs. 4, 6, and 11). 


Comment: Fever and other systemic influences from infection, malignancy, 
or sarcoidosis did not present any detectable influences on the diffusion of sodium 
through the vascular bed. The rate of excretion through the kidneys, however, 
might conceivably he influenced by renal damage as well as by therapy. The 
rates of sodium diffusion were too high to permit minor variations to manifest 
themselves sufficiently for detection. 

The transcapillary diffusion of sodium in these subjects indicated at least 
two rates, a rapid and a slow one. In the subject with plilebotlirombosis the 
rates of diffusion through areas Ai and A 2 were of the order encountered in the 
two patients with congestive heart failure. The patient with phlebothrombosis 
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was receiving only bed rest ; no therapy was directed at the edema specifically. 
Table II indicates the proportion of plasma and interstitial sodium diffusing 
through the vascular bed per minute. 

Goncretio Cordis and Marked Ascites: Miscellaneous Subject 7 had marked 
chronic cardiac tamponade with marked ascites and was receiving therapy for 
congestive heart failure. The therapy included the use of digitalis, mercurial 
diuretics, and a low sodium diet. He died at operation several days after this 
study and a thick fibrous sheet, which interfered markedly with diastolic filling 
of the heart, was found to encase the heart. He was studied in the manner 
previously described except that an 18-gauge needle was placed into the peri- 
toneum so that samples of ascitic fluid could be collected at frequent intervals 
for study. The relative concentrations of Na 24 in the blood and ascitic fluid are 
shown in Fig. 16. There was a very slow but definite rise in the Na 24 concen- 
tration in the ascitic fluid. This rise was much slower than that observed in 
the urine or edema fluid of the other patients. The blood serum concentration 
of Na 24 showed the usual variations. 


CONCRETIO CORDIS 
MARKED ASCITES 
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Fig, 16, — Variations in serum and ascitic fluid concentrations of Na 24 in a patient with 
concretio cordis and marked ascites. Note the relatively slow increase m the Na 34 concentration 
m the ascitic fluid as compared with that of the edema fluid of Subject 3 with congestive heart 
famiie. 


Comment: The relatively slow diffusion of Na 24 into the ascitic fluid of this 
patient is probably due to the great mass of fluid through which the Na 24 must 
diffuse, as well as a less rapid diffusion of sodium through the peritoneal mem- 
brane. The importance of the former factor is supported by the slow diffusion 
mto the edema fluid. The tissues are richly supplied with capillaries which 
permit a larger area of contact with the interstitial fluid ; that is, the ratio of 
area of capillary wall in contact with each unit volume of fluid is high. The 
capillary area of contact per unit volume of edema fluid is less and, therefore, 
a longer time is required for equilibrium to he established. In the ease of the 


ascitic fluid the ratio of capillary wall per unit volume of fluid into which 
diffusion occurs is considerably less and, therefore, the slower diffusion and 
even longer time required for equilibrium to be established becomes evident, 
there is no doubt that the stirring of the edema fluid that occurs with breath- 
uig and movement of the body aids in increasing the rate with which the 
•state oi equilibrium is reached. These observations further support the evi- 
dence that several hours are required to reach equilibrium, especially in edema 
states, after radiosodimn tracer studies are conducted. 


Excretion of Na-' by the Sweat Glands: A normal subject (a 45-year-old 
" utc man) rested in a hot and humid air-conditioned room (temperature 4S° 
relative humidity. 45 per cent). After the bladder was emptied he’ was 
■s Ruled m the same manner as described for the other subjects. 
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Results: Tlie results are summarized in Fig. 17. The Na"‘ appeared in the 
sweat in seventy-five seconds after the intravenous injection. The concen- 
tration of Na 24 was greatest in the blood and least in the urine. The concen- 
tration in the sweat tended to follow that in the blood very closely. Unfor- 
tunately the subject could not remain very long in the hot and humid atmos- 
phere; therefore, the experiment was stopped after only thirty minutes of 
observation. Another sample of urine and of blood, collected about forty min- 
utes. after the subject was removed from the hot room, showed no special 
change in Na" 4 concentration. Concentrations of Na'- 4 in the urine, blood, and 
sweat of normal Subject (i are shown in Fig. 2. .Six samples of sweat were 
measured during the period of study. 



Time in/Ainutes 

Fig. 17 . — Variations in serum, sweat, and urine concentrations of Na 54 in a normal subject who 
was in the process of profuse thermal sweating: when the Na* 4 was injected intravenously. 

Comment: These data show the rapid rate with which sodium reaches the 
sweat. When a correction is made for circulation time, sodium is found to dif- 
fuse from the plasma into the interstitial spaces, enter the cells of glomerulus 
of the sweat glands, be made into sweat, and delivered to the surface of the 
body in less than sixty seconds. Fig. 17 suggests many interesting concepts 
of integrations of urinary, sweat, and plasma sodium concentrations. Any 
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comments based, on one experiment would have little significance. More exten- 
sive studies will lie described at a later date. 


GENERAL DISCUSSION 


The diffusion of sodium through the vascular bed in man behaves in a 
manner similar to that described by Gellhorn and associates for guinea pigs 
and dogs. 4 ' 0 For comparison the vascular bed can be divided into at least two 
areas, Aj and A 2 , through which diffusion occurs at two very different rates. 
The more rapid rate of sodium exchange, through Aj, takes place between the 
plasma and the intercellular fluid. The slower rate of exchange, through A 2 , 
occurs between the plasma and sneh fluids as that of the vitreous body, 
aqueous humor, cerebrospinal fluid, and probably the intracellular fluid. In- 
spection of the regression curves shown indicates a third main, and et r en 
slower, rate of diffusion which may occur between plasma and bone, dentin, 
and enamel. 3 This area of the vascular bed through which this occurs might 
be referred to as A 3 . There is no doubt that there are many other differences 
in rates of diffusion of sodium between the plasma and other structures of 
the body, the number being limited by the sensitivity of the method of analy- 
sis. Under different states of salt intake, nutrition, glandular secretion, 
vasomotor function, and disease these rates are altered. For example, there is 
a different rate of diffusion into edema fluid (Fig. 8) from that into ascitic 
fluid (Fig. 16). A generalized edema state results, therefore, in two areas in 
the vascular bed with different rates of diffusion. At the present time it is 
much better to consider the vascular bed as having two main areas with dif- 
fusion at a rapid rate and at a slow rate, these being summations of many 
different rates of diffusion. It is necessary to remember that this may be an 
oversimplification of the problem and that with further study other rates will 
be defined. 


The rate of the circulation in man is relatively slow when compared with 
that which would be desirable to insure adequate mixing for proper study of 
a substance which diffuses as rapidly as sodium. The mixing time in the aver- 
age person is so long and the diffusion of sodium out of the blood vessels so 
rapid that in most cases data were obtained which did not lend themselves to 
detailed mathematical analysis. In some experiments, however, the mixing 
was rapid and adequate so that a mathematical analysis was possible. Several 
of these were selected for such a study. The period during the first minute 
after the injection was not suitable for proper study of diffusion because slow 
mixing and rapid diffusion complicated the diffusion pattern. The dashed 
lines in Figs. 2, 8, 9, and 13 show the rapid increase in the concentration of 
Na- 4 in the blood within the first minute or two after the injection of the 
radiosodium, during which time the regression curves are modified to an un- 
known extent. The remaining portion of the curves is a more accurate repre- 
sentation of the facts. There is no doubt that if there are any errors, such as 
hose due to slow mixing, they are concerned with factors which tend to make 
he dism'nl li„ the rapid rate of diffusion of sodium, smaller than it actually 
s. lhc \ alues lor b s , the slow rates of diffusion, are most probably near the 



1188 


BURCII, RI’ASKIt, AND CROXVICH 


true rate since mixing interi'eres little with the latter portions of the regres- 
sion curves. Furthermore, since a state of equilibrium had not been fully- 
reached by the end of ninety minutes, the equilibrium values, e,,, of equations 
(2) and (5). are not the true equilibrium values. Studies'* with the long-life 
sodium, Na 22 , in other subjects have shown the true c„„ the equilibrium con- 
stant, to be near those employed in the regression curve formulas, however. 

The coefficients, ai and a.., of the various regression curves are dependent 
upon such factors as rates of diffusion, size of the areas A t and Aj, and the 
distribution of the sodium. Therefore, a, and a.. can represent only roughly 
the degree of distribution of Na 2 ’ in the two compartments of the body, that is, 
the one which is concerned with a rapid rate of diffusion of sodium and the 
other with a slower rate. An index of the volume of the blood plasma should 
be Co, the value of c p at t = 0, but because of the difficulties introduced by 
slow mixing it is difficult to interpret. 

The rates of diffusion appear to be quite variable among the individuals 
of all groups studied (Figs. 1 and 7). The rates of diffusion through areas 
Aj and A» were definitely greater in the patients with congestive heart failure 
than in the normal subjects. Because of the marked variations and the rela- 
tively small number of subjects studied, it is not possible to be certain of the 
significance of these differences. However, as indicated previously, this is 
expected because of the greater absolute quantities of interstitial fluid and, 
therefore, of sodium in the patients with congestive heart failure. The turn- 
over of the interstitial sodium in the patients with congestive heart failure 
is essentially half as rapid as in normal subjects, while the plasma sodium 
turnover is twice as rapid in the patients with congestive heart failure as that 
in the normal subjects. 

The patients with congestive heart failure were too ill to permit the in- 
sertion of ureteral catheters into the pelves of the kidneys. A small urethral 
catheter was placed in the bladder instead. This resulted in a satisfactory 
study of Na 24 excretion in the urine but did not present the advantage of 
studying each kidney separately. All sodium clearances for the patients with 
congestive heart failure represented total clearance, while those in the normal 
subjects represent unilateral clearance, or essentially one-half of the total 
clearance (Fig. 6). This should be remembered when examining the illustra- 
tions and when comparing the rates of clearance in the normal and abnormal 
subjects. 

The radiosodium was excreted in essentially the same concentration and 
at the same rate by both kidneys. There was a tendency at times, however, 
for one kidney to excrete more rapidly than another, but this was varied 
throughout the period of study. Although the concentration of Na 24 and the 
rate of sodium clearance tended to vary coneordantly, there were sufficient 
variations to indicate differences in function between two contralateral nor- 
mal kidneys. Although both are under the same general hormonal or chemical 
and nervous influences there were individual differences. Most of these dif- 
ferences must result from differences in intrinsic renal function. In some 
isolated instances these differences were considerable, although the excretion 
of Na 24 usually differed very little in the two kidneys. 
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The rate of sodium clearance was much slower in the patients v ith con 
gestive heart failure than in the normal subjects. This is particularly sig- 
nificant when the rapid transcapillary diffusion rates are cousiderec. was 
impossible to evaluate the differences between the two groups ot subjects 
because the patients with congestive heart failure were receiving treatment 
for the failure. This treatment included dietary restriction of sodium, a pio- 
eedure normally associated with a decrease in xenal excietion o 
Nevertheless, these differences are largely due to the congestive heart failure, 
as evidenced by previous studies 1 with Na 22 and to the fact that three, of the 
patients with a low sodium clearance had not been on sodium restriction 01 
more than twenty-four hours before the study was begun. The long life ot 
Xa 22 made it possible to control sodium intake, therapy, diet, and other factors 
in order to evaluate better the disturbances in sodium excretion m congestive 
heart failure. Unfortunately, this was not possible in these studies with A a 24 . 

Table I shows estimations of sodium space. A sodium space calculated 
within one or two hours after injection cannot be accurate. This is obi ious 
from the preceding discussion of the rapid rate of diffusion of sodium and the 
relatively long time required for a state of equilibrium or complete mixing 
of the Na 24 with all of the Na 23 distributed through the body to occur. The 
inaccuracy of such a calculation is further indicated by Table I. The sodium 
space calculated from data at the sixtieth minute after injection of the Aa 
was lower than that calculated at the ninetieth minute. Furthermore, radio- 
sodium cannot be employed to measure extracellular water volume with any 
degree of accuracy because a fairly large portion of the body sodium is not 
in the extracellular water. The method becomes even more inaccurate in 
disease states, especially in those associated with edema. The values of sodium 
space presented in Table I are intended only to illustrate the possible error of 
such a calculation and not to present absolute values of sodium space. The 
lower equilibrium level, c c „, for the patients with congestive heart failure and 
the larger values obtained for the estimated sodium space in these patients 
are quantitative evidence of the large edema fluid volume accompanying con- 
gestive heart failure. 

The rapid rate and high concentrations with which Na - 4 appeared in 
sweat is further evidence in support of the rapid rate of diffusion of sodium 
across the vascular wall. The relationships of sodium in the sweat, urine, 
blood, and edema fluid are under study. The single study presented is not 
sufficient to warrant any definite physiologic conclusions, although many ideas 
are suggested. 

Finally, it is important to note that the rapid rates of sodium and water 
diffusion and the tremendous quantities concerned make the problem of the 
mechanism of edema assume a different pattern. Sufficient evidence has not 
been gathered yet to make possible a proper appreciation of the role of the 
rapid and large turnover of sodium and water in edema formation. It is obvi- 
ous that slight disturbances in sodium diffusion or excretion might result in 
a rapid and marked accumulation of edema fluid. These factors are now 
Under observation. 
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SUMMAHY 

Normal subjects, patients with congestive heart failure under treatment, 
and patients with other disease states were studied following a single intrave- 
nous injection of Na' 1 to learn the rate of diffusion of sodium through the 
vascular wall and its rate of excretion into the urine and sweat. 

Sodium diffuses through the vascular wall with at least two rates, rapid 
and slow. These rates of diffusion of sodium in man are similar in quantity 
and quality to those described by Gellhorn and associates for guinea pigs and 
dogs. In a normal subject the average rate of diffusion indicated that about 
32 per cent of the total plasma sodium diffused out of the blood every minute. 
This approaches a diffusion across the vascular wall equal to about 18 pounds 
of sodium or 50 pounds of sodium chloride per day. 

The sodium that diffuses at a rapid rate is mainly concerned with an ex- 
change between the plasma and interstitial fluid, while that which diffuses at 
the slow rate is probably concerned with exchanges between the plasma and 
such fluids as the vitreous body, aqueous humor, and cerebrospinal lluid. The 
regression curves observed suggest a possible third or slower rate of sodium 
diffusion such as might be expected for bone, dentin, and enamel already sat- 
urated with sodium. 

The individual subjects in all groups showed a considerable spread in the 
blood and urine concentrations and rates of sodium cleared by the kidneys. 
The patients with congestive heart failure with treatment, including dietary 
restriction of sodium, showed a more rapid rate of sodium diffusion from the 
vascular bed than did the normal subjects. This was also true for a patient 
with phlebothrombosis receiving only bed rest therapeutically. The rate of 
turnover of the interstitial fluid sodium was 50 per cent as rapid in the pa- 
tients with congestive heart failure as in the normal subject, while the plasma 
sodium of the patients with congestive heart failure turned over twice as 
rapidly as that of the normal subject. 

The rapid rates of diffusion and the large quantities of sodium involved 
make it necessary to reconsider the role of sodium in edema formation. Rela- 
tively slight changes in the rates of sodium diffusion from the blood with a 
disturbance in its excretion in the urine might result in rapid and marked 
edema formation. 

The rate of sodium clearance in the patients with congestive heart failure 
was considerably less than that in the normal subjects. These differences were 
not due entirely to a dietary restriction of sodium intake. 

Simultaneous study of each kidney showed a tendency for the renal excretion 
of sodium to be similar bilaterally. There was sufficient qualitative and quan- 
titative difference, however, to indicate intrinsic renal differences in the excretion 
of sodium. In some instances these differences were considerable. 

The important technical assistance of Miss Shirley Wiederecht, Miss Jacquelyn Souderes, 
Miss Elsie Landry, Air. F. M. Parks, Air. K. .J. Seliraniel, and Air. G. .T. Fruthaler is grate- 
fully acknowledged. 

It was through the interest and kindness of Dr. A. L. Hughes and Dr. Afartin ICamou 
of Washington University, and of Dr. Allen Reid and Airs. Adole Weil, of Columbia Uni- 
versity, that the radiosodium was made available for these studies. 
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MANNITOL: KINETICS OF DISTRIBUTION, EXCRETION, 
AND UTILIZATION IN HUMAN BUI NOS 


Eafakl Domlw.ukz, M.D., A. C. Coucohan, M.D., and 
Ikvink II. Pack, M.D. 

Ci-.kykl.vxd, Ohio 

M ANNITOL is in current clinical use as a measure of the rate ot' glomerular 
filtration 14 and of the volume of extracellular fluid. 11 It is also recom- 
mended as a harmless osmotic diuretic. 

The availability of a method 4 for the determination of plasma mannitol, 
which, especially at low concentrations, is more precise than procedures lor- 
merly in use, enabled a study of the distribution, excretion, and utilization ot 
mannitol after intravenous injection in human beings. This study is based on 
concepts previously developed 5 ' 1 ’ and applied to creatinine, xylose, and galac- 
tose. Since these concepts have been presented in detail and verified experi- 
mentally, we limit our prefatory discussion to general terms and to specific 
symbolisms used in this report. 

If the rate of urinary excretion, y. of a substance (milligrams per minute) 
is proportional to the concentration, x, of this substance in plasma (milligrams 
per cubic centimeter), the excretion constant A can be calculated. This constant 
A is usually interpreted as the volume of plasma cleared of the substance per 
unit time and is called clearance (cubic centimeter per minute). It may be inter- 
preted also as the rate of excretion per unit plasma concentration, or, in short, 
the specific rate of excretion. When the substance in question is disposed ot 
wholly by renal excretion and when the rate of diffusion of this substance into 
body fluid is such that the amount lost before equilibration is negligible, the 
constant A can be calculated from serial determinations of the concentration ot 
the substance in plasma. The calculation can be made graphically from a plot 
of plasma concentration x on semilogaritlunie paper. This plot will follow a 
straight line with slope a. The initial concentration a is obtained directly by 
extrapolating the line to the time of injection. This value a corresponds to a 
theoretic concentration of the substance in the plasma under the assumption ot 
mixing and equilibration at the time of injection. The dose, G, being known, 
the volume of distribution, V, of the substance is determined from G and a. The 
excretion constant A is obtained from G, «, and slope a. The formulas are col- 
lected for convenience in Table I, while Fig. 1 illustrates the procedure. 

When the rate of equilibration is such that significant disposal of the sub- 
stance takes place before equilibrium is established, the values V and A must be 
regarded only as first approximations, identified by a subscript 1, as A, and TV 
If the pre-equilibrium plasma concentrations are known, as in the experiment 
shown in Fig. 1, the slope ft and the extrapolated concentration b can be deter- 
mined from the excess of plasma concentration above the line of the slope a. 

Division of Laboratories and Research, St. Luke's Hospital, and the Research Di\‘ s ‘ on 
of Cleveland Clinic Foundation. 

Received for publication. July 25, 1047. 
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kVith these new constants a second approximation, A Jt and a new V, V lt are then 
•aleulated (Table 1). The value *1.. measures the total specitie rate of disposal 
if the substance by urinary and other possible pathways and represents total 
plasma clearance. 



10 20 30 40 30 60 70 80 90 100 110 120 

TIME IN MINUTES 

F ‘ e ' 1- Graphic solution oC the equation of the plasma disappearance curve, X = ae "*** + be ^ 
(No. 77). 

a = .355 

a = IT 0-555 - In 0.10 _ 1.2CC9 _ 

113.5 U3lT “ 0 0111(5 

b = .2S5 

p _ in 0 2S5 - In 0,01 3.3499 

29.0 ~ 29.0 — 0.1151 

The extraurinary pathways of disposal lie either in metabolism or extra- 
renal excretion. The sum of these processes is referred to herein and in earlier 
icpoits as utilization. If the substance (1) is both excreted in the urine and 
utilized and (2) disappears exponentially from plasma, the former value A, 
must be regarded as the sum of two constants, A 3 and B s , of which A 3 is another 
approximation to the renal plasma clearance and B 3 is the utilization constant. 

us constant represents the rate of utilization per unit plasma concentration, 
°i, in brief, the specific rate of utilization. 

The value of A 3 is calculated from the amount, E, of the substance which 
p pears in the urine. When the time of urine collection is prolonged and renal 
unc ion intact, so that excretion is virtually complete in the time of collection 

that p C vo C, i lated 38 Sh ° wn in Table L When the P eriod of collection is short, so 
value 17 3 (Table “ PletG ’ an ex P onential te ™ is introduced leading to the 
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Table 1. Formulas Used i.v This Kki'okt 


(i) y = 


(-) J' y ‘it = a / x at 


CO 


_ -at , -fit 
x = ae + bo ’ 


(4) A, =.J‘ >• <U 


J' x lit 


J '”-” 1 '“"( f ) 


(5) A, 


J' (ac -<>t + be~^ fc )dt 


1 + l » 


(0) A, = ~ 
a 


E, 


( 10 ) 


_ a /, ,,-nt 

a 

Aj A, _ E 
A, ~ A. Cl 


P 

(?) A, = • 

(») A/ = 


E 


jl + Jl 

« p 


E t 


JL (1 - e~ at ) f- Ji (1 - e'? 1 ) 

a p 


(11) B t = A 2 - A t 


(12) V, = 


,, A» _ . « b 

(14) a7 - 1 + T ‘ ~ 


v _ A ; (pa + a-b) 
’ • (pu + ab)- 


(Jo) -7— = 1 + 2 • ■ — -approximately 

\ ; f la 


The formulas used herein and in earlier reports are summarized in this table for con- 
venience. The meanings of the symbols are explained in the text. 

G. Quantity injected in milligrams. 

E. Total urinary' excretion, milligrams. 

Et, Quantity excreted in urine in time. t. 


In the calculations of Aj and A/, the diffusion of the substance is neglected. 
If both diffusion and extraurinnry disposal are taken into consideration, a value, 
Ai (and also A.' for a short period of collection), can be calculated as shown in 
Table I. The value A. is equal to renal plasma clearance of a substance which 
is excreted in urine and which is also utilized and subject to pre-equilibration 
disposal. 


Successive calculations of tiiese different values of -4 give explicitly the 


errors introduced in the estimate of renal clearance. The ratio 


Aj_ 

A, 


gives 


the 


relative error introduced in the estimate -4i by neglecting diffusion. The ratios 

Al _ ~-L o-ive the relative error introduced in the estimates -4, and A, by 
A s A 4 D ^ 

assuming no utilization. The ratio ~~ gives the relative error introduced in 


the estimate A, by neglecting diffusion and by assuming no utilization. 

The utilization constant B already defined is obtained from the difference 

(A 2 - A J (Table I). 

PROCEDURE 

Seventy experiments were performed on fifty-six subjects, thirty-nine of 
whom suffered from some form of renal disease. Twenty cubic centimeters of a 
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S.fi per cent .solution of nutnm.ol- worn rapidly nt.,«otr.l l o " 

SB „k. 3 Here obtaincl after in so, no experttnen.s and toil, e OK 

and after cnilil. ration in other exporintentn. The number ,,l pten » »■ P £ 
varied from three to seven. Urine was enllee.ed lor short ,m 
103 minutes) and for Ions periods l nine to twehe hoiiis). 
procedures is shown in Table II. 


Tahi.k 1 1 


nu.NK nn.i.KoTioN 


TOTAI.S 

PLASMA SAM1M.INO 1 ! i ~ 

After equilibration •'(> ■_ - pi 

Before unit lifter emiililirutioii - — i r4 ~fl 

Total ™ ¥1 ^ 

Data from one of the five experiments with long urine collections in which 
plasma was obtained before and alter equilibrations <ue shown in *<->• , 
which the course of other experiments can be visualized, n eac 1 0 011 s 

jects the experiments were repeated once, and in each of two o id six j.je 
the experiments were done three times. Two of the repeated experiments can- 
not he averaged because of changes in the subject s renal excietoiv 

Plasma mannitol clearance, C , was determined in patients independently 
of this procedure on thirty occasions (Table IV). These determinations were 
done by the conventional method of intravenous infusion, plasma sampling, and 
urine collection by catheterization and by bladder washing. A \a ue teimc 
was calculated from the curve of plasma concentrations and concurrent excretion 
of mannitol in voided urine in five experiments. This value is equna ent to 
conventional clearance determination, but, in contrast with C in this senes, the 
determination C is simultaneous with the experiment rather than an independ- 
ent observation. 

results 

Volume of Distribution.— Mean V, in the whole group is 14.2 liters, while 
mean body weight, IT, is 66.7 kilograms, mean surface area, S, is 1.74 square 
meters, and mean developmental level, D.L., in is 166. The correlation coefficient 
between V, and IT is 0.49; that between V, and S', 0.53; and between V, and 
D.L., 0.53. The relation between V, and D.L. is shown in Fig. 2, which demon- 
strates that, on an average, F/ is greater in patients than in normal subjects at 
equal developmental levels. The differences in the means of F, between patients 
(14.9 liters) and normal subjects (12.6 liters) is 2.3 liters, which is found to be 
2.8 times the standard error of the difference and is, therefore, significant. The 
importance of the difference is still more apparent when it is related to body 
weight or developmental level in the two groups, mean IF being 65.9 kilograms 
in patients and 68.8 kilograms in the normal group and mean D.L. being, re- 
spectively, 164 and 170. 

•We acknowledge the generosity and interest of Dr. Carl Beyer and Dr. William Boger, 
or Sharp & Dohme, Inc., Philadelphia, Pa., and the skillful assistance of Dr. L. Underwood 
and Miss E. Davy, R.N 
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The second approximation of volume of distribution, V_., is calculable in 
those cases in which plasma mannitol was determined before equilibration. In 
this group V, averages 13. S liters and l'.., 12.3 liters (Table III). The difference 
is 1.5 liters and the ratio T,:T.- is 1.12. The excess of the ratio V, :T'„. over unity 
measures the error in the estimate of volume of distribution occasioned by 



Fig. 2. — Relation between Vi and developmental level, D.L.. in patients ami In normal 
subjects. The means for each group are Indicated a.s .V. These points are Joined to zeio 
by straight lines. The upper line Indicates the relation of Vi'.D.L. in patients; the lower 
line, the relation In normal subjects; and the middle line, that in the whole group. 


Table III. Constants of the Eq cation of Plasma Mannitol 1)i s a wm:ak a n c e 


-at 


he 




AND DEKIVen VaI.PES OK P, V, AND V, 


NO . | 

a 

1 « ! 

h 

1 ** 

1 1> 

! V, 

I v . - 

()0 

.'15.5 

0.0049 

40.0 

0.290 

0.70 

.13.8 

14.4 

til 

36.8 

0.0043 

15.0 

0.082 

9.85 

13.3 

1 th !) 

62 

30.4 

0.0056 

25.0 

0. 153 

9.21 . 

35.8 

16.8 

63 

•1 X 1 

0.0037 

40.0 

0.150 

0.14 

1 1.3 

11.8 

01 

49.5 

0.0075 

35.0 

0.178 

(>.03 

9.7 

10.3 

05 

37.0 

0.0092 

34.5 

0.090 

7.1 

11.7 

13.6 

66 

36.0 

0.0095 

19.2 

0.100 

9.2 

12.9 

14.2 

68 

35.2 

0.0092 

59.0 

0.070 

5.4 

10.2 

14.5 

69 

22.3 

0.0097 

14.0 

0.091 

14.0 

20.3 

22.0 

77 

35.5 

0.0112 

28.5 

0.113 

8.0 

12.4 

14.4 

78 

40.5 

0.0117 

44.5 

0.110 

6.0 

10.4 

12.6 

79 

38.2 

0.0121 

23.0 

0.09 S 

8.3 • 

11.7 

.13.4 

80 

52.0 

0.0131 

30.5 

0.12 S 

5.8 

S .6 

9 .S 

81 

45.6 

0.0112 

42.5 

0.155 

5.8 

10.5 

1 1.2 

Means 





7.68 

12.33 

13.8 


Constants obtained In experiments in which plasma mannitol concentrations were known 
before and after equilibration. Tlie value P (Dominguez) is tlio volume into which injecii.ii 
mannitol diffuses so rapidly tliat is is idcntitlcd in earlier reports as equivalent plasma '’ olu , (rj 
In these experiments tlie volume P averages about 2.7 times true plasma volume as esum.ui'> 
from bodv weight and 0.(>2 times the final volume of distribution. Vi. The significance ot 
the other constants is explained in the text. 
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Heating diffusion prior to equilibration (lalile !)• ' ^ (licit* foie, the 

exact measure of volume of distribution. If tins value of bolds for the whole 

group, 1 T , averages 13.3 liters (20 per cent of body weight) in patients and 11.3 
liters (1G per cent of the body weight) in normal subjects. 

Equilibration of Mannitol in Bod,, Fluid .- Since mannitol is subject to con- 
tinuous disposal, the equilibration of mannitol m body Iliads is t -' n ‘ 1,ulc - 
a single injection, the first gradient is from plasma to interstitial flu« , an 
the second, from body fluid to plasma, trom which mannito is cxcic 
urine. The time of equilibration marks completion of the first phase, alt 
which disappearance of mannitol from plasma becomes simp y exponen a . 
Plasma samples were obtained at or about twenty minutes after injection m 
thirty-nine subjects. The weighed mean time of equilibration is wen > se\ci 
minutes, equilibrium being established at twenty minutes in nineteen expeii 
ments, at twenty-five in one, at thirty in ten, and at i’oitj in nine. n om 
experiments in which the first blood sample was taken at thirty minutes, 
equilibration had already been established. The mean time of equi i nation in 
the fifteen experiments in which blood samples were obtaine sioity a ti 
injection (as in Fig. 1) was twenty-eight minutes, the times being twenty 
minutes in six, twenty-five minutes in one, thirty minutes in three, t nty- ie 

minutes in four, and forty-five minutes in one. _ 

Thus, mannitol was equilibrated in body fluids at a mean interval ot 
twenty-seven to tv’enty-eight minutes after injection, but it is well to bear in 
mind that in ten of fifty-eight experiments the time of equilibration was forty 
minutes or more. 

Renal Excretion .—' The first approximation of the specific rate of mannitol 
disposal A, is compared with the independently determined renal plasma clear- 
ance, C, in Table IY. The ratio of the mean of A t and C in this group is 1.44. 
This estimate of the ratio A,:C may be somewdiat affected by changes in func- 
tion between measurements of A, and C. But the inequality of the means indi- 
cates that a considerable portion of injected mannitol is disposed of by avenues 
not taken into account in assuming the equivalence of Ai and C in the estima- 
tion of A,. There must be loss before equilibration, or utilization before and 
after equilibration, or a combination of these factors. 

That disposal before equilibration should not be as great as the excess over 
unity of A,:C indicates is suggested by the rapidity of mannitol diffusion. The 
effect of diffusion from plasma on the estimate of volume of distribution is 
noted in the foregoing in comparing V j and V 2 . Similarly, the effect of this 
diffusion on the estimate of specific disposal rate is observed in the ratio of mean 
-1,:A 2 (Table Y) which is 1.08, an excess over unity of the same order as that 
of the ratio Yj.-Yj. Loss of injected mannitol before equilibration is, therefore, 
not negligible. 

However, if such loss were the only factor determining the excess of A, over 
C', the ratio A 2 to G" would be unity. Actually, the ratio of the means is 1.23 
(Table Y), from which it follows that the specific rate of disposal of injected 
mannitol involves also a considerable utilization of this substance. 
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Tabia: IV. Comparison op the Mannitol Clearance C t«j the First Approximation A, to 

This Ci.rvrv.vce 


C SMALLER rii.vx 70 | 

C GREATER THAN 70 

NO, 

1 A, | 

<J ! 

| NO. 

i A, t 

C 

o 

93 

30 

3 

182 

121 

1 

92 

67 

5 

157 

S4 

7 

50 

40 

14 

115 

SO - 

s 

04 

OS 


109 

SS 

9 

60 

60 

25 

132 

S3 

U 

67 

•IS 

2S 

103 

78 

19 

5S 

35 

55 

153 

140 

20 

82 

31 

14 

139 

SS 

27 

103 

60 

16 

163 

125 

29 

SI 

04 

51 

1SS 

124 

.13 

72 

30 

05 

125 

S3 

31 

55 

23 

66 

135 

97 

38 

23 

21 




43 

27 

17 




CO 

71 

66 




G2 

94 

50 




63 

44 

2S 




(34 

77 

50 




Mean 

67.9 

46.2 


14 4.3 

99.7 


Alcan At = l.H X moan C In pitlenK uho-e level of C Is less than 70. and 1.15 when 
C is greater than 70. The mean of the ratios .Vi: C for patients is l.GJ when C Is lean than 
70 (S.D., 0.53) and 1.17 (S D„ 0.2J) when G is greater than 70. The difference between these 
means is not signillcant (dilfcience/standaid ertor of difference Is less than 1). The greater 
variability of data in pitients In whom C Is less than 70 is attilbuted In p irt to changes in 
function which may have occulted in the Interval between mcasut ement.s of Ai and C. Such 
changes are less marked when function is initially close to noimal with C greater than 70. 


Table V. Successive Approximations to the Clkauanie op Mannitol Computed From 
the Plasma Curve Alone (A, and A.), Fito.vx the Pi.vsma Curve and Short Interval op 
Urine Collection (A/ and A,') and From the Plasma Curve and Long Intmiv.vl op Urine 
Collection (A, and A,). Comparison With Independent Clearance C and Simultaneous 

Clearance C’ 


NO. 

Ai 

Aj 

A,' 

a. 

A,' 

A, 

C' 

C 

00 

71 

69 

66 


62 


— 

00 

62 

94 

91 

50 

- 

17 

- 

- 

50 

63 

44 

43 

44 

- 

10 


- 

28 

64 

/ / 

75 

4S 

- 

15 

- 

- 

30 

(55 

123 

113 

50 

- 

■IS 

- 

- 

S3 

66 

133 

12S 

7S 

- 

71 

- 

- 

97 

77 

161 

149 


137 


126 

125 


7S 

147 

133 


107 


96 

100 


79 

162 

150 


137 


12S 

111 


SO 

12S 

120 


111 


104 

99 


SI 

125 

117 


146 


10S 

112 


Mean 

143 

134 


422 


1 12 

109 



Data fiom patients (Xos 60 to 66) and noimal subjects (X T os 77 to SI). Data fioin 
patients are not av'eraged because of their variability. The means of the latios of .1 m normal 
subjects ai e as follows .li -t., 1.20, .Is -li 2 20. -4a -la, 1 0E , -ti C', 1 03. -li .4;. 1.0S ; -* i h 
1.19. AiiC. 1.33. The specific late of utilization B , m experiments with shoit periods ot 
urine collection aveiages 34 and is widely vanable. In normal subjects, with prolonged urine 
collection, mean 7L = 21. 


When this utilization is taken into account, as it is in calculating A 3 and 
As, neglecting pre-equilibrium disposal, the means of these values only slightly 
exceed the means of C and C' (Table Y) (ratio of mean A,:C' is 1.12). This 
excess over unity measures the degree to which the estimate of renal excretion 
of mannitol (A 3 or A/) is affected by pre-equilibration disposal. When this 
loss is also accounted for, as it is in calculating A. and A.’, the correspondence 
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„ t At .v , <■' «. <» irss 

A,:C" is 1.03). TOO discordancy ' ‘"A mav hau* -ml in .he 

can be attributed to changes m u-n.i um Uri( ()f A Th i s supposition is 
interval between the determination ot • • simultaneous observations 

supported bv the fact that the eoneordanee with the s..mu 

r ‘zz:i ... r -vr ? ' 

nations of plasma manmtol as A; o. A; ^ uliliza tion and diffusion must 
mannitol elearanee, measmed as C o • . , ( .i (> .,rinec from serial 

to taken into account in the ostin.alinn „t tonal manmtol 

analyses of plasma after in.ieetion of mannitol. . , 

Utilization . — The difference fA.-AJ establishes the CN, jl L "[ ) t . r ° ct 0 \ ri(lcnce 
utilization and measures the speeitie rate ot t m u l >-•> - < • t urinul . y 

o£ this cxlraimnary disposal tt < obtained OnMe \,0 ^ „ 01 . ma i 01 . 

excretion of mannitol over a long intu \al , . llin it 0 l is 79 

neatly normal renal functions. The mean roe, .very ot mutt '■ aim l 1 
per cent. Recoveries ot SI and S3 per rent wore obtained ,y & .mth , A 
and Smith'* in ten and etieJu.lt hot, let of none oollect on, and KCOt 
SO, 85, and 30 per cent in twenty-four hours by Berger, Fa.be,, and Latte. 

Table VI. Recovery ok Mannitol is the Urine; 5,100 Mo. Is **™ 


SUBJECT 


TIME 

(MIN.) 


AMOUNT OK 
MANNITOL 
(MG.) 


PER CENT 
RECOVERED 


70 

71 

72 

73 

74 

75 
70 

77 

78 

79 

80 
81 


720 

720 

000 

000 

000 

720 

720 

540 

720 

785 

540 

720 


3,595 

4,329 

4,10.8 

3,172 

3,843 

3,852 

3,980 

4,331 

3,090 

4,350 

4,411 

4,702 


70.5 
84.9 

80.5 
02.2 

75.4 

75.5 

78.2 
84.9 

72.4 

85.3 

80.5 
92.2 


Mean 


080.4 


79.04 


The validity of a nine- to twelve-hour urine collection as a measure of total 
urinaiy excretion can he shown by the following examp e (- °- • 

value of a is found as 0.355 mg. per cubic centimeter; a, .011-; b, .285; jS, Xl ; 
t, 510 minutes; at, 6.048; pt, 61.02; and l-er 60 ^, .99764. Amount excreted m 
540 minutes is 4,331 milligrams. Assuming the 540 minute excretion to be total 
excretion, E, 4,331 = A, (34.22) and A. = 126.6 cubic centimeters per minute. 
Taking now 4,331 only as the amount excreted, E t , in 540 minutes, and ea di- 
lating A/, as is done when urinary excretion is incomplete, we have 4,3._>1 = A, 

(31.70 x .99764 + 2.52) from which A/ = 34 15 = 126.8 cubic centimeters per 


minute. The correspondence of A,-, and A/ show's that excretion in 540 minutes 
is a close measure of total excretion. Actually, Avith A/ = 126.8, the total eal- 
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culated excretion will be 120.8 x 34.22 — 4,339 milligrams. The difference 
between this and the amount excreted in 540 minutes is only S mg., or 0.2 per 
cent of E. 

Indeed, when at is greater than 4.007, the factors and l-e'^'eaa be 

neglected, being less than 1 per cent of unity. As a matter of fact, the smallest 
value of at in the experiments of Table VI is 5.S 3. Consequently, the amounts 
excreted in the experiments of Table VI are less than 1 per cent smaller than 
the total excretion, and the mean recovery of 79 per cent can he considered 
equal to total recovery of injected mannitol. 

The specific rate of mannitol utilization is measured as B. In experiments 
of short duration, this constant is estimated as 34, mean of />/, and in experi- 
ments with long urine collection, as 21, mean of B, (Table V). The greater 
variability of data in the shorter experiments leads us to believe that the esti- 
mate of B from the longer experiments (BE is the more representative of the 
specific rate of mannitol utilization in human beings.* 


DISCUSSION 


The present investigation was aimed at evaluating renal function by the 
disappearance of intravenously injected mannitol from plasma without collec- 
tion of urine in the manner suggested by Barnett* for inulin and by Newman, 
Bordley, and Wintcrnitz” for mannitol. 


In proposing this procedure as a measure of glomerular filtration, the lat- 
ter authors note that it is based on the assumptions, “(1) that mannitol is 
dissolved in a space approximating the extracellular fluid of the body; (2) 
that an equilibrium of concentration is established throughout the fluid ; and 
(3) that loss of mannitol is only through excretion by the kidneys.” The first, 
of these assumptions is supported by our data, since the volume I T j corresponds 
well with other estimates of extracellular fluid volume. The third assumption 
is negated by the demonstrated utilization of mannitol. The view implicit in 
the second assumption that excretion of mannitol before equilibration is neg- 
ligible is also controverted, since neglect of this disposal introduces errors 
of about 10 per cent in the estimates of V and A. It is, therefore, impossible 
to arrive at an accurate estimate of renal plasma mannitol clearance when only 
the dose injected, G, and the slope, «, are known. It has recently been 
shown 2, 10 ' 13 that the plasma clearance of mannitol is about 90 per cent of 
that of substances presumably excreted by glomerular filtration without tubu- 
lar reabsorption. 

However, with the additional safeguards 0 of a knowledge of pre-equilibrium 
plasma concentrations and of the amount excreted, renal plasma mannitol 
clearance can be calculated as A- or A/. Unfortunately for convenience the 
procedure then requires at least four and preferably five plasma samples, and, 
because of the individual variability of the specific utilization constant B, a 
prolonged collection of urine. 


♦The ratio of the clearance determined by the infusion method of Earle and Berhnei 
fn ennventional plasma mannitol clearance is found by Berger. Fnrber, and Earle 2 to ne 
V 0 Tf renal plasma mannitol clearance of these subjects is taken as 110. the specific rate 
of uUlizaticm is (110 X 1.12-110) = 13. 
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TV behavior of intravenously i.ijwtc.1 mnmul.,1 in human Vines >«n.nlte 

volume of body iluitl. is lai m*l> ixmUi ... * • q u ^ 10 basis of 

and Slisl.t roillisorntinn, 12 ».»t is nto »'■!,. ,e<-l In ut.li/ ‘ ,,?" h u „„ bln, 
bodv weight the utilization constant B ot mannitol 1 

iiouv uic mm/ difference in the constants 

is 0.30, while that of xylose m dogs is 0.!W. I his « ittu uKc Thc 

emphasizes the value of the calculation ot /> m cstimat it}, -* 

mean pee cent recovery ot xylose in dogs avera.es 1, 0 pc rcent ; d Unicoi 

mannitol in human beings. SO per cent, trom w uci 1 < l P 4 * ... t(J 

substances arc utilized in comparable proportion. IIowovci hi 

of utilization of xylose per unit body weight is three times that ol mannitol. 

It is interesting to note that in dogs the specific rate of utilization o^ 
sorbitol, the isomer of mannitol, is even greater than that of xj ■ • 
assume a body weight of 15 kilograms and an A ot *, in the cM'onn ent s at 
Todd, Myers, and West, 15 the estimate- of B lor sorbitol is 3.o pei 

of body weight. ... . 

The pathway of utilization of mannitol is unknown. It seems i unhlwly 
that mannitol should be subject to significant extiinena exuc ion, ie > 
utilization of mannitol, like that of xylose, may be taken as due to metabolic 

conversion. 

Most published studies on the metabolism of mannitol are based on feel- 
ing experiments. These studies have shown that, in the lat, mges ion o 
nitol leads to storage of liver glycogen. 5 - 15 In the rabbit, mannitol does not 
relieve the symptoms of insulin shock. 5 Wince mannitol is readily subject to 
bacterial degradation, it has been assumed that most of the metabolic uti na- 
tion of ingested mannitol is due to absorption of products of bacterial action. 
However, the comparatively rapid utilization of mannitol we describe suggests 
that the results of feeding experiments reflect parenteral conversion rather 
than enteral breakdown. 


SUMMARY AND CONCLUSIONS 

The disposal of a single intravenous injection of mannitol in human beings 
is described on the basis of concepts formerly applied to creatinine, xylose, 
and galactose. The method of calculation is presented. 

The volume of distribution of mannitol in body fluids is estimated as 16 
per cent of body weight in normal subjects and 20 per cent in patients suffer - 
ing from cardiac and renal disease. AY hen no allowance is made for disposal 
of mannitol before equilibration in body fluids, the estimates of distribution 
volume are increased by 12 per cent. The time of equilibration of mannitol 
in body fluids averages 27.5 minutes, but in ten of fifty-eight experiments this 
interval was prolonged to forty minutes or more. 

Utilization of mannitol, presumably metabolic, is shown to proceed at a 
rate which, like the specific rate of excretion, can be expressed as a specific 
rate of utilization in milligrams per minute per unit plasma concentration. 
This specific rate is estimated as about 21 in normal human beings. In sub- 
jects with normal renal function, excretion of injected mannitol is completed 
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in nine to twelve hours. The proportion excreted in this time averages 71) per 
cent of the amount injected. 

The estimate of renal plasma mannitol clearance from the exponential 
plasma disappearance curve and the dose alone after a single intravenous in- 
jection is inadequate. In normal subjects the error is found to be about 30 
per cent when no allowance is made for pre-equilibration disposal and for 
utilization. The error is reduced to 20 per cent by taking into account pre- 
equilibrium disposal, and to about 10 per cent when allowance is made for 
utilization. Although variability of data is considerable in patients suffering 
from diseases which alter renal function, the mean error of the estimate ot 
mannitol clearance from the plasma disappearance curve is negligible when 
allowances are made for both utilization and pre-equilibration disposal. In 
practice, this estimate requires analysis of serially obtained plasma samples 
and of urine collected over a long interval. 
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STUOIKS IN SERUM. PROTEINS 

I. The Chemical Estimation or Aliujmin and or the (iLoiillin 1- kaciions 

in Serum 

Clarence Cohn, M.l).,<* and William Quitman Wolkson, M.D.t 

Chicago, 111. 

TIIE increasing clinical significance being attached to the various components 
1 of the serum proteins as revealed by electrophoresis necessitates a simp e, 
rapid procedure for estimating these tractions. . 1 he c nuactei is ics o 
Tiselius electrophoresis apparatus make it impractical i'oi most c mica ajoia 
tones. As a result, fractionation studies cannot be performed in many cases 
where they would be desirable. 

A simple chemical fractionation method which approximated the results 
obtained by electrophoresis is reported. This chemical piocec uic icqunes no 
special equipment and can be performed in several hours of actun wol vin 0 ime 
using serum samples of nominal size. 


MATERIALS AND METHODS 

Four human sera, one normal and three abnormal, were fractionated by 
both electrophoretic and chemical methods. Five samples of animal plasma 
were also studied; these were obtained as desiccated powders and were recon- 
stituted with distilled water. In the ease of the animal plasma samples it was 
necessary to undertake a preliminary removal of fibrinogen; this was done by 
the addition of purified clotting thrombin. Three of the animal samples were 
of sheep plasma, and one each of equine and porcine plasma. 

Analyses! on the human sera and on the animal plasma samples were car- 
ried out electrophoretically ; in calculating the percentage composition of the 
fractions of these samples (Table II) a suitable correction has been made for 
fibrinogen. 

Chemical procedures utilized for determining the various protein fractions 
were as follows: 

1. Total protein was determined by the biuret reaction as modified by 
Weichselbaum. 1 
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2. Albumin plus alpha globulin is equivalent to the “albumin” fraction 
obtained by employing Kingsley's modification of Howe’s method to 
precipitate “globulin.”-' The estimation was finally performed by the 
biuret met hod. 

3. Albumin values were obtained by the methanol fractionation procedure 
of Pillemer and Hutchinson.-* The methanol filtrate was analyzed for 
protein by the biuret reaction. 

4. (lamina globulin was separated from serum by a modification of the 
method of Cohn and co-workers.* A solution of the precipitating reagent 
was prepared by adding 2.5 ml. ol“l X. sulfuric acid to 100 ml. of 2.7S 
M. ammonium sulfate. Five-tenths milliliter of serum was placed in a 
graduated 10 ml. Ivolmer centrifuge tube. Four milliliters of precipi- 
tating solution were then placed in a doubly tied cellophane bag sus- 
pended in the tube and centrifuged until 0.5 ml. of ammonium sulfate 
solution bad been added to the serum. The rate of centrifugation was 
adjusted so that about two hours were required. The cellophane bag 
was then removed. After standing overnight, the tube was again centri- 
fuged until the precipitate was well packed. The supernatant was dis- 
carded and the precipitate taken up in 0.9 per cent XaC'l solution. The 
protein concentration, consisting almost entirely of gamma globulin, 4 
was estimated by the turbidometric method of Ayer, Dailey, and Fre- 
mont-Smith. 5 

Care should be taken to approximate the end point as closely as possible. 
..owever, the end point should be passed slightly, an amount of serum exactly 
equal to the excess of ammonium sulfate added should be pipetted into the cen- 
trifuge tube. The serum added is then mixed well with the supernatant and 
the tube warmed to 35 to 40° O. for thirty minutes, following which it is per- 
mitted to stand overnight and treated in the usual fashion. 

5. The value for beta plus gamma globulin was obtained by subtracting 
the value for albumin plus alpha globulin from total protein values 
(Step 1 minus Step 2). 

6. Beta globulin was estimated by subtracting the value obtained for gamma 
globulin (Step 4) from the value obtained for beta plus gamma globulin 
(Step 5). 

7. Alpha globulin concentration was obtained by subtracting the value for 
albumin (Step 3) from that of albumin plus alpha globulin (Step 2). 

These determinations can be accomplished in three hours of actual work. 
However, since the gamma globulin precipitation requires standing overnight 
twelve to eighteen hours are needed from the time the samples are received. It 
is preferable that the determinations be carried out in duplicate. For the 
complete analyses in duplicate 6.5 ml. of serum are required. 

RESULTS AND DISCUSSION 

A consideration of the method outlined will show that its operation funda- 
mentally depends upon the assumption that the “albumin” found by the Howe 
method* of sodium sulfate precipitation actually is equivalent to the electro- 
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nhoivtieally determine - - crintmiin. 

lin” of the Horn; method uctusill.v is equivalent to beta p ■ ‘ “ 

This assumption was originally based upon a review o! t w o < ^ ^ lhe 

sodium sulfate ami electrophoretic fractionation were compau. . 
present study was in process, Peterman... Young. H -guess, ami ^ ako 
observed the eoineidenee in values between the 1 owe * al l ,u J , »"; 01 11 ™ J J 
and the sum of the elect rophoretie values for nlbum.n and alpha globulm on 

thC The data obtained in the course of this study appear to justify this assump- 
tion. Table 1 lists the values obtained for various serum vomponcii tie b J the 
chemical and the electrophoretic method in human sinjecs. n ) 
and Table II good correspondence is shown between t u owe a >t 
bumin plus alpha globulin obtained by the chemical method) and the electro- 
phoretic values for albumin plus alpha globulin. 

No difficulty was encountered in obtaining duplicate checks ol the values 
for total protein, albumin plus alpha globulin, beta plus gamma 0 oru in, 
gamma globulin. However, we agree with Petermann am co-woi reis in e 
phasizing that to obtain reliable and reproducible results ioi a mmin, re 
most meticulous care must be used in the preparation of the reagents, m aun 
ing evaporation, and in maintaining all components of the sjstem a 
throughout the precipitation and filtration process. Because of the de icacy 
of the Pillemer and Hutchinson method, 3 consideration is being given to the 
■possibility of substituting the albumin method suggested by Chow which he 
has shown also to give values for albumin which appioximate eectiopioie ic 
values. 

In Table II we have compared all average values obtained by the chemical 
method with those obtained by electrophoresis. It can be seen that the average 
difference between the two methods does not exceed 10 per cent for any fi ac- 
tion. Electrophoretic values depend on the particular buffer used and some 
fractions may vary as much as 60 per cent in successive determinations on the 
same sample with different buffers. The agreement between the electrophoretic 
and precipitation methods appears to be satisfactory. 

The agreement between individual electrophoretic and chemical results 
was somewhat poorer for the animal sera than for the human. It appears likely 
that this resulted from the necessity of removing fibrinogen by the use of clot- 
ting thrombin before the samples could be analyzed. 10 

In addition to its general availability, the chemical method has one ad- 
vantage not shared by the Tiselius procedure. Since the biuret method employed 
for the individual determinations estimated protein alone, other substances of 
lipoid or carbohydrate nature which migrate with protein fractions are not 
measured. In the Tiselius apparatus, values for such protein-hound substances 
are included in calculating the percentage composition of the various fractions. 
On the other hand, the Tiselius method provides a direct check on the purity 
of the individual fractions in the schlieren diagram; and it also permits deter- 
mination of subfractions of the major globulin fractions. 

•We have been requested to withhold individual electrophoretic analyses of the animal 
samples as these form a portion of studies to be published separately. 


iuod true albumin plus alpha globulin, and that the “globu- 




•Gaults from one normal and tlnee abnormal seia. 
lesults from three sheep, one horse, and one poicine seia. 
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SUMMARY AND CONCI.USION 

A precipitation method for the fractionation of sera is described. This 
method gives values for albumin and alpha, beta, and gamma globulin which 
show good agreement with those obtained by electrophoretic analyses. 
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SODIUM AND POTASSIUM DETERMINATIONS IX HEALTH 

AND DISEASE 


T. P. Marinis, M.D., E. E. Muiriikad, M.D., Frances Jones, B.S., M.T., 

and J. M. ILee, M.D. 

Dallas, Texas 

T HE data in this report will he presented in three segments: (1) the con- 
centration of sodium and potassium in the sera of 107 normal adults, 
(2) the results of various recovery experiments, and (J) several eases demon- 
strating the clinical application of sodium and potassium dctei initiations. The 
flame photometer 1, - offered a rapid means of accurately determining the con- 
centrations of these ions. 

APPARATUS 

The flame photometer used in these observations was the Perkin-Elmer 
instrument, Model 18. The recommended technique was followed. 2 The burner 
was fed natural gas from the city mains via the recommended constant pres- 
sing adjustment. The air pressure leading to the atomizer was maintained at 
14 pounds. Two adjustments were necessary in relation to these features of 
the instrument before constant reproducible readings were obtained. By trial 
and error method the aperture of the jet giving the most constant readings was 
found to be 0.8 millimeter. This 0.S mm. aperture was made by soldering a 
thin sheet of brass over the opening of the larger jet supplied and gradually 
reaming out a hole that would produce a flame of maximum heat without 
“feathering” (that is, loss of the small blue cones above the burner grill). 
Second, a moisture trap was placed in the air pressure line to keep chemically 
contaminated moisture away from the flame. 

It is understood that improved instruments which circumvent these diffi- 
culties will be available in the future. 3 

NORMAL SERUM SODIUM AND POTASSIUM VALUES 

Serum Xa and K concentrations were determined on 107 normal, ambula- 
tory adults (blood donors). Most of these subjects had been at rest more than 
twenty minutes prior to the collection of samples. The samples were taken 
at the end of the blood collections in the blood bank and consisted of the last 
column of blood in the collecting tube. This blood -was allowed to drain by 
gravity into a test tube after withdrawal of the needle from the vacuum bottle. 
Test tubes previously were rinsed scrupulously with sodium- and potassium-free 
distilled water. The clot was allowed to contract and the serum was obtained 
by centrifuging. 

The actual analysis for sodium or potassium was simple. For Na, the 
serum was diluted 1 :100 with distilled ivater. The instrument was set at zero 

Prom Clinical Pathology Department, Baylor Hospital. 
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with the same distilled water ami at 100 with a standard sodium solution. 
The standard used contained 50 ppm of sodium in the form of pure NaUl. 

The sodium eonecntralion was obtained hy the equation f. = j’T" A Hh) 
where C„ is the eoneentration of the unknown, (J, the e.oneenlration of the 
standard, R u the reading of the unknown, and U, the reading of the standard. 
The equation is based on a linear relationship of dilutions of the 50 ppm stand- 
ard with the instrument used (see Tahir. Vt). The K eoneentration determina- 
tion was similar. The serum was diluted 1 :10 with distilled water. The stand- 
ard KCl solution contained 100 ppm of K. 



FiS. 1. — Mean, J41.0 men. per liter; standard deviation, 3.0 meq. per liter. 



Tables I and II contain the frequency distribution for the sodium and 
Po assram determinations respectively. For the serum sodium values the fol- 
ding figures m milliequivalents per liter were determined: range 135,5 to 
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153.2; mean 144.0; standard deviation (<r) 3.G; coefficient of variation, 2.5 
per cent. The potassium values in milliequivalont per liter were: range 3.G x 
(5.2; mean 4.52; standard deviation 0.45; eoefficient of variation 9.9 per cent. 
For comparison Table III shows the normal ranges as reported by other methods. 


Table I, Frequency Distribution ' • Normal Serum Sodium Determination's 


XA 


(MKQ./L) 

NO. 

135.5 

i 

137.5 

9 

139.5 

o*> 

1-11.5 

29 

113.5 

30 

117.5 

13 

119.5 

1 

151.5 

O 

153.5 

o 

Table II. Frequency 

Distribution; Normal Serum Potassium Determinations 

K 


(MEQ./I.) 

NO. 

3.G 

i 

3.9 

ii 

1.2 

2S 

4.5 

30 

l.S 

20 

5.1 

• 9 

5.4 

5 

5.7 

0 

o.o 

1 

0.2 

1 


Table III. Normal Ranges as Reported by Other 

Methods 


NORMAL 





SERIJM 





DETERMIXA- 

i RANGE j 



TIONS 

XA 

■ an 


AUTHOR 

NO. 

(meq./i.) 


METHOD 

Kramer and TisdalD 

10 


l.S -5.1 

Unasked serum 


10 


1.0 -5.1 

As lied serum 

Meyers and Short 5 
Atehlcy, and others 0 

i 

0 


3.0 -1.0 

3.1 -5.2 

Ask method 

Precipitation metkod 

0 

111.2-110.5 


Gravimetric metkod 

Rourke" 

11 

113.9-150.S 


Iodomctric metkod 

Kramer and Tisdall 8 

17 

110.1-152.1 


Direct gravimetric 


115.0-150.0 


Asked 

Consolazio and Talbott 5 

37 

135.0-113.0 

3.SS-5.5D 

Electrodialysis 

Consolazio and Talbottm 

11 


3.95-7.11 

Titration 

Sunder man 11 

10 

133.0-137.3 


Gravimetric metkod 

10 


3.S -1.3 

Titrimetric 

Hald* 2 

S 

131.2-111.0 

3.1 -0.3 

Dry ask metkod 


3 

139.0-112.1 

1.3 -5.0 

Colorimetric 

Albanese and AVagner« 

0 


3.7 -5.G 


STANDARDIZATION OF ANALYTICAL PROCEDURES 

Table IV contains data on estimations of sodium concentrations. Sixteen 
separate samples of serum from normal adults were divided into four groups 
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of four each. The following amounts of sodium in miliie<|uivalent, per liter 
were added : 2.17 to the first group, It ). 80 to the second, 21.7 to the third, and 
43.4 to the fourth. The fourth column in the table gives the expected theoretic 
amounts to lie recovered, and the fifth column gives the actual quantities do 
tennined by the flame photometer. The deviations observed are given in Col- 
umn six. 

Table IV. Rr.covi.uY or Sodium Added ro Xokmai, II cm ax Skiujm 





theoretic 




ORIGINAL 


NA CON- 

recovery 



VALUE 

na added 

CKNT1IATION 

VALUE 

DEVIATION' 

SAMPLE 

( MEQ./L.) 

(MElJ./U) 

( MEQ./l..) 

( MEQ./L.) 

(MEQ./L.) 

1 

1 11 .:! 

2.17 

1 i:s. 17 

) i i.:5 1 

4 0.87 


1 1.1.7 

2.17 

117.87 

1 49 .:: 1 

4 1.4 7 

■I 

1 17.8 

2.17 

1 f 0.07 

110.00 

+O.O:: 

4 

13U.il 

2.17 

11.5.07 

110.00 

-3.07 

■1 

14(».7 

10.81 

117.11 

110.10 

-1.11 

n 

113.0 

10.83 

11:5.81 

133.90 

+0.05 

7 

1-10.1 

10.83 

130.91 

111.00 

-1.35 

s 

141.0 

10.81 

111.11 

J17.S0 

+2.35 

>1 

10 

14:5.11 

21.70 

1 0 . 1 . 0 b 

102.00 

HW: 

140.1 

21.70 

107.80 

100.90 

-0.90 

11 

140.1 

21.70 

107.80 


-3.10 

12 

143.7 

21.70 

107.40 

100.10 

-1.30 

12 

141.7 

4.5.40 

189.10 

190.20 

+1.10 

14 

143.2 

43.10 

ISs.OO 

180.10 

-2.50 

15 

148.0 

415.40 

192.00 

181.40 

-7.00 

1G 

140.3 

4 : 5.10 

192.70 


+0.30 


Table V. Recovery or Potassium Added to Xokmad IIumax Seisuji 


SAMPLE 

ORIGINAL 

VALUE 

(MEQ./L.) 

K ADDED 
(MEQ./L.) 

THEORETIC 

K CON- 
CENTRATION 
(MEQ./L.) 

I 

RECOVERY 

VALUE 

(MEQ./L.) 

DEVIATION 

(MEQ./L.) 

1 

4.90 

1.92 

0.82 

7.00 

+0.18 


5.30 

1.92 

7.22 

0.90 

-0.32 

3 

5.00 

1.92 

6.92 

7.50 

+0.52 

4 

5.40 

1.92 

7.32 

7.40 

+0.08 

5 

5.00 

3.84 

S.S4 

9.20 

+0.30 

G 

0.20 

3.84 

10.04 

10.50 

+0.40 

7 

4.G0 

3.84 

8.44 

S.70 

+0.26 

8 

4.70 

3.84 

8.54 

8.20 

-0.34 

9 

4.90 

7.08 

12.58 

12.30 

-0.28 

10 

4.70 

7.08 

12.38 

12.90 

+0.52 

11 

0.30 

7.08 

13.98 

13.50 

-0.4S 

12 

5.30 

7.08 

12.98 

12.70 

-0.28 

13 

4.60 

11.52 

10.12 

15.80 

-0.32 

14 

5.20 

11.52 

10.72 

16.10 

-0.62 

35 

4.50 

11.52 

10.02 

15.00 

-0.42 

10 

4.70 

11.52 • 

10.22 

16.10 

-0.12 


Table V has identical information concerning the sixteen samples with 
reference to the potassium concentration in milliequivalent per liter. 

The deviations observed in these determinations are considered to be within 
t re variations of standard clinical laboratory tests and indicate a satisfactory 
c mical applicability of the procedure. 

In the next group of observations variations in the concentration of the 
standard solutions were made and recovery was tested. With Na (Table VI) 





1212 


MAKIXIS, AIUIICIIKAD, JONHS, AND HILL 


a standard of 50 ppm was used. The instrument was set at 1.00 with this solu- 
tion and dilutions of the solution were tested for recovery. Three different 
groups were tested. Table I'll has the same type of information with Iv 
standard solutions containing 100 parts per million. The observations in these 
groups indicate a degree of recovery which is quite satisfactory for clinical use. 


Table VI. Pkoportio.valitv or 1 *iiojomi:ti:k Headings to Varied Concentrations or Somcsi 


Griour 

[ concentration , 
1 by weight 
! (ri'M) 

HEADING ON 

PHOroMETEK 

1 

RECOVERY | 

(I'CM) i 

DEVI U ION 

(mi) 


.10 

1 00.0 

30.0 

0.0 

* 

-10 

so.o 

11.3 

1.3 

I 

:;o 

01 .S 

32. 1 

2.1 


20 

10.1 

20.0 

0.0 


10 

22.3 

11.1 

1.1 


30 

100.0 

30.0 

0.0 


10 

SI . 2 

10.0 



::o 

03.2 

31.0 

1.0 

II 

23 

32.3 

20.1 

1.0 


20 


21.3 

1.3 


13 

OO O 

10.1 

1.1 


10 


10.1 

0.1 


30 

300.0 

30.0 

0.0 


10 

SI . 2 

■10.0 

0.0 

III 

30 

00.3 

30.1 

0.1 


20 

10.2 

20.1 

0.1 


10 

20.0 

10.3 

0.3 


Table VII. Proportionality of Photometer Readings to Vabied 
Concentrations of Potassium 



CONCENTRATION 





liY WEIGHT 

READING ON 

RECOVERY 

DEVIATION 

GROUP 

( PPM ) 

PHOTOMETER 

( PPM ) 

(PPM) 

100 

1 00.0 

100.0 

0.0 

75 

75.2 

75.2 

0.2 

50 

50.0 

50.0 

0.0 

23 

21 .S 

21 .S 

0.2 

I 

20 

20.3 

20.3 

0.3 

15 

15.1 

15.1 


10 

10.0 

10.0 

0.0 

" ' Too 

100.0 

100.0 

0.0 

75 

71.7 

71.7 

0.3 

50 

52.2 

52.2 

0.3 

IT 

25 

21.9 

21.9 

0.1 

15 

15.0 

15.0 

0.0 

5 

•1.9 

1.9 

0.1 

" Too 

100.0 

100.0 

0.0 

75 

71.9 

74.9 

0.1 

50 

50.3 

50.3 

0.3 

TTT 

23 

21. S 

21. S 

0.2 

20 

20.0 

20.0 

0.0 

15 

15.1 

15.1 

0.1 

10 

10.1 

10.1 

0.1 


The influence of the dilution of the serum on the concentration values was 
tested for Na and is related in Table VIII. Greater variations were observed 
in this group of observations than in the former group. The 1 GOO dilution 
seemed preferable because of higher and more stable readings. 
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T.uii.k VIII. Knr.er of Dii.lhos ok Suti’M on the PuoroitiiONAi.irY ok Photometer 
Readings io Coni kn iuations ok Sodium 


SERUM 

1:100 1 
mu* i ion 

0.5:100 

dilution 

DEVIATION 

! READING 

| Ml «}./!.. 1 

1 lHADINT. | 

MI.Q./l,. | 

MEQ./L. 




1 1 1 HTWIM 1 1 i 

135.2 

»> 





161.3 

3.7 




*5 nlf 'k ~Z & 

153.9 

1.3 





130.9 

6.9 





1 16.5 

0 2 


Next, duplicate samples were tested for their potassium concentration. 
The results, given in Table IX, were quite satisfactory. 


CLINICAL APPLICATION 

The pertinent features of several cases are presented as illustrations of the 
applicability of this procedure to routine clinical use. 


Tabu: IX. Consistency ok Prri.ic.m: Results 


10 

11 

12 

13 

14 

15 
1G 
17 
IS 
19 



SAMPLE 

| HEADING 

! MKQ./L. | 

deviation (mkq./l.) 


l.V 

13.1 

'> *> 



IB 

13.3 

3. V 

0.1 


2.V 

16.0 

4.1 



2B 

16.2 

1.2 

0.1 


3 A 

17.5 

4.5 



3B 

17.1 

4.1 

0.1 


4 A 

11.9 

O.b 



IB 

14.8 

3.S 

0.0 


5 A 

16.7 

4.3 



5B 

16.7 

1.3 

0.0 


6 A 

12.2 

3.1 



6B 

12.3 

3.2 

0.1 


7 A 

13.3 

3.1 



7B 

13.0 

3.5 

0.1 


8 A 

19.0 

4.9 



SB 

19.0 

4.9 

0.0 


9A 

17.4 

4.5 


9B 

17.2 

4.4 

0.1 




Table X 






URINE 




BLOOD UREA 

SERUM NA 

SERUM K 

VOLUME 

URINE NA 

URINE K 

day 

(mg./IOO c.c.) 

(MKQ./L.) 

(MEQ./L.) 

(c.c.) 

(GJ1.) 

(GM.) 

2 

107 

144 

7.2 

12 ~ ~ 

3 

186 



30 

4 

200 

146 

6.4 

74 

5 

245 

137 

5.1 

39 

6 

338 



100 

7 

458 

135 

5.4 

124 

8 

475 

130 

5.9 

206 


406 

435 

458 

329 

279 

169 

85.3 

76 

64 

53 


135 

132 

138 

129 

142 

145 


4.6 

5.0 
4.4 

5.1 

4.3 

4.4 


540 

1480 

2300 

6670 

8770 

6840 

6425 

5950 

3660 

6685 


1.4 

2.86 

4.59 

16.68 

19.4 

19.35 

8.45 


0.16 

0.166 

0.62 

2.35 

2.2 

1.85 

0.67 
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M MUMS, MUIKlir\I), JON'Iti, \N 1 > IIILS. 


Cnst 1 — The patient was I) ncgitive (1th m "alive) ami had been immunized to the 
D antigen by two pregnancies After the -eenml delivery she meived .ISO i t. of D po~iti\e 
blood. A severe humolvtu, leaction on urrcd am! was followed In severe read lnsufticiency 
(oliguiia, heme vasts, a/otemia, hypertension, etc ). llvponatreini i developul hut wli pro 
vented trom heeoining extreme In XallCO, therapy, The K tom entratnm w.is elevated at 
hist but dropped to nornul levels latt r. Table X lontuiH the d ita related to Xu and K 
The average XallCO, intake per day pitot to the diuresis was t grams During the 
duuesw attempts were made to replate the X'a and K lent on a gram per gram lnsi*. 

Case 2 — The patient experiem td extreme postpartum bleeding winch ntce-sit ited a 
hvsterettomx It x poteusum existed for lifty one hours and was followed by renal insulin nun v 
A "forte lluids” regime lid to water intoxu ation. When seen eight days after the hypo 
tension an al irmtngly high setutn potassium eomentration was observed Twenty gnum 
of XallCOj were qtiuklv giv en lev stom ith tul)i>, followecl In 130 e.e. of a per cent XaCl 
solution by vein in two doses The K value receded from the danger level and the Xa con 
centratiou was elevated Table XL presents dnt v on this ta-e. 


Tan i e XI 


BVY 1 

BI OOD UKE V 1 

(MG /100 C C.) 

SEUUM XA 
(MLQ /if ) 

SU.OM X 
| (M1Q./I. ) 

U.I\L 

■voiijaie 

(cc.) 

1 

UIINEM ! 

(Oil.) ! 

K 

HS&aS 

i 




170 



0 

no 



.>73 



.1 




300 



i 

230 



515 



3 




055 



<i 

221 



1071) 



7 

215 



O10r 



b 

209 

US 

10 5 

1200 

1 11 

0 03 

9 

291 

125 

1. 1 

•2200 

l.v> 


10 




3000 



11 

>53 

1.47 

5 0 

4700 



12 

170 

lo7 

1 1 

5000 

0.7 

33 

13 

j;o 

15! 

> » 

) >00 




This patient died on the fourteenth do\ and an autopsy demonstrated severe and 
generalized bum damage The kidneys were rtcovermg s itisf.u torily .it the time of death 
The patient was in fluid bul inte except for n lowered K tomentration which was being 
corrected. 

Case 3 — This patient had a Lx debt it following a puti.d gastrectomy with posterior 
gastrojejunostomy. There vv is a poorly functioning stoma and vomiting was prolonged 
lie had received dextiose solution by vein daily. lie was treated with IxCl * The diag 


Tvbll XII 


posxoper vnvE 
DAY 

SFKliJr K 
(MEQ /L ) 

SEr.UM A V 
(M EQ/Jf ) 

12 

o 


14 

3 0 

110 0 

15 

3 S 


10 

39 


17 

42 


19 

4 3 


20 

45 


21 

4 5 


23 

10 



IHEKVPY VXD COLhSE 


Muscular vveikness, hyperactive 
reflexes, irrational 
Clinical improvement after 
10 cc 15% KCl IV. 

25 c c 13% KCl I V 
20 ec 15% KCl I.V. 

Stoma functioning, considered 
in fluid balance 


Four days precious to hospital 
discharge 


By Dr 


Louis Krtgel (Resident in Surgeiy) and Di. Carl Moyer (Consultant). 
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nottfs* were (1) extracellular volume delieit with alkalosis ami relative water excess and 
(2) relatively severe potassium deficit. Tin* 1C values are shown in Table XII. 

CW /.—This was a ease of tlnid imbalance following a partial giiMieetonty with 
Polya-Ualfonr anastomosis. On the seventh po-t-operative day a diagnosis of extracellular 
lluiil delieit with a relative water e\ee-s was nnnle l»y the surgical stall - . Kierpient seraiii 
Xa and K determinations along with the clinical signs facilitated the handling of this ease 
with hypertonic XaCl solution. The data are shown in Tnlde Xllf. 


t.vih.k xiir 


POSTOPERATIVE 

DAY 

.SKK PM NA 
(MEQ./L.) 

ski; pm ic 

(MEQ./L.) 

THERAPY A SI) COURSE 

0 

■mQHH 



7 




s 




10 










Table XIV 



HOSPITAL 

DAY 

SERUM XA 

SERUM K 
(MEQ./L.) 

24 HOUR GASTRIC 
ASPIRATIONS 
(GM.) 

24 HOUR URINE 
(CM.) 

NA | 

K 

NA 

K 

12 

149.6 

3.6 





14 



.293 

.039 

.975 

.510 

18 

150.3 

2.7 

1.2S7 

•5S0 

.SSI 

.593 

19 



.010 

.138 

1.330 

.519 

20 



.lOS 

.094 

1.990 

.740 

21 



1.103 

.119 

2.130 

1.3G0 

24 



1.S49 

.391 

2.820 

1.070 

25 



1.310 

.764 

1.9S0 

1.221 

26 



1.330 

.GS3 

2.073 

1.170 

38 

, 146 

4.2 






Table XV 


DAY 

SERUM XA 
(MEQ./L.) 

SERUM K 
(MEQ./L.) 

i 

115.7 

0.7 

2 

120.5 

5.4 

3 

135.0 



Table XVI 



SERUM XA 

SERUM K 

DAY 

( meq./l.) 

(MEQ./L.) 

6 

148 

432 ~ 

13 

135 

5.1 

15 

141 

4.1 

IS 

139 

4.4 


Case 5 .— This ease was one of chronic pyloric obstruction secondary to duodenal ulcer. 
There were Xa and IC determinations of the serum, gastric contents, and urine. There was 
a persistently low serum K concentration without any clinical signs of K deficit. After three 

weeks a gastroenterostomy was performed; recovery was uneventful. Table XIV presents 
the data. 1 


•Made by Dr. Moyer. 
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MAHIXIS, 3HTKIIEAD, JOXKS, AM) IIIU, 


Cii.ie 0 . — A patient with AddLon’s disease nan studied during the terminal cri-ia. 
The values of Iv and Xu during' the last three days are shown in Table XV. 

Case 7 . — A patient with adenoeareinoma of the stomach was studied during the post- 
operative period. The normal values obtained are shown in Table XVI. 

SUMMARY 

1. A series of observations of the concentration of Na ami Iv in body 
fluids has been made using the flame photometer technique. 

2. Determination of sodium and potassium in the blood sera of 107 normal 
blood donors was made. The average for sodium was 244.0 nteq. per liter, with 
a range of 135.5 to 153.2 nteq. per liter. Tito average for potassium was 4.52 
meq. per liter, with a range of 3.6 to 6.2 nteq. per liter. 

3. Recovery experiments, duplicate determinations, and distribution curves 
of normal values indicate satisfactory accuracy for clinical use. 

4. The presence of sodium, and also potassium, in the blood sera of several 
patients with various diseases was determined. 
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Wo., W. M.O., ANN,: Now. uu., «•')., .sn„ U,au: M imrr, MV. 

Di.ruoiT, -Mich. 

T TXDEU the term megaloblastic anemia of lnlaiiey we h ‘ U< ^ .Jijo'ne marrow 
U senbed an anemia eharaeteri/.ed by changes m * e ’ 1 * 1 response 

resembling those of Addisonian pernicious anemia am iy d ■ tlulies ot- 

to folie acid . 1 ' 3 The present report deals with ll.c re.ii s o s <nul s tud c o 
the hone marrow which were undertaken ... pat.enla with tins ty e oi < » on. a 
for the purpose of elucidating the meehan.sms underly.ng t 1 ^ ent 

the megaloblastie dysplasia and its disappearance under specific I y. 

MATUUAI. \NU Ml.HIODS 

Our iiiuteri.il consisted of fttteo" | AlMho patients 

a period of twent} one months at the Chil.lrei , , Ventures wore 

were white infants ranging '■* age from live | J® tUr(ie instances scurvy 

not characteristic. Usually there were signs o ’ .l.lnrhvdria at the time 

was noted. Elos on of the fifteen patients had histamine resistant achlorhjdr.a at the tin 

therapy was begun. Maerocjt.e anemia of vnrv.i.g degree was p esen t in all cases.. 

‘-S*- ijk >■» ' ! even 


percentage of reticulocv tes was variable and hi -- r.f svholp 

before therapy. Prior to folic acid therapy six patients received tra isfus.ons of whole 

blood and two others, transfusions of saline suspemle wasic re c . varying 

administered by intramuscular injection ... all but two instances, the daily Kjm 
from 10 to 100 mg. and the total dosage, from 50 to 000 milligrams, lho ^erage course 
of treatment consisted of two daily injections of 10 mg. over a period of oneweek To 
two patients folic acid (. Lactobacillus case, factor) was given by mouth in dualy doses of 


5 mg. for ten day periods. Since it was e\ 


ident that there was no appreciable difference 


in the response between patients receiving lower and higher dosage within the range given, 
no further reference to dosage will be made. In every case a characteristic increase « 
reticulocytes, up to 23 per cent, took place around the fifth day after the start of therapy, 
regardless of the initial degree ot icticuloeytosis, and hemoglobin and red cell counts rose 

significantly. _ _ 

Daily' complete blood counts and reticulocyte counts were made Bone marrow was 
aspirated from the femur, and occasionally from the upper end of the tibia. In eae l m 
stance at least one marrow sample before and after treatment was taken and in some 
instances as many as six serial examinations were made. A measured amount of marrow 
was withdrawn, usually between 1.0 and 2.0 c.c., although occasionally more or less mairovv 
was accidentally obtained. The samples were placed in parafhn tubes containing heparin. 
One cubic centimeter was transferred into a Wint.obe tube, centrifuged foi five minutes 
at 3,000 r.pm, and tlio height of the vuuous layers was recorded. The myeloid erythroid 

~ Prom the Anemia Clime of the Children's Hospital and the Departments of Pediatries 
and Pathology, Wayne University College of Medicine 

Read before the First Regional Meeting of the American College of Pathologists, 
April 9, 19 17, Indianapolis, Ind 

This study was suppoited by a grant from the Children’s Fund of Michigan. 

Received for publication, July 19, 1917. 

•Clinical data on nine of these patients were included in our earlier reports 5 3 
tSynthet c folic acid was obtained through the courtesj of Ledcrle Laboratories, Inc, 
Peail River, N Y. 
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ZUELZER, XEWIIALL, .VXD HUT APE 


Tabu: I. Blood, Bose .Marco w, asi> Gastric J pick Beioke Tiiekai-v 


CASE 

| INITIAL B .0011 HXDI.VCS 

| INITIAL MARROW FINDINGS | 

PRESENCE 
OF MILE 

II CL 

AFTER 

II LSTAMl.NL 

1IEMO- 
C.I.OI1IN 
(CM./ 
100 C.r.) 

ii.u.c. 

(Mir../ 

C. VI 31.) 

RETICULO- 

CYTES 

(7c) 

MAItliOW' 

ASITIIAIEI) 

(c.c.) 

MYELOID* 
hK\ THROID 
LAYER 

(VO I. 7c) 

J-RYTHKOID 
LAY! 11* 
(VOL. %) 

1 

5.0 

1.12 

1.0 

1.0 

2.0 

0.7 

0 

O 

1.9 

1.19 

0.9 

1.3 

1.0 

2.0 

0 

3 

G.St 

2.52 

0.9 

2.25 

20.0 

9.0 

+ 

1 


2.25 

3.1 

1.5 

30.0 

11.1 

0 

5 

3.5 

1.12 

0.1 

J 

2.0 

1.0 

0 

0 

1.7 

0.30 

0.3 

0.7 

0.01 

0.000 

0 

7 

5.S 


0.7 

1.51 

10.5 

1.5 

0 

s 

S.3 

2.53 

2.7 

1.1 

12.0 

3.2 

+ 

9 

0.(3 


2.7 

«> •> 

5.0 

1.8 

0 


777 

2.75 

JiS 

2.0 

20.0 

13.9 

+ 

11 

5.0 

1.33 

1.3 

2.25 

2.0 

O.S 

0 

12 

(3.2 

2.40 

1.0 

2.25 

5.0 

1.0 

} 

13 

7.8 

2.30 

0.(3 

2.0 

15.0 

4.1 

0 

14 

4.2 

0.S9 

1.2 

3.0 

3.(3 

0.9 

+ 

15 

6.2 

2.11 

3.7 

1.1 

7.5 

3.3 

0 


•Calculated from the proportion of erj throblaata obtained In a differential count of 000 
nucleated cell&. 

tAfter transfusion. 

$Not examined. 

layer was then thoroughly mixed on a pa ratlin-coated wutcliglais and films made from it 
were stained with Alay-Gruenwald-Giem.sa. In each case :t dilTuiential count of at least 
500 nucleated cells was made, using the nomenclature of Downey 4 and .Tories.^ In addi- 
tion, a count of 500 ervtliroblasts was made for each aspiration in eleven instances and in 
eight of these 100 mitoses in erythroblnsts were classified for evert sample. 

QUALITATIVE CHANGES 

Changes Before Therapy . — In six of the fifteen patients crythropoiesis was 
frankly megaloblastic. * As a rule the proportion of basophilic cells was high. 
This “shift to the left" in the maturation curve of the erythroid cells was 
paralleled by a relative increase in the number of mitoses encountered in 
basophilic cells. In examining many fields the total number of mitoses rarely 
appeared significantly increased and in some instances was clearly depressed, 
but actual counts were not made because the incidence of mitotic figures in 
only 500 cells would not have been significant. The mitotic figures were often 
distinctly pathologic. The chromosomes frequently appeared abnormally long 
and slender, the polarity of the mitotic spindle was often distorted, and aber- 
rant chromosomes were common. Ivaryorrhexis and karyolysis were often pro- 
nounced. The granulocytes showed alterations in size, nuclear configuration, 
and cytoplasm indistinguishable from those seen in pernicious anemia. 

In seven other patients classic megaloblasts were also present in fair num- 
bers but did not constitute the majority of the erythroid cells. The piedomi- 
nant cell type, although closely resembling the megaloblast, failed to meet the 
strict criteria given by Jones 5 and others, yet these erythroblasts were dis- 
tinctly abnormal and different from normoblasts. In the course of our studies 
it soon became evident that the current nomenclature of marrow cells which 
implies two types of crythropoiesis was inadequate for our purpose. It would 

♦For illustrations see our earlier communication 3 
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have forced us to place pathologic cells in the category of normoblasts simply 
because they did not correspond in every detail to megaloblasts. We there- 
fore temporarily adopted the term “intermediate” for erythroid cells which 
we could not otherwise classify. We do not wish to imply that these cells 
represent a separate type of erythropoiesis but merely to indicate that morpho- 
logically they occupy a middle position between typical normoblasts and typ- 
ical megaloblasts. 

The cells of the intermediate type were large, usually as large as megalo- 
blasts and always significantly larger than normoblasts. The ratio of cyto- 
plasm to nucleus was often increased. The nucleus had an increased amount 
of acidophilic matter and the chromatin net was much finer and more regular 
than that of the normoblast but still slightly coarser than that of the classic 
megaloblast. The open structure of the nuclear chromatin persisted in the 
later, acidophilic stages of cell development, and in the more mature forms 
differentiation from megaloblasts became indeed almost impossible. As in 
typical megaloblasts, abnormal mitoses, irregular chromatolysis, and pro- 
nounced karyorrhexis were common features of these intermediate cells, and 
many of the nuclei, especially those of the later stages, had bizarre shapes and 
showed extreme lobulation. 

We concluded that this intermediate type of erythropoiesis represents an 
early stage of megaloblastic transformation of the bone marrow. AVe were led 
to this view by the following observations: 

1. The cells designated as intermediate resembled megaloblasts in all but 
the finest cytologic details. 

2. At least a few, and often numerous, classic megaloblasts were always 
found when erythropoiesis was of the intermediate type but were never seen 
by us in normoblastic marrows. Conversely intermediate cells were nearly 
always present when megaloblasts predominated in the marrow. 

3. The actual progression of megaloblastic transformation was observed 
in one patient (Fig. 1) where specific treatment was deliberately withheld for 
one month after the initial marrow examination had shown an intermediate 
type of erythrogenesis. At the end of that time the anemia had recurred and 
a second marrow specimen showed a considerable increase in classic megalo- 
blasts. 

4. In every case where intermediate erythroblasts predominated in the 
marrow the abnormalities seen in the granulocytes were the same as in cases 
"ith a frankly megaloblastic picture. AVe have not seen this type of leuco- 
Poiesis in other conditions. 

5. A specific effect of folic acid was demonstrable in every instance and, 
as will he shown the response followed the same pattern as that of the first 
group (Fig. 7). 

These observations suggested that the megaloblastic transformation of the 
mne marrow is a gradual and progressive change in which the appearance of 
ypieal megaloblasts and promegaloblasts is a relatively late event. Our find- 
ings seem to indicate that the process may be recognized in its earlier stages 
y ie a PPbcation of more liberal criteria in regard to erythrogenesis. Even 
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Fig. 3.— Case 8. Qualitative changes in crj thropoiesis in response to folic acid. 


Changes After Therapy — In studying the marrow response to folic acid 
an attempt was made to obtain an over-all picture by taking samples at dif- 
ferent intervals after the start of therapy. Therefore, the specimens taken 
from different patients were not always comparable as to the time when they 
were taken, but ranged from twelve hours to twenty-nine days, with most of the 
samples obtained in the first five days after treatment. Since it soon became 
evident that most of the significant changes took place during that period only 
a few observations were made in later stages. 

Our only twelve-hour specimen came from a patient with a characteristic 
megaloblastic marrow pattern (Fig. 3). Before treatment almost no normo- 
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blastic cells were present. After twelve hours a significant change had oc- 
curred. Megaloblasts were still present but the vast majority of the cells lmd 
undergone a distinct change in appearance. Again, since tiiey could not other- 
wise be classified, these cells were designated as intermediate in type. A small 
number of basophilic normoblasts was noted at this time. 

At twenty-four hours the marrow of the same patient showed few megalo- 
blasts and virtually all of these were acidophilic cells. There was a marked 
increase in basophilic and polychromatic erythroblasls which still did not ap- 
pear entirely normal but closely resembled normoblasts. Simultaneously an 
appreciable number of basophilic normoblasts appeared. Numerous mitotic 
figures were seen. 

At forty-eight hours erythropoiesis was typically normoblastic. There 
was a further marked increase in polychromatic erythroblasts. 

At ninety-six hours a shift toward more mature cells had become evident. 
Almost 30 per cent of the erythroblasts were cells with oxyphilic cytoplasm. 

Serial studies made on nine other patients showed a similar pattern (Figs. 
4 to 7).* On the basis of these composite observations the progression of mar- 
row changes in response to folic acid may be summarized as follows: The 
megaloblasts lose their characteristic structure, and in twelve to twenty-four 
hours the erythroblasts assume an appearance intermediate between that of 
megaloblasts and normoblasts. Typical normoblasts can already be seen in 
small numbers. Almost the only megaloblasts still recognizable at this time 
arc late, oxyphilic cells, and these disappear at the end of thirty-six hours. 
Two days after treatment has begun the transformation is virtually complete 
and the marrow is normoblastic. 

The change in the cellular characteristics is accompanied by an increase 
of basophilic and, slightly later, of polychromatic cells and by the appearance 
of numerous mitotic figures. In the following days there is a relative decrease 
in basophilic erythroblasts, a further increase in polychromatic cells, and a 
steady increase in oxyphilic cells so that the distribution of erytliroid cells 
gradually approaches the normal. 

The shifts in the maturation curves of the erythroblasts were rather closely 
paralleled by shifts in the distribution of the mitoses (Fig. S). Before treat- 
ment there was usually a relative increase in mitosis of basophilic cells and a 
corresponding decrease of mitosis in more mature erythroblasts. Following 
therapy an impressive increase in the proportion of polychromatophilic cells 
in mitosis took place (Fig. 9). This suggested that the earlier disturbance 
had affected mitotic activity chiefly at the level of the polychromatophilic 
erythroblasts and that one effect of specific therapy was the resumption of 
mitotic division at the normal level of cellular maturation. 

Our findings indicate that only the late, oxyphilic megaloblasts escape the 
effect of folic acid and are not transformed into normoblasts, presumably 
because they are past the stage in cellular development where multiplication 
occurs. These cells continue their maturation and probably leave the marrow 

*To save space additional graphs showing the pattern in the four remaining cases 
have been omitted since they have essentially the same features as those shown. 
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Fig. S.— Case 0. Shift in erythroid mitosis after therapy. 



Fig. 9 . — Trends of erythroid mitosis with therapy in eight cases. 
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as megalocytcs. The younger megaloblasts, on the other hand, seem to be 
transformed almost quantitatively into normoblasts, even those already in. the 
polychromatic stage. This is indicated not only by the enormous increase in 
polychromatic normoblasts early in the course of the response, an event which 
could hardly be explained by proliferation of the few residual normoblasts 
present before treatment, but more significantly by the virtually complete dis- 
appearance of megaloblasts in twenty-four to thirty-six hours. If the younger 
megaloblasts were not affected by the therapy but continued to mature as 
megaloblasts they should be demonstrable in proportionate numbers as oxy- 
philic megaloblasts in subsequent marrow samples. It appears likely, there- 
fore, that as late as the polychromatic stage megaloblasts can utilize the 
hemopoietic principle and resume normal mitosis and normal morphologic 
characteristics. 

Our observations on the evolution and regression of the megaloblastic 
pattern support neither the view that megaloblasts are normal constituents of 
the marrow nor the concept that these cells are genetically different from nor- 
mal erythroblasts and immutably fixed in their characteristics by the nature 
of their ancestral cells. Instead we interpret our findings as evidence that in 
the absence of hemopoietic principle erythroblasts undergo a progressive aber- 
ration in structure as well as function which is reversible except in cells 
permanently incapable of mitosis. This concept in no way detracts from the 
diagnostic significance of the megaloblast. 

QUANTITATIVE CHANGES 

We are well aware of the limitations of measurements in the cellularity of 
the bone marrow . 8 Nevertheless it seemed worth while to investigate the volu- 
metric pattern of the aspirated marrow in our patients to see if a constant 
pattern was demonstrable. In regard to the total cellularity before therapy 
this was not the case. Table I shows that the height of the myeloid-erythrokl 
layer in the initial samples was too variable to be significant in itself. However, 


Table II. Changes in the Myeloid-Erythroid Layer With Folic Acid Therapy 
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a substantial rise in the iiiyeloifl-ervthroid volume was observed after therapy 
in eleven of the fifteen patients, suggesting a signifieant trend (Table II). 

When the height of the myeloid-erythroid layer after centrifugation was 
recorded in volumes per cent and the proportion of erythroblasts determined 
by differential counts of 500 nucleated cells, the volume of erythroblasts could 
be expressed in per cent of the total sample, giving a sample measure of 
erythropoietic activity. Using these values we found rather good correlation 
between the initial erythroid cell volume in the marrow and the severity of 
the anemia (Fig. 10). Surprisingly enough, erythroid hyperplasia was the 
more marked the higher the hemoglobin; it was slight or absent in patients 
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Fig. 12.- 


-Case 6. The effect of folic acid on the height and constituents of tl jo mjeloid 

erythroid layers. 


with severe anemia. This behavior of the erythroid marrow cells is in contrast 
to that of uncomplicated pernicious anemia in the adult 7 and suggests a non- 
specific depression of erythropoiesis probably related to the presence of active 
infection superimposed on the deficiency of hemopoietic principle. 

When the erythroid cell volume alone was used as a measure of the re- 
sponse to therapy, a clear-cut increase was demonstrable in twelve of the 
fifteen cases (Fig. 11), a decrease in two (Cases 4 and 10), and no appreciable 
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, ■ . ,. n rh - indicates that, for the purpasc of a com- 

chnngti m one (Case Id). Hus tunl , tll i s measure 

parative stiulv at least, the method usci >. • ' . ' *l le total 

!l became evident that in two of ,he fnur an ,n win, ; a 

mvoloid-erythroid layer occurred alter theiapj m mc ‘ („ ran ulo- 

decrease in crytlnobteu bat In a deevense ol other n.nf.o o » 

,„cs ami lymphocytes). In one ,.f .he*-*. Kent U« 0 ^ 

actually increased significantl} in spite o 

erythroid volume. ,, , , 

* In some instances the rise in the volume of erythroid cells was muendo^. , 
amounting to a thirty fold increase in twenty-four hours in one patient I ,«,• -)• 
Of the two instances in which a drop oeeurred, one was m a palit ( “ 
whose blood showed rcticulocytosis of 8.2 per cent before treat,. ie. n ^ 
may have been at the beginning of a spontaneous 1 emission, n J . ’ 

the initial marrow had shown considerable erythroid hyperplasia bcioie 

treatment. 

There was „o apparel proporlionalily in our maternal between the extent 
of the increase and the maximal erythroid hyperplasm aehteved on the one 

hand and the reticulocyte response and hemoglobin i espouse on ie o • 

lack of correlation may he ascribed to a number of factors operating in 
patients; namely, the effects of transfusions, the presence o in ee ion an 
effectiveness of the treatment directed against infection the age differences 
the factor of prematurity in one instance (Case T), and the possi i e e ec s o 
coexisting deficiencies. 


SUMMARY AND CONCLUSIONS 

Serial studies of the hone marrow in fifteen patients with infantile megalo- 
blastic anemia responding specifically to folic acid theiapy as s own y ie ie 
ulocytosis and rise in hemoglobin and red cell counts demonstrated a spectrum 
of gradual and progressive aberrations in the appearance of the erythroblasts. 
The patterns ranged from predominantly normoblastic to frankly megaloblastic 
cells with many intermediate types which could not he classified in either 
category. The classic megaloblastic dysplasia is interpreted as only an ex- 
treme deviation from normal structure; earlier, less striking changes are sig- 
nificant as shown by the therapeutic test. By the use of more liberal ciiteiia 
regarding the classification of erythroblasts and by the recognition of con- 
stant and specific changes in the granulocytes of the marrow, the disturbance 
resulting from a marrow deficiency in hemopoietic principle can he detected 
before the classic megaloblast stage has developed. The lack of hematopoietic 
principle leads to a disturbance in mitosis, and specific therapy results in a 
prompt return to normal mitotic activity. 

Within twenty-four hours after the intramuscular injection of folic acid 
clear-cut morphologic changes take place in the marrow of these patients and 
a response in the peripheral blood can he predicted. Folic acid produces a 
prompt return to the normoblastic type of erythropoiesis. The immediate 
transformation of all but the most nearly mature megaloblasts suggests that 
the megaloblastic dysplasia of the individual cells is reversible so long as the 
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cell remains capable of mitosis. In the course oi' the transformation the path- 
ologic cells pass again through an intermediate stage. 

In megaloblastic anemia of infancy the total myeloid-erythroid volume of 
aspirated marrow samples shows no correlation with the degree of anemia and 
is not a reliable index of the response to therapy, but the calculated volume of 
erythroid cells shows a direct proportionality to the severity of the anemia 
and a significant rise in response to therapy. « 
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FOLIC ACID TI1EKAFY IN NONTUOFICAl, SlMtUB: KUSUI.TS OF 
TIIBAT.UBNT IN SBVBN CASKS 

j AM , » F. Wkik, M.D.. and Mandukd W. Comfort, M.I1 
Rouukstku, Minx. 

POURING the latter part of 1945 Spies and associates' reported 
D folic acid exerted a favorable induence on the course ol macrocj -tic anems 
Included in their study were patients with tropical sprue m whom the favoiabto 
response was not only hematologic hut also genera . ie sjmp on s 

to the alimentary tract in these patients also tended to subside when fol he ae d 
was employed. Subsequent reports include those ot Darby and of Spies an 
their associates 1 ' 1 and occasional instances of sprue in papeis o o lei 
who were chiefly concerned with pernicious anemia. 

Davidson, Girdwood, and limes 5 recently reported results of short periods 
of treatment with folic acid in ten patients with tropical sprue idiopathic 
steatorrhea, and celiac disease. They were primarily interested in the hemato- 
logic response which they found disappointing. The clinical response was excel- 
lent in the patients with tropical sprue and idiopathic steaton ea, JU impiove 
ment was lacking in the patients with celiac disease. Studies of fat balance 
were made before and after treatment in seven patients (including one with 
celiac disease). In only one patient was there improvement m absorption of fat 
Nontropical sprue is a condition characterized by diarrhea, steatorrhea, and 
other gastrointestinal symptoms, macrocytic anemia, glossitis, nutritional man- 
ifestations including loss of weight, weakness, hypocalcemia, osteoporosis, tetany, 
hypoproteinemia, edema, and other changes. These manifestations may vary 
considerably from patient to patient. The disease, furthermore, is charac- 
terized by a chronic progressive course and often prolonged remissions. Treat- 
ment in the past has been based chiefly on the use of a low fat diet and admin- 
istration of liver extract, calcium, and the various vitamins. In. general, the 
results of treatment have been disappointing. In most cases remission occuned, 
but the tendency to spontaneous remission has rendered the interpretation of 
the value of therapeutic agents most difficult. 

Stimulated by earlier reports of Spies and co-workers 0 our group has tieated 
seven patients who had nontropical sprue with synthetic folic acid. These 
form the basis for this report. The criteria of nontropical sprue were fulfilled 
in the opinion of the several consultants who saw the patients. None of the 
patients had lived in a tropical country. 

PLAN OF STUDY 

Control data were obtained before 'institution of treatment. The history 
included notes about the frequency, duration, and severity of the exacerbations 
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•The folic acid was kindly supplied by the Lederle Laboratories, Inc., Pearl River, N. Y. ' 
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and about the severity of the disease between exacerbations, including frequency 
and character of stools. Hematologic studies included sternal aspiration and 
examination, determination of the concentration of hemoglobin in grains, 
ei \ tluocyle, leucocyte, and reticulocyte counts, and measurement of tile crythro- 
ej tes uith an erythroeytometer. The concentrations of calcium, phosphorus, 
total protein, albumin, and globulin in the serum, as well as values for phos- 
phatase and prothrombin times, were determined. .Roentgenograms of the skull, 
hands, and teeth tor osteoporosis and of the small bowel to exclude ileitis and to 
i ieek for the so-ealled deficiency pattern were secured. Roentgenologic exam- 
ination of the small bowel was not repeated because changes during periods 
of improvement had not been observed in past experience. In four subjects 
the fecal solids, iat, and nitrogen were determined each day during the three- 
day test period while the patient was receiving a standard test diet of 101.6 Gin. 
of fat, 117.5 Cm. of protein, 269.(1 Cm. of carbohydrate, and 2,463 calories. 

n completion of the preliminary survey a diet was used containing 50 to 100 
Gm. of fat and 120 Gin. or more of protein and carbohydrates to raise the caloric 
intake to 3,000 to 3,500. Vitamins, including sufficient vitamin IC to control 
hypoprothrombinemia, were given. The dosage of folic acid usually was 50 
mg. daily by the intramuscular route. One patient received ISO mg. daily intra- 
muscularly for two weeks while another received only 15 mg. orally from the 
start. Hematologic and chemical determinations on the blood were made each 
week; the reticulocyte count was taken every other day. 

Five ol the seven patients were kept under observation at the clinic for 
four weeks or longer. On dismissal from the clinic the patients continued to 
take folic acid intramuscularly or orally, the usual vitamins, and. in most cases, 
calcium lactate in doses of 1 dram (3.9 f!in.) three times dailv. Some also sub- 
sequently were given liver extract. All were urged to use a high carbohydrate, 
high protein, low iat diet. The dosage of folic acid is indicated in the individual 
case reports and in Table I. 

Some of the patients subsequently returned for observation and hematologic 
and chemical studies on the blood. In two subjects the losses of fecal solids, 
fat, and nitrogen were determined after eight and twelve months of treatment 
with folic acid. In two others the fecal components could not be determined 
because of refusal of the patient or because of his condition. 

Each subject on his return home was requested to keep a diary in which 
was lecoxded the number of stools passed daily as well as other manifestations 
of the disease. 


Case 1. A 51-year-old man complained of diarrhea of forty months* duration. The 
stools were steatorrheal in type and averaged about three daily except during exacerbations, 
"’hen they numbered as many as ten and fifteen daily. He had lost much strength and 25 
pounds (11.3 kilograms). Ho tetany had been experienced. 

Ex-amination revealed undernutrition, for the patient weighed only 110 pounds (50 kilo- 
grams), and pigmentation of the skin. Free hydrochloric acid (20 units, by Topfer’s method) 
was found on gastric analysis. Roentgenologic studies revealed a so-ealled deficiency pat- 
tern in the small intestine.. When the standard test diet of 101.6 Gm. of fat and 117.5 Gm. 
of protein was used, the average daily loss of fat and nitrogen was, respectively, 41 and 5.S 
Grams. Stools averaged seven per day during the test period (Table II). An oral glucose 
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tolerance to-t pre-ented a ,1a. Mine. U.e for -emu, m Z 

Ami tlw albumin globulin iaUo was 1.1:1. ^rum . ,l ' lu "‘ jlir()( . >t ,., m „nl,,.rcd I,:i0() ( «0<) 
there were 12.1 dm. of hemoglobin l ll ‘ r 10,1 " l * „j ()1 . NttN ' (lenenil mucrocy tosis 

per cubic millimeter of blood. «» 1 l ,or "‘ n • , .„ m tnimu-ru- 

was pre-ent. The -Unul l»me , ..Arrow w.i- „or.m.hla-n. . 1 ol. ‘ l ‘ » not „ alII 

l.rly in 30 m-. d..-es e n 1. day. IbirmB V',1 ."u" m'tnhe of It, 000 to 3,300 calorie-, 

weight, -trength, or -en-e ol well being m -1< ' • - ( (<) , ne (1:uly . A t the end of 

Frequency of -tool- did not .bongo; the nuii.lH.-r .. < _ , in(1 ent hroevte- numbered 

this period the Milne for hemoglobin wa« U.o <■»>• I 1 ‘ ,, m . 0U iitured 

3,170,000 per cubic niillimeter. The hi”he-t retinilmjte 101111 was ... 

- the Jh day of the,,,, TUrou.liou, tli, period the 

“1 was 9.3 m, per 100 eubie centimeters. 

After di-nn— .il the patient continued the nutritious diet and daily “ 

lections of 30 mg. of folio acid. In spite ol tin- treatment he returned ... one month be 
o.m-e of au acute exaierb.it, on of the d,-e..-o . bar.,, ten/ed by abdoniinal pa n, ^nUon, 
diarrhea, vomiting, abdominAl tenderne-, and lo- of 10 pound- ( l.o kilograms . On txa 
.nation he was auiteh ,11 and gavo euden.e of dehydration, aeidos.-, and azotemia. 3 th 
correction of these conditions the mute symptoms subsided. He remained under ob-enat.on 
another month, during whnli time sidniiiiistr.it 1011 of the folie aeu was <011 inue< . 
a few pounds but mild d.urrhe. persisted. At the end of tins period the concentration of 
hemoglobin was 11.2 Gun, erMl.ro. ytes numbered 4.000,000, macroejto-,s persisted with cry thro 
lytometer readings of S and 8.4 M, and the value for serum proteins was 0.1 Gm. I>er 100 cubic 
centimeters. On dismissal he was instructed to take o0 mg. of folic acid daily y • 

Tin*, treatment was continued for six more months during whnli time ie pa len 1 
impro\e; nnld diarrhea with exacerbation** period u .ill \ continued, and gam in weig 
not occur. 

The patient then returned for further observation. At tins time the value for hemo- 
globin was 9.G Gm. ami erythro.vte- numbered 3,380,000. The general macroeytosm per- 
sisted. The ery threuytometer reading as 8.0 m, tl.e <on. cntration of serum protein was o 0 Gm. 
per 100 c.c , the albumin-globulin ratio was 1.1 : 1, and the value for serum calcium was 8 - mg. 
per 100 cubic centimeters. Average daily lo-s of feial solids, fat, and nitrogen again was 
determined (Table II); stools numbered two daily during the test period. Comparison of 
the-o data with similar data obtained before treatment di-clo-ed that loss of fat was es- 
sentially the same but that nitrogen loss was less during the period after treatment. How- 
ever, the improvement, in our opinion, is due not to the folic acid but to the state of the 
disea-e at the time the data were obtained. More fat was lost during the first period of 
study and during an exacerbation of the di-ea-e than during the second period of study which 
was made at a time when an exa. erbation was not present The differences are small and 
probably not significant. 

Comment . — The course of the disease has not been changed by treatment 
with synthetic folic acid, diet, and vitamins. In fact the course has been chronic 
and gradually downhill in spite of treatment for nine months. Severe exacerba- 
tions have occurred ; weight has not been gained. The degree of anemia and of 
hypocalcemia has fluctuated slightly but has remained essentially the same at the 
last examination as at the fiist one. Hypoproteinemia has appeared. 


Case 2— The patient, a woman first seen when she was 29 years of age, had had a 
lifelong tendency to loose stools but this had been wor-e during the four years preceding ad 
mission. Weight had declined from 130 to 103 pounds (59 0 to 40.7 kilograms), slight edema 
had occurred, and tetany had been noted for one year, Stools were 64 to 74 per cent fat 
(dry weight). Gastric analysis revealed 20 units of free acid. Roentgenologic examination 
°f the small bowel revealed a deficiency pattern. The concentration of hemoglobin was 15 
Gm per 100 c c. of blood; erythrocytes numbered 4,190,000; the value for serum protein 
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was 5.0 Gin., ami for serum calcium, 0.0 mg. per 100 cubic centimeters. Until the next period 
of observation (period of the present study) when the patient was .'id years old, mild diarrhea 
had continued; an average of three to four loose stools weie passed daily. Slight edema anil 
latent tetany also continued. Weight was 101 pounds ( 1 7.- kilograms). Laboratory studies 
revealed general osteomalacia of the bones, a flat oral glucose tolerance curve, 7.1 mg. of cal- 
cium and 5.9 Gui. of proteins per 100 c.c. of serum, albumin-globulin ratio of 2.2:1, 7.6 Gm. 
hemoglobin, .'1,1110,000 erythrocytes, hypochromic normoeytie erythrocytes, an crythrocytometer 
reading of 7.1 n, and hyperplastic normoblastic sternal marrow. For four weeks a diet of 
3,000 to 3,300 calories (fat, 73 Gin.; protein, 130 Gin.) was taken well without significant 
diarrhea. During this time 30 mg. of folic acid were given intramuscularly daily. A gain 
of five pounds (3.3 kilograms) occurred. This gain in weight was credited to increased intake 
of food and to rest. At the end of this period the value for hemoglobin was 8.23 Gm., 
erythrocytes numbered 3,010,000, the erythrocytometer reading was 7.0 g, the \alue for serum 
protein was 0.0 Gm., the albumin-globulin ratio was 2.13:1 and serum calcium, 7.0 mg. per 
100 cubic centimeters. After the institution of folic acid therapy the highest reticulocyte 
count was 3 per cent on the fifth day of treatment. In general, the patient noted no sub- 
jective improvement. She returned lmme with iiistiuetious to continue the highly nutritious 
diet (3,300 calories with 75 Gm. of fat and 130 Gm. of protein) and to take a multivitamin 
tablet, iron, and 13 mg. of folic acid daily. At first the folic acid was taken intramuscularly 
and later, orally. 

When tlie patient returned eight months later, she stated that her weight had increased 
to 113 pounds (31.3 kilograms) and then had dropped to 00 (13.5 kilograms) because of in- 
ability to eat during an exacerbation three months previously. Diarrhea laid been trouble- 
somo only during the exacerbation, but tetany occurred at intervals and variable edema hail 
been present. Folic acid therapy had been interrupted only for a time during relapse. The 
weight was 00 pounds. Laboratory studies revealed 0.4 Gm. of hemoglobin per 100 c.c. of 
blood, 4,010,000 erythrocytes, hypochromic normoeytie erythrocytes, an erythrocytometer 
reading of 7.4 m. 3.3 Gm. of calcium and 5.3 Gm. of protein per 100 c.c. of serum, and an 
albumin-globulin ratio of 2.32:1. The patient was placed on the standard test diet both before 
and after treatment with folic acid, and the values for fecal fat and nitrogen were determined. 
The severity of the disease apparently was the same during each period of study, the stools 
numbering one or two daily. After treatment the average daily loss of fats was greater 
than before treatment but the loss of nitrogen was not significantly different. Therapy with 
folic acid did not decrease the loss of fat and nitrogen in the feces. 

Comment . — Slight gain in weight anti improvement in the degree of hypo- 
proteinemia and hypocalcemia occurred, as is so often the ease in nontropical 
Sprue, with or without treatment. The temptation to ascribe the improvement 
to folic acid is disputed by the occurrence of a severe exacerbation while receiv- 
ing 15 mg. of the drug intramuscularly or orally each day. The course of 
the disease has not been altered. 

Case 3. — A 37-year-ohl woman had had symptoms' of nontropical sprue for three years. 
Diabetes mellitus had been discovered about the same time. One and one-half years before 
admission an exacerbation of the -sprue syndrome had occurred, during which glossitis was 
marked and weight had declined from 103 to 78 pounds (47.0 to 33.4 kilograms). Three 
months later tetany was noted. At the time of admission the patient was not suffering from 
diarrhea but the stools appeared fatty. Weight was SI pounds (30.7 kilograms). Laboratory 
findings were as follows: glycosuria, 1.30 per cent; blood sugar, 1S5 to 220 mg. per 100 
c.c.; osteoporosis of the skull, spinal column, and bones of the hands; and 14 units of iree 
gastric acid. There was roentgenologic evidence of a deficiency pattern in the small intestine. 
On the standard test diet the average daily losses of fecal solids, fat, and nitrogen were, 
respectively, 07, 25, and 3 grams. The value for serum calcium was 7.9 mg. and for serum 
protein, 6.2 Gm. per 100 c.c.; the albumin-globulin ratio was 1.40:1; the concentration of 
hemoglobin was 12.7 Gm. per 100 c.c.; erythrocytes numbered 4,300,000, of which 1.1 to 2.2 
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per cent were reticulocytes; general to 100 Gm. 

SI to 103 pounds (30.7 to 10.7 kilograms) occurred m seven week,, about 0 un ( 
the 

week’: 
two 

finallv 00 ni''. daily for one wee*. *'»•■••<, - • . , „ rvt i, roov tes 

At « 1 *"* - "r "'”,'7 r-Iius varied 

l ,,e, :: - - = « : -r 

of treatment. Sternal marrow was normoblast le at the tune o comp r 
The value for serum protein was 7.1 Cm., the albumin-globulm ratio was 1.0.1, and the 
for serum calcium was 7.9 mg. per 100 cubic centimeters. 

continued to take folic acid intramuscularly in 13 mg. . , i C( ] to 

rbation of the sprue syndrome developed which tea to 


^ ..... .. z 

week’s observation folic acid was administered Hitramu. «‘ ,r > for tw0 wcck8j and 

two weeks, then 30. mg. twice daily lor one week, . «• montiolle(1 coll . 

finallv nn nil' daily for one week. During this time t e g. ” 


After return home the patient 
'. doses daily and progressed well for 


three months, when an acute exaccr 
death. 

Comment . — Synthetic folic acid did not alter the course of the disease in 
this case. 

Case 4,-Th. pati.nt, a woman, was 

at noatropical spr.o l.ad tarn pr«*nt for >o,«„ B.arrl.aa, ,0 “ 'f 

kilograms "lossiti= transitory edema, and tetany had occurred. The concentration 

tein was 3.43 Gm. and for calcium, S.7 mg. per 100 cubic centimeters. The value for free 
gastric acidity was 30 units (Topfer’s method). Stools contained an excess of fat. 

When the patient returned seven years later at the age of 31 weakness and l tetar iy w ere 
the chief complaints. Diarrhea was present. The blood presented a picture of *>P» 

chromic macrocytic anemia, the concentration of hemoglobin was /. m. per • ■ > 

and erythrocytes numbered 3, ISO, 000 per cubic millimeter. Mild symptoms continued and 
the time of the next visit at the age of 41 the patient complained that diarrhea was trouble 
some. Weight was then 103 pounds (46.7 kilograms). Free gastric acids measured 36 
units. Roentgenologic examination of the small intestine revealed a deficiency pattern. On 
the standard test diet, the average daily loss of fecal solids, fat, and nitrogen were, re- 
spectively, 38, 14, and 2 grams. An oral glucose tolerance test gave a flat curve. The va ue 
for serum calcium was 8.0 mg. and for serum protein, 6.2 Gm. per 100 c.c.; the albumin- 
globulin ratio was 2.06:1. The concentration of hemoglobin was 10.8 Gm. per 100 c.c. an 
erythrocytes numbered 3,090,000, of which 0.4 to 1.6 per cent were reticulocytes. Maero- 
eytosis was marked. Sternal aspiration revealed megaloblastic marrow. After intramuscu- 
lar administration of 50 mg. of folic acid daily slight reticulocytosis occurred, the highest 
reading being 4.9 per cent on the fifth day of treatment. Two weeks later the sternal marrow 
was normoblastic. After six weeks the value for hemoglobin was 12.0 Gm. per 100 c.c. and 
erythrocytes numbered 3,860,000. Erytliroeytometer readings during the period of treat- 
ment varied from 8.5 to 7.8 microns. At the end of the period of observation (six weeks) 
the value for serum calcium was 9.1 mg. and for serum protein, 7.7 Gm. per 100 c.c.; the 
albumin-globulin ratio was 1.34:1. During this period of treatment the patient took a 3,o00 
calorie diet daily (100 Gm. of fat and 120 Gm. of protein). Several mild exacerbations of 
the diarrhea occurred (seven to ten stools daily) ; weight increased to 106 pounds (48.1 kilo- 
grams), a gain of only 3 pounds (1.4 kilograms). 

Following dismissal the patient continued to use a high caloric diet (fat, 50 Gm. and 
protein, 160 Gm.) and to take 15 mg. of folic acid orally each day. The exacerbations of 
diarrhea, as well as varying degrees of edema and tetany, have continued to occur, and, on one 
occasion, a peculiar generalized paralysis occurred. On several occasions during this eight- 
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month interval hospitalization for treatment became necessary. Liver extract, calcium, vita 
nniiSj and intravenously administered amino acids have been used together with lobe acid 

Comment . — The condition ol‘ this patient remains pitiful in spite of treat- 
meat not only with folic acid, but with other agents as well. 

Cass 5. — Tlio patient, a 12-year old woman, had been anemic at varying times for twenty 
years and had always had a tendency to loose stools For ten years the stools had at times 
been more frequent than before anil were described as foamy. The chief complaint was fatigue 
and weakness, and she had lost S pounds (3.6 kilograms) in three months. Weight was 123 
pounds (5S.1 kilograms). Laboratory studies revealed 1J 0 Gin. of hemoglobin, 3,030,000 
erythrocytes, general inacroey to-is with an ery throcy tometer reading of S.3 n, 9 1 mg. of serum 
calcium and 0.2 Gm. of '•erum protein per 100 cc., and an albumin globulin ratio of 19.1 
There was a deficiency pattern in the ••mall intestine on roentgenologic exaimn ition Gastric 
analysis rovealed 52 units of free acid; the oral gluco-e tolerance curve was Hat and the 'tool' 
contained 31 per cent fat (dry weight) while the patient was taking only 10 0 Gm. of fat 
each day. Sternal marrow was inaeronorinoblastie mtype. Folic acid in doses of 50 mg. 
was given orally e leh day Tho highest reticulocyte count was 3 per cent on the eighth day 
of treatment. After three weeks of treatment the value for hemoglobin was 10 2 Gm and 
erythrocytes numbered 3,S10,000. After two months of treatment maeroiytosis was still 
present, and tho ery throcy tometer reading was S 2 microns The patient’s strength was good 
but no weight had been gained and episodes ot diarrhea continued. Five months after in 
stitution of treatment, during an episode of diarrhea, a hemorrhagic state of extensive degree 
developed and was promptly controlled by administration of vitamin 1C. During tins episode 
the patient was hospitalized elsewhero and a loss of 10 pounds (15 kilograms) in weight oc 
curred. On her roturn to the clinic the valuo for hemoglobin was 10.S Gm, and erythrocytes 
numbered -i,0SO,O00. Her condition remained fairly stationary for the next month and then 
the diarrhea became much worse, six to eight stools occurring daily. Weight dropped to 10a 
pounds (47.G kilograms). She was again ho-pitab/ed and additional measures, mclucbug liver 
extract, were instituted to control symptoms. Folic acid was given intramuscularly instead 
of orally. Improvement gradually developed. The value for hemoglobin was 9.4 Gm , 
erythrocytes numbered 3,300,000, the ery throcy tometer reading was S2 p, and 10 per cent 
of tho erythrocytes vvero reticulocy tes Stools contained 32." per cent fat by dry weight. 

Comment . — In addition to absence of t espouse hematologieally or clinically 
to folic acid this patient presented an episode of hypoprothrombinemia with 
hemorrhage and an acute exacerbation of the intestinal symptoms while faith- 
fully adhering to a regimen which included folic acid. 

Case 6. — A 53 year old woman had been seen on numerous occasions during the preceding 
ten years. At tho first observation in 193(5 cholecystectomy was performed for chronic ehole 
cystitis with cholelithiasis. Exploration of the abdomen was otherwise normal Moderate 
gastric retention was present preoperativcly and at intervals postoperatively. During con 
valescenco diabetes melhtus became manifest but was readily controlled. Weakness was abo 
a prominent eomplaint. 'When tho patient was 51 years of age, abdominal cramps, disten- 
tion, and spells of diarrhea developed Stools were bulky and light in color Weight had 
declined from 99 to 8S pounds (44 9 to 39 9 kilograms). Blood counts which had previously 
been normal now revealed anemia There were 11.6 Gm. of hemoglobin per 100 oc ot blood, 
3,340,000 erythrocytes, 6 3 mg of serum calcium and 6 S Gm of serum protein per 100 c c , 
and the albumin globulin ratio was 18.1. Stools contained 4S 6 per cent fat The patient 
received tho usual treatment for sprue consisting of a low fat diet, liver extract, calcium 
lactate, and vitamin supplements. When seen a year later (the tune of the present study) 
symptoms had persisted and weight had declined to SI pounds (36 7 kilograms) A T o edema 
or tetany had been noted and the diabetes had not been a problem Laboratory study now 
disclosed 10 5 Gm of hemoglobin per 100 e c , 4,250,000 ery throcy tes, and general macro 
cytosis with an erythrocytometer leading of 8 6 microns Tho valuo for serum protein was 
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„ , -.1. •]„> \uluc lor '-orum calcium 
6.1 Ob. per 100 c.c.; the alb.mn.i ^oln.hu ra »o «a, ^ ^ ccnt fat . Sternal 
was S 2 mg. per 100 cubic centimeter*, me nx. 50 0 f folic acid were 

marrow appeared normoblastic. In addition »□ statu , of health and 

given daily by mouth. Two months Uter lie > ^ ^ lu 5 Gin . per 100 c.c., and 

bowel function had not changed. The value lor j= persisted; the erythro- 

erytlirocjtes numbered 1/290,000. The general macrobiosis 1 

>“•>» «• tws , 

c« r.-A .« 8i r. 

about once a month and lasted three to Inc i.. , Hhu uas l f ec t, 10 inches 

daily, were greasy and foamy. GrowtU ",'lTgr i.ns) ; menses had not been established. 

(147 3 cm.) tall and weighed 79 pounds (3o.8 g questionable. The 

Edema bad been noted on several occasions. . f “ l^d 0^,000, and macro- 

value for hemoglobin was 11 Gin. per 10^ ’ J weight). The value for serum 

cytosis was present. The ■-tools wero 39.7 per cen a . rp lic conce ntration 

protein was 4 8 Gin. per 100 c.c.; the albumin g o u in ra wa9 normoblastic. A 

of serum calcium was S.5 mg. per 100 « 10 f ,‘ (uor ext ract (1 c.c. weekly), 

regimen consisting of 3,000 calorics per day (■> ■ ’ 

and folic acid (13 mg. daily by mouth) was in ^ ltute ' C \acerbations of diarrhea 

The patient returned twelve mon hs later. ^ ^ exacerbatums were 

had continued until two months prior to ‘ u.iofrrams) and had grown 

the most severe sho had had. She had gained 1 poum s although pelvic pain for 

inches (9 cm.) Tho menstrual periods had not become establish «ug V ^ 

- .h™ a.,. — month had J' 8 ”" “• “ homotfobin wa, 9.8 

still undeveloped; some pubic hair was pr^ent. q() cubu , mllhmete r, of which 1.8 

Gm per 100 c c of blood; erythrocytes number , , t of macr0 cytosis were 

per cent were reticulocy tes Some hypocliromasia an 

noted in the blood smear. Tho value for protein in the serum was 5 > Gm.per ™ ’ 1QQ 

albumm globulin ratio was 1.99:1. The concentration o serum years 

cubic centimeters The stage of hone development corresponded to that of a child ye 

old. 


Comment. — Definite improvement occurred m thrs case and „as attr buted 
to improvement in nutrition. It is impossible to determine whether this jas 
due to the improved intake of food or to a natural remission in the disea e 0, 
to the results of medication. A further period of treatment will be required 
to determine the principal factor in the improvement, an sue a eonc 
may not be possible even then. 


COMMENT 

Most important in the discussion of these cases is a consideration of the gen- 
eral status of the patients’ health Only two patients have shown any signifi- 
cant gain in weight or improvement in strength or sense of well-being (Cases 3 
and 7) One patient (Case 3) had had symptoms of nontropical sprue and 
diabetes mellitus for three years No diarrhea was present on admission al- 
though the stools contained excess fat Before treatment with folic acid vyas 
started she had gained 10 pounds and further gam was accomplished after this 
treatment was instituted. This gain was considered to be due largely to an in- 
creased intake of food and control of the diabetes as the sprue was in remission 
at the time of admission. At the time of dismissal the patient was taking 15 
mg. of folic acid daily by mouth and she progressed well for three months. 
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Then an exacerbation ot‘ the sprue syndrome resulted in death. The other 
patient (Case 7) showed definite improvement but it is not possible to state the 
chief factor responsible for this. The patient in Case 1, who gave a three-year 
history of sprue, continued to take fiO mg. of folic acid daily intramuscularly 
at home for one month. At the end of this time an exacerbation of the disease 
caused him to return to our care. lie was in a critical condition as evidenced 
by dehydration, acidosis, and azotemia. In spite of continuation of treatment 
with folic acid as well as other therapeutic management for six months, his 
general condition did not improve nor intestinal manifestations decrease. One 
patient (Case 4) who had had indications of sprue for seventeen veal's continued 
to have exacerbations with varying degrees of edema and tetany, and on one 
occasion a peculiar paralysis, while taking 1:1 mg. of folic, acid daily by mouth. 
Thus patient has required frequent hospital admissions during the subsequent 
eight months. The patient in Case 5, while taking ;10 mg. of folic acid daily 
for six months, has had ail episode of hypoprothrombinemia (not uncommon 
in nontropical sprue) with hemorrhagic manifestations and a subsequent acute 
exacerbation of the intestinal symptoms of the disease. Two patients (Cases 2 
and 6) did not improve during nine and two months, respectively. 

In general, the diarrhea and steatorrhea present before treatment with 
folic acid have continued during treatment, often with severe flare-ups, and 
there lias been no gain in weight, strength, or sense of well-being that could 
not be attributed to remissions in the disease and improved intake of food. The 
levels of calcium or protein in the blood and manifestations of tetany or edema, 
when present, have not been improved permanently in any ease, even with im- 
proved intake of food or oilier procedures. 

Some anemia was present in all eases at the time of admission, hut the value 
for hemoglobin was 10 Uni. or more in all but one. The lowest erythrocyte count 
was 3,030,000. No significant changes in blood counts were obtained from 
treatment with folic acid. Details are given in Table I. General maerocytosis 
was present in all patients except one, and this patient (Case 2) had the most 
marked anemia. The maerocytosis persisted after treatment with folic acid in 
each of the five cases in which re-examination lias been done. No change in the 
erythrocytometer reading was encountered except in Case 4. In this instance 
the size of the erythrocytes decreased somewhat coincident with a change in 
the sternal marrow from megaloblastic to normoblastic type. The highest 
reticulocyte count after commencement of treatment with folic acid was 4.!) 
per cent on the fifth day of treatment. In general there was little change in 
the reticulocyte count. However, the degree of anemia on admission was not 
such that a great response would be expected. In one ease megaloblastic bone 
marrow present before treatment became normoblastic after treatment. In 
four other cases the sternal marrow was normoblastic before treatment was 
started. Some of these patients undoubtedly had taken liver extract at varying 
times before the observations at the clinic. In general, and in spite of this, the 
hematologic response in this group of cases lias been disappointing; the anemia 
has not improved and the maerocytosis has persisted. 
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SUMMAKY 

The following statements seem justified from our observation of this group 
of seven eases of neotropical sprue. Treatment with folic acid has not resulted 
in improvement in the sense of well-being or in gain in weight 01 stiengt 1 t nit 
could not he accounted for by increased intake of food and natural remission 
of the disease. The frequency or severity of the exacerbations of the intestinal 
manifestations of the disease has not changed. The hematologic lesponse ms 
been disappointing since anemia and macrocytosis have persisted. All this is m 
contrast to the favorable results reported in the literature regarding response 
of tropical sprue to treatment with folic acid. Whether the two conditions <uc 
different or whether the condition in our cases had advanced to an irreveisible 
stage and become resistant to treatment with folic acid is impossible to state. 
These results indicate that, in some cases at least, nontropical sprue does not 
respond favorably to treatment with folic acid. 
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URINARY PHENOLS IN PERNICIOUS ANEMIA 

Marian E. Swkndseid, Pii.D., Benjamin Wandruef, M.D., and 
Prank II. Beth ell, M.D. 

Ann Ardor, Mich. 

A LI HOUGH physiologic changes in pernicious anemia are widespread, affect- 
ing the hematopoietic, digestive, and nervous systems, the development and 
course of the disease have not been shown to he closely associated with any 
specific biochemical disturbance. Therefore, evidence suggesting that the metab- 
olism of the aromatic amino acid, tyrosine, may be altered in pernicious anemia 
is of considerable interest. 

Observations bearing on the metabolic behavior of tyrosine in pernicious 
anemia indicate that in this disease blood phenol levels are high, 1 the urinary 
levels of the volatile phenols are lower in relapse than in remission, 1 and the 
uiinary excretion of total phenolic compounds is increased in untreated eases. 3 
Jacobson and SubbaRow 4 have reported that 1 -tyrosine increases the thera- 
peutic activity of their primary antipernicious anemia factor. Since tyrosine is 
the presumed precursor of melanin pigment, the pigmentation changes fre- 
quently observed in pernicious anemia, 'which include graying of the hair and 
vitiligo, might also be considered as supportive evidence of the altered metab- 
olism of tyrosine in this disease. 

The present study was made to investigate further the metabolism of tyro- 
sine in pernicious anemia by a fractionation of urinary phenolic compounds 
before and during initial treatment of the disease. 

CLINICAL MATERIAL AND METHODS 

Seven patients with pernicious anemia were employed in tin's study. They had not 
received antianemia therapy for at least six months prior to tho present study. All of them 
had macrocytic anemia with erythrocyte levels below 3,000,000 per cubic millimeter. Hista- 
mine refractory achlorhydria was demonstrated in each instance, and all of the patients 
responded in the expected manner to the administration of antipernicious anemia medication. 

Urine specimens were collected for two twenty-four hour periods immediately preceding 
the institution of therapy and for several twenty-four hour periods at intervals thereafter. 

The urinary phenolic compounds were fractionated according to an unpublished method 
of Shacter and Lewis. •> By this method, after preliminary hydrolysis, tho urine was extracted 
with ether and the ether-soluble portion extiacted first with sodium bicarbonate aud then 
with sodium hydroxide. Phenols were determine!] by the Uedes^ modification of the method 
of Folin and Cioealteu«» on each of tho three fractions resulting from this procedure: (1) 
the ether-insoluble fraction, (2) tho ether-solublo-bicarbonate-soluble fraction, and (3) the 
ether-soluble-bicarbonate-insoluble-hydroxide-solublo fraction. This last fraction will be re- 
ferred to as the ethor-soluble-hydroxide-soluble fraction. 

Tho ether-insoluble fraction contains any tyrosine excreted as sucli in the urine. Tho 
ether-soluble urinary phenolic compounds which are extracted with the weak alkali, sodium 
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bicarbonate, arc assumed to be, for tUo ™“ bt ^‘uiorablc amounts which 

pcresol are tlio only known pbeno 3 prcac another solution except with a 

are so weakly acidic that they cannot be extracted 

strong alkali such as sodium hjdroxide. 


In Tabic I the results of the 
before and after the institution 
patients with pernicious anemia. 


besults 

fractionation of urinary phenolic compounds 
of specific therapy arc presented for seven 


Table I. Ftuorio™ or **>«» Phenols is Pehnic.ous 


G. 0. 


J.O. 


£}. T. 


W. A. 


S.N. 


B.I, 




ETUEU- SOLUBLE PHENOLS j 


ETllER- 

INSOLUULE 

PHENOLS 

(no.) 

63 

PATIENT 

DATE 

XoUCOj 

HtACT. 

A 

(MG.) 

NuOll 1 

n:\CT. | 
b t 

(MG.) 1 

KATIO 

A: 13 

O Q 


S/1 
S/2 
3/3* 

S/4 
8/0 
5/18 
5/19 
5/20* 
5/21 
5/24 
5/27 
6/7 
6/S 
6/9* 
6/11 
6/14 
1/7 
1/8 
1 / 10 * 
1/11 
1/15 
1/8 
1/9 
1 / 10 * 
1/12 
1/14 
1/19 
2/28 
2/29 
3/1* 
3/4 
3/8 


351 


105 


82 

02 

1.3 

3S 

134 

0.1 

402 

362 

25 

50 

16.1 

7.2 

70 

34 

03 

64 

1.1 

0.5 

58 

76 

0.8 

264 

32 

8.2 

283 

70 

4.0 

91 

54 

1.9 

50 

41 

1.3 

107 

41 

2.6 

106 

52 

2.0 

64 

60 

1.1 

40 

104 

0.4 

240 

41 

6.0 

231 

47 

5.0 


58 

56 
64 

245 

294 

81 

57 


51 

4S 

61 

79 

81 

84 

101 


1.1 

1.2 

1.0 

3.3 

3.6 

1.0 

0.6 


48 

32 

10 

4S 

50 

48 

27 

32 
24 
45 

20 

23 

35 

31 

40 

33 
45 
51 

34 
39 

32 
48 
56 

41 

48 


total 

PHENOLS 
A + B + C 

_JMG.) 

465 

501 

170 

252 

475 

462 

181 

125 

166 

320 

398 

165 

120 

183 

189 

164 

177 

326 

329 

143 

143 

157 

372 

431 

206 

206 


•Treatment instituted on this day. In all patients except B. I. this treatment was 1 c c. 
Ot 13 unit liver extract by intramuscular injection three times -weekly, in the case ot ii. i. 
the treatment was 40 Gm. of ventrieulm daily. 

Values expressed as milligrams of tyrosine excreted per twenty-four hours. 


In every patient except one (W. A.) the excretion of total phenols was 
greater in the relapse than in the remission state. This lowering of phenolic 
excretion levels occurred whether remission was induced by a liver extract or 
by desiccated stomach (ventriculin). The rapidity with which the excretion of 
the phenols is decreased should be noted. The decrease occurs within forty- 
eight hours after the institution of therapy and precedes any change in the 
corpuscular elements of the blood, including reticulocytosis. These results are 
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in agreement with our preliminary observations on the excretion of keto acids 
and hydroxy phenyl compounds by four patients with pernicious anemia which 
are not included in the present study . 3 

The increased excretion of total phenols in the relapse period is wholly 
attributable to an increase in the excretion of cther-soluble-biearbonate-soluble 
phenols, the fraction containing' the hydroxyphenyl acids. The identity of this 
acid, or acids, has not been established. Although in a previous report , 3 using 
the method of Penrose and Quastel.’’ we obtained a greater keto acid excretion 
during the relapse period of pernicious anemia, in this series of patients we 
were unable to confirm this observation consistently and, in several cases, tests 
for keto acids in the ether-soluble urine fraction gave negative results. 


The ether-soluble-hydroxide-i insoluble fraction either remained the same or 
increased somewhat after therapy. When an increase occurred, it was more ap- 
parent in the urine samples collected several days after therapy was first ad- 
ministered. In this connect ion, Volterra" also observed in pernicious anemia an 
increase in volatile phenols when remission was induced. 


An effect of antipernicious anemia therapy to which there is no exception 
in the eases presented here is the reduction in the ratio of the other-soluble- 
Dicarbonate-soluble fraction to the cther-soluble-hydroxidc-soluble fraction. 
(This ratio is included in the results in Table I). This ratio reduction occurred 
even in patient W. A., in whom the total phenol level was not affected. 

From Table I it can be seen that the ether-insoluble phenolic fraction re- 
mained at a relatively constant level before and during treatment. 

The values for total phenols as well as for the various fractions determined 


during the remission phase of pernicious anemia show good agreement with the 
values obtained for normal subjects. 7 * TlMc 1 It is, therefore, apparent that in 


Table II. Effect of Ascobiiic Acid ox Uiunabv Phenolic Excbetiox in Untreated 

Pernicious Anemia 


PATIENT 

1 

DAY 

ASCORBIC I 
ACID 
SUPPLE- 
MENT 
(MG.) 

PLASMA 
ASCORBIC 
ACID 
(MG. 7^) 

ETIIh’R- SC 
1MIEN' 

NailCO, j 
TRACT. 

(MG.) 

)LUBLE 

OLS 

| Kaon 

1 TRACT. 

n 

(MG.) 

1 

RATIO 

A :B 

! 

ETHER* 1 
INSOLUBLE 

phenols 

C 

(MG.) 

total 

PHENOLS 

A + B + C 
(MG.) 

J. 0.* 

i 

0 

0.1 

147 

■>*> 

•i.» 

4.4 

4.s 

190 


o 

0 


15S 

20 

5.3 

52 

195 


3 

500 


203 

32 

0.3 

47 

2S2 


•1 

500 


402 

25 

10.1 

•IS 

475 


5 

500 


302 

50 

7.2 

50 

402 

S. N.* 

1 

0 

0.7 

241 

57 

4.2 

40 

344 


o 

0 


240 

42 

5.1 

49 

33 j 


3 

500 








4 

500 


240 

41 

0.0 

43 

320 


5 

500 


231 

47 

3.0 

51 

329 

B. I.* 

1 

0 

O.S 

301 

01 

4.7 

41 

406 


2 

0 


2S1 

00 

4.7 

52 

393 


3 

500 


2S7 

7S 

3.7 

•IS 

393 


4 

500 


245 

79 

3.3 

4S 

372 


5 

500 


294 

SI 

3.0 

50 

431 


Values expressed as milligrams of tyrosine excreted per twenty-four hours. 

♦These patients are also included in Table I. Except for B. I. ascorbic acid supplement 
was continued during the parenteral administration of liver extract. 


riMNAKY IMir.NOl.S IN lMCUNU’IOUS AXKMIA 

pernicious anemia in relapse, the ex.-roU.rn of t.„al pl.eoolie e„mpo.,"d S and 
lienee of hydroxyphenyl aei.ls is inereased aliovo c!OT>lio „ 

111 one patient with penurious anemia (J. •) ' . . ascorbic 

of phenols prior lo llierapy. This in.l.vulna had a as „ • ' ■ 

acid value of 0.1 mg. per 10(1 e.e., detennmed by >U.- method o ““ 
Butler. 9 Since axrorlnc arid lias lieen si, own to have an eflec o , the oxi idat.0^ 
of tvrosnic, 10 ' “ 500 mg. of aseorlne arid were given dad. o , 
and the phenol excretion was measured. The results are xlmvv m Ulde IB On 
the second '.lay of aseorlne avid adininislration there teas » deh, , 0 mciea o 
the hydroxypiienyl arid fraetion. Aseorlne mud teas also toven to lnopal|U|0, 
with inilreated iiernieioits alleluia vvlio lia.l norma p axilla use , 

N-o changes in either total phenols excreted or m an,- traction thetoof note 
observed following the administration ot ascorbic acid liable )■ 


DISCUSSION 

Effective treatment of patients with pernicious anemia with either liver or 
stomach preparations results in a decrease in excretion o ic p ien° ‘ 
containing hydroxypiienyl acids to a level approximating that °bt a ^^ 
normal subjects. This is evidence that substances coneeinec mi 1 ‘ 

maturation participate, directly or indirectly, in the oxi a ion o P 1 
pounds and hence of the amino acid, tyrosine, bejonc t ie aioma ic ac - o 
Three of the known vitamins have been shown to affect tyrosine metabol s 
in various biologic svstems: ascorbic acid, 10 ’ 11 pviidoxine as p\i 1 oxa 
pliate, 12 and pteroylglutamic acid - Since these vitamins are either absent oi 
present in very small quantities in purified liver extracts, it t oes no seem 
possible that the effect of liver extract on phenol excretion can be ascri . ec 
to its vitamin content. A more attractive hypothesis is that the antipermeious 
anemia principle in liver extract activates one or more of these \ itamins in some 


metabolic reaction concerning tyrosine. , 

In our experiments, administration of ascorbic acid pioduced no e ect on 
phenol excretion in cases of pernicious anemia where the plasma level ot ascorbic 
acid was normal. In one patient with a low plasma ascorbic acid- value an 
phenolic excretion not increased above normal levels, ascorbic acid administra- 
tion was associated with an increased phenol excretion. This result is seeming y 
a contradiction of the well-defined action of ascorbic acid in scorbutic guinea 
pigs 10 and premature infants 11 in lowering the high excretion levels of hydroxy- 
phenyl acid metabolites. However, indications that close metabolic relationships 
may exist between the liver principle and ascorbic acid are to be found in 
clinical reports of “anemia of scurvy” 1 ' and also in reports ot vitamin G 
having a favorable effect on hematopoiesis in pernicious anemia. 

The results of Levine, Gordon, and Harpies 11 show that in one of four 
premature infants, liver extract containing no ascorbic acid resulted in a tran- 
sient but definite decrease in hydroxypiienyl compounds. ’ ’ There is a possi- 
bility, in view of the experiments reported here, that in this instance the liver 
principle was the effective agent in reducing phenol excretion. That a deficiency 
of erythrocyte maturing factors occurs in premature infants is indicated by 
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lepoits tliat such infants often have incompletely developed hematopoietic sys- 
tems associated with macrocytic anemia. 17, ,s 


Ihis study was completed prior to the investigations concerning pyridoxal 
phosphate and pteroylglutamic acid in relation to tyrosine oxidation; hence the 
possible effect of these vitamins on phenol excretion in pernicious anemia pa- 
tients was not determined. 

The evidence for aberrant tyrosine metabolism in pernicious anemia leads 
to the speculation that some phenolic derivative may directly participate iu 
the erythrocyte developmental processes and that the liver principle may affect 
red cell maturation by virtue of its action in the tyrosine metabolic cycle to 
produce tin's derivative. If tire formation of some phenolic derivative is essen- 
tial in the treatment of macrocytic anemias resulting from a maturation defect, 
this might explain why liver extract is not effective in treating macrocytic 
anemia occurring in eases of cirrhosis of the liver 18 since tyrosine is not properly 
metabolized when liver Junction is impaired. 20 


SUMMARY 

1 lie treatment of pernicious anemia with liver or stomach preparations de- 
creases the urinary excretion of total phenols by a reduction in the phenolic 
fi action containing the hydroxyphenyl acids. There is both a relative and an 
absolute increase in the fraction containing phenol and p-eresol. The ether- 
insoluble fraction remains constant. 

Ihe tallies for both total phenols and hydroxyphenyl acids obtained in 
pernicious anemia during relapse are greater than those obtained with normal 
subjects. 

Iso change in phenol excretion levels in pernicious anemia in relapse was 
obseived following administration of ascorbic acid to patients having normal 
plasma ascorbic acid values. In one patient with a low plasma ascorbic acid 
\alue, an increase in phenol excretion levels occurred concomitant with ascorbic 
acid supplementation. 
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URIXAR\ PHKXOLS IX XOR.MAL SHU HUTS; KI-’FKCT OF A 

LIViiR KXTRACT 

- l[AIilAX K - SWKXDSKID, 1*11.1)., Bk.VJ.VJI IN* W.YXDItmk M.D., AND 
Fkaxk if. Bkthku., M.D. 

Anx Akhok. .Mich. 

'T'lIIS paper serves as a comparison study for the preceding communication’ 
and reports the tract foliation of the urinary phenols excreted by normal sub- 
jects and the effect thereon of a liver extract. 


METHODS .VXD MATERIAL 

rile urinary phenol values were determined according to previously described methods 1 
on He norma subjects', medical students ami dietitians, before and after the injection of 
tr extract. 1 irou^hout t Ills period, to eliminate variations i n plu nol excretion due to 
met ary changes, these subjects were kept on a regulated diet similar to that received by 
le pernicious anemia patients discussed in the preceding report. This diet, on a 2,-100 
calorie basis, supplied approximately So dm. of protein, 121) dm. of fat, and 22(1 dm. of 
o n rate. Extra calories were provided when needed to maintain weight bv iucrcas- 
ns corbie Tcia"' ^ ^ “ ,Ml c “ rl,ol '- v,irato - The diet was supplemented with 200 mg. of 

... . tx,ra ut, given by intramuscular injection, was a puri/ied preparation con- 

.titling la l.S.P. units per cubic centimeter. Thirty units were given in a single .lose. 


RESULTS 


The values obtained by the fractionation of urinarv phenolic compounds 
under these experimental conditions are shown in Table I. 

The daily values, before liver extract administration, for total phenols 
and for the various fractions show considerable variation among the different 
subjects but are more constant for each individual. The most constant value 
lor each individual is the ratio of the ether-soluble-bicarbonate-soluble frac- 
tion to the ether-soluble-hydroxide-soluble fraction. 


dlie results for the two ether-soluble phenol fractions are in fair agree- 
ment, both as to quantity and ratio, with tlio.se reported by Schmidt 2 who used 
another method. 


At the beginning ot the fifth day of the diet, 30 units of liver extract (2 e.e.) 
vveie given by intramuscular injection. In the subsequent twenty-four-hour 
peiiod the excretion of total phenols was reduced in three subjects, remained the 
same in one subject, and was increased in one subject. The total phenols in 
most cases tended to increase for the remaining two days of the experimental 
period. 

The excretion of ether-insoluble phenols is not affected by liver extract 
admini stration, hence changes in total phenols reflect changes in the ether- 

From Tlie Thomas Henry Simpson Memorial Institute for Medical Research, University 
of Michigan. 
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UKINAKV 1-HKNOl.S IN NOllMAL SU1I.IKCTS 

-,le ,,- S . XVHC,, ,Ue 

sidered separately, the effect ol friie iion usually shows a 

is similar in all subjects. H'c , , . • tends to lie increased, 

considerable reduction, while the ljuoxct < t ] lc hydroxide- 

As a result, the ratio of the bicarbonate-soluble t. action to ny 

soluble fraction is significantly decreased. transient and the ratio of 

The effect of ,hk one .lose -.1 l.v« £ '■ 1 „„ tho t1uy 

the ether-soluble phenolic components bcguis to 
following the liver extract supplementation. 

Table I. Fractionation- or I/kinar* IM !! :N _!!!f ( ..‘ N N<,11MAI ' Stl!JhC1, ’ 

Liver Extrac r 


SUBJECT 


DAY ON 
DIET 


vTiir.it-soi.eni.E riiENui.s 


MiiIICO, 

TRACT. 

A 

(MO.) 


SE 

F 


KE 

it 


WA 

F 


ST 

F 


BE 

At 


3 

4 
5* 
6 


4 

5* 

6 

7 


4 

5 * 

6 

7 

3 

4 
5* 
6 
7 


127 

132 

59 

70 

117 

103 

105 

100 

GS 

70 

90 

69 

77 
94 
35 
60 
85 

78 

72 
84 
47 
59 
70 

73 
82 
80 
94 

104 


NaOII 

TRACT. 

U 

(MO.) 

70 

83 

81 

56 

67 

46 

4S 

48 

53 

48 

51 

55 

62 

65 

63 

85 

79 

59 

49 

GO 

95 

81 

88 

61 
70 
98 
91 
S-2 


RATIO 

a:B 

(MO.) 


KTIIER- 

insoi.uulk 

PHENOLS 

c 

(MG.) 


TOTAL 
PHENOLS 
A + B + C 
(MO.) 


1.8 

1.6 

'.7 

1.3 

1.6 


0 


2.2 

2.2 

2.2 

1.3 

1.5 

1.8 

1.3 

1.2 

1.4 
0.6 
0.7 
1.1 

1.3 

1.5 

1.4 
0.5 
0.7 
0.8 

1.2 

1.2 

0.8 

1.0 

1.1 


10 

42 

37 
46 

38 

58 

64 

51 

56 

51 

49 

36 

38 

31 

44 
38 

41 

51 

46 

47 
50 

48 

45 

38 

42 
44 
40 
38 


237 

257 

177 

172 

222 

207 

217 

215 

177 

169 

190 

160 

177 

190 
142 
183 
205 

188 

167 

191 

192 
188 
203 

172 

194 

222 

225 

224 


*On this day, 30 units of liver extract <15 units per cubic centimeter) were administered 
itramuscularly. 

Values expressed as milligrams tyrosine excreted per twenty-four ours. 


DISCUSSION 

The ratio of the ether-soluble phenolic components stands out in this study 
if phenol excretion under controlled dietary conditions as the most constant 
value obtained. In other studies on the effects of various substances on 
phenolic excretion, it might therefore be well to give special consideration to 
the determination of changes in this ratio. 
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From the data in the preceding paper 1 it has been shown that the ratio 
of tiie ether-soluble phenolic compounds in pernicious anemia patients previous 
to treatment is much increased over that of the normal subjects. Therapy 
sharply reduces the ratio, but there is considerable day' to day variation. The 
results of this study show that the administration of liver extract to a normal 
subject exerts a transient reduction in this ratio, but it is not reduced below 
the lowest ratio obtained in pernicious anemia in remission. 

This transient effect of liver extract on the ratio of the ether-soluble 
phenolic components excreted by normal subjects may be taken as additional 
evidence that there is a substance present in liver that acts on the processes 
of phenolic oxidation either directly or indirectly. There are indications that 
this substance may be the liver antipernieioiis anemia principle. 

The components of the weakly acidic phenolic fraction (phenol and 
p-cresol) are commonly regarded as products of enterogenous metabolism, 
which are absorbed from the gastrointestinal tract and excreted in the urine. 3, ‘ 
In both normal subjects and pernicious anemia patients there were instances 
where the excretion of this phenolic fraction was increased by liver extract 
injections. This increase would appear to be t he result of an endogenous 
metabolic process, presumably an effect secondary' to the increased oxidation 
of hydroxyphenyl acids. 


SUMMAKY 

Values for the urinary excretion of various phenolic fractions from normal 
subjects on a regulated diet have been reported. The most constant value was 
the ratio for the ether-soluble phenols of the bicarbonate-soluble fraction to the 
hydroxide-soluble fraction. 

When 30 units of liver extract were given, although the amount of total 
phenols excreted showed no consistent variation, there was a temporary reduc- 
tion in the ratio of the ether-soluble phenolic components, due both to a decrease 
in the bicarbonate-soluble fraction containing the hydroxyphenyl acids and ail 
increase in the hydroxide-soluble fraction. 
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T1IE POTENCY Ob' THE U. S. P. KEFBRBNCE STANDARD FOR 

VITAMIN D 

W.VLDKMAR DaSLEK, ClUlTOKD D. BaUKU, AND MaUTIIA VAN N OS 1 HAND 

ClUCAdO, It.L. 

RNOLD 1 lias recently published data which indicate that cillc ‘^ 1 ' )1 
X X min DA has a potency of 49.7 ± 2.1 U. S. P. units per microgram in terms 
of the present U. S. P. reference standard for vitamin D. From tins he con- 
cludes that the “U. S. P. reference cod liver oil No. 2 has less than l 0 y 

accepted potencv.” If this conclusion is found to be valid, medicinal vitamin 
D preparations which are assayed by the U. S. P. technique must also be lower 

in potency than the assays indicate. . . „ i 

Fritz, Hooper, and Moore, » in connection with the Association of Official 

Agricultural Chemists’ chick assay of vitamin D,, have pievious y ca e a 
tion to the possibility that the U. S. P. reference standard may be deteriorating. 
In this connection it may also be pertinent to call attention to the fact tha 
the vitamin A potencv of the II. S. P. reference cod-liver oil No. -as ce ermine 
by Callison and Orent-Keiles 3 was lower than its originally assigned value. 

Gridgeman 5 - has reported the potency of vitamin D 2 to be 3b I.U. per 
microgram and that of vitamin D. to be 46.4 I.U. per miciogram. ou ° | 
Gridgeman compared calciferol to the international standard, w le i mo 
used the U. S. P. reference standard, Gridgeman ’s values strike a discordant 
note, since an overwhelming weight of evidence indicates that vitamin 2 an 3 
have equal antirachitic activity for the rat. Remp and Marshall,* for instance, 
found vitamins D 2 and D : , to be equal in potency for the rat. The results oi 
a collaborative study in which nine laboratories participated were reported y 
Coward 8 and showed vitamins D, and D 3 to have equal potency for the rat. 
More recently, Huber and Barlow’ 9 have stated emphatically that the tw r o vita- 
mins behave exactly alike as to potency in the rat. 

In 1943 Huber and Barlow 9 reported that, on the basis of over 400 satis- 
factory assays, the antirachitic value of calciferol was w 7 ell over 40 U. S. P. 
units per microgram. Some time ago v’e also observed that samples of calcif- 
erol, when compared with the U. S. P. reference standard, consistently had an 
apparent potency at least 10 to 20 per cent higher than 40 U. S. P. units per 
microgram. We have therefore repeatedly assayed fresh samples of calciferol 
from three different sources against the U. S. P. reference cod-liver oil No. 2. 
The calciferol was dissolved in corn oil and assayed on rats of the Sprague- 
Dawley strain by the U. S. P. technique. 10 The' results are given in Table I. 

The initial assays seemed to indicate that the potency of the isolated sample 
was higher than that of the others. All subsequent assays, however, indicate 
that the potency of each of the three samples was over 48 and under 52 units 
per microgram. 

From Nutrition Research Laboratories. 
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Taisia: I. Potkxciks or Cai.cikki:oi.s 


SOUUCE OY 
CALC1KEKOL 

M.r. 

(com:.) 

° e. 

He 

1 I’M. 

AT 2(15 Mp 

w “ 

IN ETHAN Of* 

appaeent POTENCY' 
(U. s. P. CNITS 
PKllJlG) 

Winthop Chemical 


+ 101.5 


Co. 

315-117 

-105 

a 

11 

*■1 

C/5 

50 i 2 

Glaxo Laboratories, 


t- 101 


Ltd. 

135-117 

■100 

(e = LOIS) 

50 t 2 




+ 105.7 


Isolated * 

1 111- 117.5 


(«= .982) 

50 t 2 


C. arums per luo nilllllitoi'M. 

•Isolated from m Ko-storol activated by the Whittier Process. 11 


DI.SCUSriIl>X AX(> COXCLU.SIOX.S 

Tlie untiraehitie potency of the l\ is. P. reference cod-liver oil No. 2 was 
originally determined by assay against (lie international standard for vitamin 
D. 4 The U. S. P. unit of vitamin I) was, in fact, defined as “equal, in anti- 
rachitic potency for the rat. to one International [Tut of Vitamin D as defined 
and adopted by the Conference of Vitamin Standards of the Permanent Com- 
mission on Biological Standardization of the League of Nations in June of 
1931.’’ 1 - The antirachitic potency of pure calciferol, therefore, should be the 
same whether expressed in international units or in l 7 . S. P units. This appears 
not to be the ease, at least when the IT S. P. standard currently being dis- 
tributed is used. 

The potency of calciferol is recorded in the report of the Second Conference 
on Vitamin Standardization of the League of Nations 1 - 1 as 40 I.U. per micro- 
gram. This value was confirmed in a comprehensive study by Anderson, Baeli- 
arach, and Smith 11 and by the collaborative study reported by Coward. s 

Older values obtained by comparative assays against an earlier U. S. P- 
reference oil 7, 13 indicate that the potency of calciferol at that time was also 
40 U. S. P. units per microgram in terms of the then current U. S. P. standard. 

The discrepancy between the more recent and the older values for the po- 
tency of calciferol might be explained by the assumption that the samples ot 
calciferol more recently available were ol' a higher degree of purity than the 
samples with which the older work was done. When the constants of the calcif- 
erol used in the aforementioned collaborative study, 8 of the calciferols studied 
by Anderson, Bacharaeh, and Smith," and of the “pure calciferol’ ’ for which 
specifications were given in the report of the Second International Vitamin Con- 
ference 13 are compared with the constants of the samples of calciferol used by 
Huber and Barlow, 3 Arnold, 1 and ourselves, it appears that the earlier samples 
of calciferol were equally as pure as those used more recently. 

The only reasonable explanation for the findings of Huber and Barlow. 5 
Arnold, 1 and ourselves, therefore, appears to be that the U. S. P. reference 
standard for vitamin D is below its stated potency. These results and the 
findings of Callison and Orent-Keiles 3 with relation to the vitamin A potency 
of the standard strengthen the hypothesis of Fritz and eo-workers 2 that the 
reference standard is deteriorating. It may therefore be advisable to re-evalnate 
the potency of the U. S. P. reference standard for vitamin D and to re-examine 
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recent data obtained by comparative assays with this standard. The substitution 
of a primary standard lor the cod-liver oil standard should be considered. We 
concur in the recommendations of Arnold 1 and of Waddell and Kennedy 10 that 
pure, crystalline vitamin D, be adopted as the reference standard for vitamin 
D preparations. 
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EFFECT 


OF TYROSINE, TRYPTOPHANE, AND THIOURACIL 
ON MHLANUItIA 


Aiikaham G . White, M.D. 

Ni:\v Yohk, N. Y. 

T HERE has been much speculation on the origin ot’ melanin and melanogen, 
pigments widely distributed in nature and found in pigmented tumors. 
Eppinger 1 concluded from feeding experiments with tryptophane and tyrosine 
in a case of melanosareoma that tryptophane was the precursor of melanogen. 
Eapcr 2 demonstrated that tyrosine was converted to melanin by tyrosinase. 
Paschkis and co-workers 3 found that thiouracil inhibited the in vitro formation 
of melanin by tyrosinase. 

The purpose of the present investigation was to repeat the experiments of 
Eppingor and to determine the effect of thiouracil upon the melanin metabolism 
of a 47-year-old white woman with a melanosareoma presumably arising from 
the adrenal gland and metastasizing throughout the body, as revealed by post- 
mortem examination. In the course of those studies, an improved method for 
the quantitative determination of urinary melanogen was developed. 


METHODS 

The urinary nichuiogcn was determined as follows (modification of Thortuiihlen reac- 
tion'') : 

To 5 e.e. of urine, f> e.e. of a 33t{, per cent (w/v) solution of sodium lutroprussido 
were added, followed by 5 e.e. of a 10 per cent (w/v) sodium hydroxide 
solution, and then by 5 e.e. of a 33i{| per cent solution of acetic acid. The 
solution was made up to 500 e.e. with water. Five cubic centimeters of 
a standard indole solution (containing 0.5 mg. per cubic centimeter) were 
treated similarly. An A. 0. model Fisher eleotrophotometer with a 050 A 
filter (with a wave length range of 000 to TOO mg) was used for the colori- 
metric comparisons. 

Calibration studies with aqueous indole solutions indicated a high degree of conformity 
of tho Thormiihlen reaction with Beer’s law (Fig. 1). Quantitative recovery of added indole 
from urine was close to 100 por cent in tho range of the patient’s urinary "melanogen 
concentrations (35 to 50 mg. per cent), as shown in Table I. 


T.uile I. Urinary Indole Recovery Experiments 


ACTUAL 

OBSERVED 

AVERAGE OBSERVED 


CONCENTRATION 

CONCENTRATION 

concentration 

PER CENT 

(MG. %) 

(MO. Vo) 

(mg. Vo ) 

recovery 

15 

10.5 

1G.G 

16.6 

110.7 

30 

33.-1 

32.5 

32.9 

109.6 

50 

•19.2 

■17.5 

•1S.1 

96.8 

05 

<34.1 

63.0 

63.6 

97.9 
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Fig. lv — Electrophotometrlc scale* reading 1 (scale A) equals 100 X — log per cent transmission). 
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WIIJTK 


Rothmans reported that the Tlioriiiiililcu tv.it is negative in indicanuria. I have aUo 
observed one subject with imlieanuria whose urine yielded a negative nitroprus.-ide reaction. 
Indican, tlicrefoie, is not likely to be contused with melanogen. 

KXI’KUIMKNTAI, 

Our patient was fed 1.5 (I in. of (ll-lryptophunc, on each of two days, and 
2.0 Gm. of 1-tyrosine, on another clay, as aqueous suspensions flavored with 
lemon juice. 

The results tire presented in Fig. 2. 

In control studies of twenty-four hour urine .specimens collected from ten 
hospital patients without melanomas and on a regular hospital diet, the Thor- 
miihlen reaction wits negative. In addition, random urines from about 100 
patients with diverse diseases yielded a negative Thormiihlen reaction. Urines 
collected during the twenty-four hours following the feeding of 1.5 Gm. of 
dl-tryptophane to each of five normal men and 2.0 Gm. of 1-tyrosine to each of 
five others failed in all eases to give the Thormiihlen reaction. 

After the tyrosine and tryptophane feeding experiments were completed, 
0.2 Gm. of thiotiraeil was administered to our patient three times a day. On 
the sixth day of drug administration the urine, which had previously been 
brownish-black, began to lighten in color, and by the eighth day the color 
approximated that of normal urine. Daily observations were made on each 
sample for one week or more. These normally colored urines did not darken 
through the week or more of observation after voiding, even though they were 
exposed to light (conditions under which melanogen is converted to melanin). 
The drug was discontinued on the tenth day. Three days thereafter the urine 
again became black. The patient died at this point, and the experiment could 
not be repeated. 

Thiouracil did not affect the urinary color directly. 'When 0.2 Gm. of it 
(several hundredfold excess) was added to 10 c.c. of black urine and incubated 
at 37° C. for twenty-seven hours, no change in color was observed. 

DISCUSSION 

Investigators studying patients with meianosarcoma and melanuria have 
been limited by the fact that such patients do not live very long after the 
melanuria is detected; in this respect our patient was no exception. 

In our patient both tyrosine and tryptophane increased the melanogen 
excretion slightly above the mean daily output of 122.4 + 30.0 mg., expressed 
as “indole,” in the control period. After tryptophane was fed 154.9 and 156.4 
mg. were excreted; after tyrosine, 169.4 milligrams. These results do not 
confirm the difference in the behavior of the two amino acids found by Eppinger. 
It should be noted that his patient was vomiting when she was fed tyrosine, 
which may account for his failure to observe any increase in the urinary 
melanogen excretion afterward. 

A possible mechanism of thiouracil action in our patient is the inhibition 
of tyrosinase activity in the tumor cells. 
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Lynn and He Marie," studying the mclanophorcs of tadpoles, and Juim, 7 
the feathers of brown Leghorn eapons, observed decreased pigmentation after 
thiouraeil, but these reaetions apparently did not involve the inhibition o 
tyrosinase. 

After this study had been completed, Sugiura 8 reported that daily ingestion 
of 15 mg. of thiouraeil by mice had no inhibitory effect on the giowth o 
transplanted Ilarding-Passcy mouse melanoma. 


SUMMARY 

1. The feeding of tyrosine and tryptophane to a patient with inelano- 
sarconia and melamiria resulted in a small, possibly significant, increase in the 
urinary excretion of melanogen. 

2. Thiouraeil administration caused the urine to change from black to a 
normal color. 

3. The color reverted to black when the drug was discontinued. 

4. A possible mechanism of the thiouraeil action is the inhibition of 
melanin formation in the tumor cells. 

I wish to extend my thanks for the advice and encouiagemcnt given by Dr. Louis Loiter, 
Chief of the Medical Division, Montefiore Hospital. 
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ALLOXAN DIABETES IN TIIE .HOUSE 

Arnold Lazarow, Ph.D., M.D. 

Cleveland, Ohio 

A LIHOUUH the effect of alloxan has been studied on a large number of 
species (rabbit,'-’ 3 dog, s rat, 5 ** monkey, 3 man, 1 frog, 11 and duck 13 ), to 
date no reports have been noted on the production of diabetes in' the mouse. 
Inasmuch as it is desirable to use a small diabetic animal when working with 
expensive materials, as would be the case with tracer substances, this study on 
mice was undertaken. We were interested in studying the effect of diphospho- 
pyridine nucleotide (D.P.N.) on the action of alloxan and consequently turned 
to mice to conserve materials. Diphosphopyridine nucleotide and alloxan have 
been reported to compete with each other in a yeast apozyinase system. 10 Since 
the alloxan inhibition of this enzyme system can be reversed by adding large 
quantities of diphosphopyridine nucleotide, it was thought desirable to test 
the effect of diphosphopyridine nucleotide on the production of diabetes with 
alloxan. 

METHOD 

Alloxan monohydrato was injected intravenously into the tail vein of the mouse, 
the mouse was immobilized in a glass cylinder. The tail protruded through a notch in the 
rubber stopper used to plug ono end. Au air hole at the opposite end served for ventila- 
tion. The entiro mouse was warmed on the heating coil of a 50“ C. oveu for one to 
several minutes. The induced vasodilatation in the tail facilitated the intravenous in- 
jection. A 26-guuge hypodermic needle was used, and blood was drawn into the syringe 
before starting the intravenous injection. The alloxan was injected as a 1 per cent solution 
in distilled wator. Blood samples (0.05 c.e.) wore removed forty-eight hours later by 
cutting the tip of the tail (after wanning the mouse), and the sugar was determined by 
the Folin-ACalmros microiacthodA 

.the diphosphopyridine nucleotide preparation” used for the injections was ouly 20 
per cent pure and was injected in doses of 750 mg. per kilogram intravenously. A separate 
vein was used for the alloxan which was injected two to live minutes following the 
diphosphopyridine nucleotide injection. 


DATA 

Table I shows the effect of injecting various doses of alloxan intravenously 
in the mouse. The animals were allowed food and water, ad libitum, before and 
during the experiment. When no alloxan was administered the blood sugar 
levels of seven of eight mice varied between 169 and LSO i ng. per 100 e.c.,- only 
one mouse bad a blood sugar value slightly greater than 200 mg. per 100 cubic 
centimeters. The average forty-eight hour blood sugar is tabulated for the vari- 
ous doses of alloxan used. The average forty-eight hour blood sugar values 
given in Table I also include those of animals which did not show any blood 

From the Department of Anatomy, School of Medicine. Western Reserve University. 
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sugar response to alloxan. The incidence of diabetes can be judged by the num- 
ber of mice with forty-eight hour blood sugar values greater than -oO mg. per 
100 cubic centimeters. Mice with mild or questionable diabetes are included in 
the group whose forty-eight hour blood sugars arc greater than -00 mg. per 
100 cubic centimeters. 


Table I. Effect of Ali.ox.vx Injection ( Intravenous) on Mice 



NUMBER | 
or 

MICE 

POSE OF 
ALLOXAN | 

( MG./KG.) 

AVERAGE 
IS-HOUR 1 

i BI.OOI) 

| SUGAR 

% OF MICE WITH 1 

-IS-IIOUR BI.OOI) 
SUGAR 

(> 200 MG./ 100 C.C.) 

% OF MICE WITH 
48-HOUIl BLOOD 
SUGAR 

(> 250 MG. /100 C.C.) 





0 


30 

40 

50 

75 

100 


203 

35S 

372 

404 

000 


50 

71 

100 

100 

100 


0 

43 

50 

ss 

100 


At a dose of 40 mg. per kilogram, three of seven mice had forty-eight horn 
blood sugar values ranging between 504 and 644 mg. per 100 cubic centimeteis. 
Two showed forty-eight hour blood sugar values slightly greater than 200 mg. 
per 100 e.c., and the remaining two showed forty-eight hour blood sugai 
values slightly under 200 mg. per 100 cubic centimeters. Clearly, then, only 
43 per cent of seven animals developed significant diabetes at an alloxan dose 
of 40 mg. per kilogram. When the dose of alloxan was increased to 75 mg. per 
kilogram, seven of eight mice showed blood sugar values, at forty-eight hours, 
ranging between 436 and 596 mg. per 100 cubic centimeters. Only one of eight 
mice showed a blood sugar value at forty-eight hours of 240 mg. per 100 cubic 
centimeters. Thus, alloxan in doses of 75 mg. per kilogram produced diabetes 
in nearly all of the mice injected. 

Two mice were injected intravenously with diphosphopyridine nucleotide 
in doses of 750 mg. per kilogram. Inasmuch as the diphosphopyridine nucleo- 
tide was only 20 per cent pure, this corresponds to a dose of 150 mg. per kilo- 
gram of pure diphosphopyridine neucleotide. Alloxan was injected in doses of 
75 mg. per kilogram two to five minutes following the diphosphopyridine nu- 
cleotide administration, separate veins being used for each intravenous injec- 
tion. Blood sugars were determined at forty-eight hours. The two animals 
receiving diphosphopyridine nucleotide plus alloxan had forty-eight hour blood 
sugars of 518 and 626 mg. per 100 cubic centimeters. Consequently, no effect 
could be attributed to the diphosphopyridine nucleotide injection. 


DISCUSSION 

It will be noted that mice respond to the intravenous injection of alloxan. 
The dose of alloxan required to produce diabetes in mice seems to be somewhat 
greater than that required for rats. For in the latter animal, the intravenous 
m3ection of alloxan in doses of 40 mg. per kilogram produced diabetes in 95 
per cent of the animals injected. 12 As has been previously reported, 12 when 
alloxan is injected intravenously much smaller doses are required to produce a 
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given level of diabetes than is the case when the alloxan is inject ed intrape ri- 
toneally. This lias also been found true in the mouse. 

The amounts of diphosphopyridine nucleotide and alloxan used in these 
mouse experiments are of the same order of magnitude as the concentrations used 
by Kensler and eo-\vorkcrs l< ' in studying a yeast apoxyma.se system. In these 
latter experiments an apo/.ymase preparation was suspended in buffer pH 6.5 in 
the presence of magnesium chloride, glucose, and hexose diphosphate. When 
the alloxan concentration was 2.2 10' 1 molar and the diphosphopyridine nucleo- 

tide concentration was 15 /tg per 4 c.c., the enzyme activity was inhibited to the 
extent of 92 per cent. However, when the alloxan concentration was kept con- 
stant and the diphosphopyridine nucleotide concentration was increased to 525 
pg per 4 e.c., only 7 per cent inhibition took place. A diphosphopyridine nucleo- 
tide concentration of 525 pg per 4 c.c. corresponds to a concentration of 133 tug. 
per liter, whereas an alloxan concentration of 2.2 x 10' 1 molar corresponds to a 
concentration of 35 mg. per liter. In the mouse experiments the alloxan was 
injected in doses of 75 mg. per kilogram to insure diabetes. However, the con- 
centration of alloxan that is actually acting on the mouse cannot he accurately 
determined. At the pH of the body (7.4), 50 per cent of the alloxan present is 
converted to a nondiahetogenie compound, alloxonic acid, within the first three 
minutes.” The rate of conversion at pH 6.5 (the conditions used in the apozy- 
mase experiments) would he expected to he much less, although the precise rate 
has not been determined. Alloxan is also ivducod to diuluric acid by glutathione. 
However, the rate of inactivation of alloxan by glutathione in the intact mouse 
or in the isolated apozyma.se system studied by Kensler and co-workers 10 cannot 
be accurately determined. Tims, although the conditions in the mouse experi- 
ments cannot be accurately compared with those used in the apo/.ymase system, 
the amounts of alloxan and diphosphopyridine nucleotide used were of the same 
order of magnitude. The fact that no protection was observed cannot be taken 
as evidence that a competition between alloxan and diphosphopyridine nucleo- 
tide does not take place in the body, inasmuch as the latter compound may not 
be able to penetrate the cell membrane; although one might suspect that with 
beta cell degeneration taking place, the permeabilities might also be changed 
sufficiently to permit such a compound to penetrate. The presence of phos- 
phatase in the blood may also have played a role in destroying the diphospho- 
pyridine nucleotide administered. 


SUMMARY 

Alloxan, injected intravenously, produced diabetes in the mouse. With a 
close of 75 nig. per kilogram seven of eight animals showed a forty-eight hour 
blood sugar value ranging between 436 and 596 mg. per 100 cubic centimeters. 
In two experiments using a large dose of diphosphopyridine nucleotide, injected 
immediately preceding a diabetogenic dose of alloxan, the course of the diabetes 
was not altered. 
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BACTEREMIA AND ACUTE MENINGITIS DUE TO 
ALCALIGENES FAECALIS 

A Case Report 


Luther L. Terry, M.D., e Baltimore, Md., Johx Iy. McB.yne, M.D.,f Santa 
Cruz, Calif., and Kathryn F. Dean, M.T.,J Baltimore, Md. 

A LCALIGENES faeailis is generally considered to be saprophytic and non- 
/i pathogenic. However, it seems well established that this organism can 
produce disease. A review of the literature reveals that A. faccalis has been 
associated with a variety of clinical conditions. Anderson 1 cultured it from the 
blood of two patients who exhibited a syndrome simulating rheumatic poly- 
arthritis. The organism was isolated from the blood of a patient with acute 
hepatitis and jaundice by McIntyre.- An Alealigenes type of bacillus was cul- 
tured from the blood of a patient with a typhoidlike state by Hazen and 
Mortillaro , 3 and from the blood of three patients with gangrenous appendicitis 
by Weiss . 4 It was thought to be the cause of death in a patient with protracted 
sepsis reported on by Goldberg . 5 The organism has been cultured from gall- 
stones 5 and renal calculi . 7 It has been considered the pathogenic agent in cer- 
tain types of infant summer diarrhea 8 and the cause of a few cases of adult 
entercolitis . 0 

There are only four cases reported in which A. faccalis was responsible for 
meningitis. Voorhies and Wilen 10 described a case with A. faccalis bacteremia 
and meningitis which apparently responded to sulfadiazine therapy. Spray and 
Hawk 11 reported a case of meningitis following otitis media. Mason 12 reported 
a meningitis complicating a meningocele, and Gatewood 13 described a case of 
meningitis following a craniotomy. 

The case reported herein apparently represents the fifth case of meningitis 
due to A. faecalis to be described in medical literature. 

CASE REPORT 

A. S., a 42-year-old merchant seaman, was admitted to the hospital on ilav 11, 104(1, 
complaining of fever and weakness. He had been well until four days previously when he 
first noted intermittent periods of chilliness and fever. The following day he began to cough 
and noted general malaise and aching over the entire body. The symptoms gradually increased 
in severity and he vomited on two or three occasions. A few hours prior to admission he began 
perspiring profusely and noted extreme weakness. The remainder of the history was non- 
contributory. 

Physical Examination . — On admission physical examination revealed a well-developed and 
well-nourished male who appeared prostrated. Tempcratuie was 37.2° C. (99° F.) ; pulse 
82 • and blood pressure, 132/72. There was mild hyperemia of the pharynx and a few scattered 
crackling rales were heard over the lung fields. 
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Hospital Course.— X tentative diagnosis of atypical pneumonia was made upon admis- 
sion but the chest x-ray was clear. The patient was treated symptomatically but remained 
restless and complained of headache and some vertigo upon standing. On the third hospital 
day the headache became more intense, and slight rigidity of the neck was noted for the 
first time. The temperature which had been normal except during the first few hours in the 
hospital rose to 3S° C. (100.5° !•'.). Lumbar puncture revealed a bloody lluid under 210 mm. 
of water pressure. It was not cultured. The patient was not relieved by the spinal puncture 
but continued to complain of severe headache anil vomited frequently. The temperature, 
remained about 37.7° C. (100° F.). 

On the fourth hospital day the spinal lluid was still bloody and under slightly increased 
pressure. The patient remained conscious and oriented but complained of headache almost 
continually and vomited frequently. On the fifth hospital day the laboratory reported growth 
of a motile gram-negative bacillus with slight tendency to bipolar staining. The patient was 
then started on streptomycin intramuscularly (2.0 Gnt. daily divided into equal doses every 
three hours) and intrathecally (0.1 Gin. daily) and sulfadiazine. The blood sulfadiazine 
level was maintained about 10.0 mg. per cent. Streptomycin blood levels were not done. 

Tho organism recovered from the spinal lluid on four successive days and from one blood 
culture was a motile gram-negative rod that did not produce acid or gas on carbohydrate 
media, produced an alkaline reaction in litmus milk, reduced nitrates to nitrites, and was indol 
negative. It was identified by our laboratory as A. faecalis. Subcultures from the spinal 
fluid and blood were also sent to the Bureau of Bacteriology of the Maryland State Depart- 
ment of Health and the identification of the organism was confirmed. The organism was not 
mhibited by 16 per milliliter of streptomycin or by 10 mg. per milliliter of sulfadiazine. 

Following the institution of therapy with streptomycin and sulfadiazine the temperature 
rose over the next two days, reaching 39.5° C. (103.1° F.) on the seventh hospital day. The 
patient’s general condition was otherwise unchanged. However, during this time the spinal 
uid changed from bloody to cloudy fluid containing about 1,000 cells and cultures became 
aegativo for A. faecalis. A blood culturo taken just before treatment was started was posi- 
lT e for A. faecalis. About tho fifth day of treatment the temperature, which had been 
ranging about 39.5° C. (103.1° F.), began to drop by lysis. The headache decreased in 
■density and the patient appeared greatly improved. The subsequent clinical course was one 

0 gradual, progressive recovery. 

The intrathecal streptomycin was discontinued after nine days but the intramuscular 
reptomycin was continued for thirteen days and the sulfadiazine for seventeen days. 

Prior " mCe - n ° ^° rta ^ entr l" °f the infection was obvious, the patient was carefully surveyed 

1 . r 0 discharge from the hospital. Several routine urine analyses were negative and 
c,/t— Pyelogram was normal. A. faecalis could not be recovered from several stool 
s j. |^ e f’ Proctoscopic examination showed no abnormalities. Gastrointestinal series showed 
s . 2rr egularity of the duodenal cap, but no ulcer could be identified. There was slight 

... , , 1C , 1 ^ of the sigmoid colon on barium enema, but no diverticuli or other abnormalities 
c °uld be found. 


Other fi ?. ra,0r ^ Fadings. — The most significant laboratory findings are shown in Fig. 1. 
count if Q 111 ^ 8 were as follows: On admission the hemoglobin was 14.2 Gm. ; white blood 
cytes' c ’ °° CU ^*° m lll ime ter with 69 per cent neutrophiles (14 stabs), 3 per cent mono- 

'vcro'ne ® osirio Philes, and 22 per cent lymphocytes. Blood Kline and Kahn tests 

Phile h'rinaly.si.s showed an alkaline reaction and no significant findings. A hetero- 

tlter Wa f 1:14 ' -Agglutination titers were: typhoid “O,” 1:20; typhoid 

Proteus >ioy,n F T, atyilh0 ! i A ’ 1:20 ? Paratyphoid B, 1:40; Brucella abortus, negative; and 
negative. 

negative° Il tl llSCllarge t!le patient’s white blood count was 9,200; hemoglobin, 13.2 Gm.; urine, 
A. faecal:* 16 Spinal fluld and blood cultures showed no growth. Specific agglutinins for 
^ ^ were uot present in the blood at any time. 

for follow-un ' ? Exa . mil \ aUon - The patient was readmitted to the hospital on Nov. 2, 1946, 
stated that ho “T. 1 . 1 ®’ approximately five months following discharge. At that time he 
s eehng well. He complained only of occasional frontal headaches and mild 
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vertigo. Complete physical examination, including detail neurological survey, was completely 
negative. Lumbar puncture revealed a clear lluid under normal pressure and with normal 
dynamics. The cell count was 0 and the globulin was negative and there was no growth 
on culture. 

The patient was again observed on May 20, 10-17, about one year after the illness. Com- 
plete neurological examination was again essentially normal. 
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Fie- 1. — Summary oC pertinent clinical and laboratory data on a case of A. faeealis bacteremia 

and meningitis. 


COMMENT 

The isolation of .1. faeealis in pure culture four times front the spinal fluid 
and once from the blood seems to establish a ease of bacteremia and acute menin- 
gitis due to this organism. Though .4. faeealis is fairly frequently encountered 
in stool cultures, it is generally not thought capable of producing disease. A 
few instances to the contrary have been cited herein. This case serves to illus- 
trate that A. faeealis can produce disease under certain circumstances. Un- 
fortunately we are unable to attribute this pathogenicity to a lack of resistance 
on the part of the host or to a proved increased virulence of this particular 
strain or organism. There was no known event to suggest a decrease in re- 
sistance of the host, and animal virulence tests were not done with the cultures 
of A. faeealis. 

The part therapy played in the recovery of this patient is also uncertain. 
The in vitro sensitivity tests on the organism revealed that growth was not 
inhibited by 16 /xg per milliliter of streptomycin or by 10 mg. per milliliter of 
sulfadizine. Both of these figures indicate considerable resistance on the part 





























BACTEREMIA AND ACUTE MKNMNUITIS I.UK TO Al.CAU.iKNKS 1'AIX’AUS 12G» 

of the organism, and generally one- does not expert a ta\oia!>le ' ' 

treatment under sueh eireumstanees. The. slow cluneal response 1 ■ ‘ ' 

casts considerable doubt relative to the etteet of eithei stiep oinjein 
diazine. However, there may have been some synergist to ac u > > J 
two. One would not have expected recovery without some spect ie tei. 

effect, but spontaneous recovery cannot be disproved. . 

Textbooks of bacteriology express doubt, relative _ to the pro* uc ton of 
specific agglutinins for A. facialis in patients with in lections c tie o 18 
ganism. However, Wyatt" and Stuart, Thompson, and Ivrikonan' have tout ^ 
agglutinins present in low tiler. The ease reported h> ^ 001 ms ant 
(lid not show agglutinins. They were not demons! ruble in this ease. 

SUMMARY 

A case of acute bacteremia and meningitis due to A. faecalis is desc ’ 
Despite high in vitro resistance of the organism to both sticptomjcm an su a 
diazine alone, the patient recovered under treatment with t lese two a 0 en s , 
synergistic activity mav have been present. No preceding infection 01 poi o 
entry for A. faecalis could be demonstrated. Agglutinins for A. faecalis coul 
not he demonstrated in the blood after recovery. Follow-up examinations ve 
and twelve months after the onset of illness failed to reveal am a moima 1 les. 
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LABORATORY METHODS 


THE THYMOL TEST OF MA CL AG AN 

Standardization and Adaptation to the Evelyn Photoelectric Colorimeter 

Hector Ducci, M.D. 

' Santiago, Chile 

I N THE course of work with the thymol test of Maclagan, 1 * 2 started early in 
1945, it soon became apparent that the visual estimation of turbidity was 
not convenient for precise investigation. 

Standards prepared according to King and Ilaslewood, 3 obtained from 
two different sources and also from our laboratory, were slightly different. 
Moreover, comparison in the case of lipcmic or deeply icteric sera was difficult 
or impossible. 

In an attempt to obviate these disadvantages, a blank prepared with serum 
and 0.85 per cent sodium chloride (1 to 60 volumes) was introduced for each 
determination. Although this modification made easier the measurement of the 
turbidity of sera with a high bilirubin or fat content, it did not eliminate the 
errors inherent to visual methods of nephelometric analysis. 

In order to use the photoelectric colorimeter for the turbidimetrie determina- 
tions, an easily reproducible and stable calibration was necessary. Serum plus 
sulfosalieylic acid and barium sulfate were found unsuitable as standards, due 
to great variation in the results obtained. Finally a copper sulfate solution was 
adopted for calibration ; it is easily prepared and gives in different experiments 
almost identical readings at 660 ft. 

In this study the Evelyn photoelectric colorimeter has been used. ' 

EXPERIMENTAL 

Choice of Filter . — 

Measurements at 660 ft are very convenient, due to little interference with 
bilirubin and hemoglobin light absorptions and due to enough sensitivity for 
turbidity. Shank and Hoagland’ 1 have emphasized these points. 

Calibration . — 

Scrum With Known Protein Content: The turbidity developed when 3 
per cent sulfosalieylic acid is added to diluted serum is the method recom- 
mended to check the gelatin standards in the thymol test. 2 

Sera of known protein concentration (Kjeldahl in duplicate) were diluted 
with 0.85 per cent sodium chloride, so as to obtain solutions corresponding from 

Witli a grant from the Rockefeller foundation. 

From Section A of Medicine (Dr. Hernan “Alessandro, Hospital del Salvador. 

Received for publication, May 27, 1017. 
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8 to 200 mg. of protein per eent; that is to say, from 0.8 to 20 thymol units. 
Three volumes of 3 per eent sulfosalie.vlic acid were added to each tube, and 
the readings were made in the Evelyn photoelectric colorimeter with No. 000 
filter. 

The results obtained with different sera and also with the same serum at 
different moments were very variable, as shown in Fig. 1. 

This inconsistency of the turbidimetrie measurements of serum protein 
has also been demonstrated for different albumin preparations by Shank and 
Hoaglaud. 4 

THYMOL UNITS 



Barium Sulfate: Shank and Hoagland 4 have advocated a barium sulfate 
standard for the calibration of the spectrophotometer in the thymol test. 

When this procedure was first employed very high values were found, but 
this was due to a typographic error in the original paper. The barium chloride 
solution is 0.0962 M (2 per cent) instead of 0.0962 N (1 per cent), according 
lo the correction in the reprints. 

Calibration with the bai’ium sulfate standard is also variable, even if the 
same reagents and the same temperature are used, as shown in Fig. 2. This is 
Probably due to different size of the precipitate particles and renders this method 
inconvenient for photoelectric calibration. 

Thymol Purity . — 

The chemical purity of the thymol crystals has certain importance in the 
turbidity values obtained. Using two different brands, discrepancies were found 
ln a great number of sera studied, as shown by the typical examples given in 
Table I. The reagents were prepared with the same chemicals and precautions, 
except for the thymol crystals. 

Blank . — 

Even if the No. 660 filter is used in the photoelectric measurements, it is 
convenient to run a serum blank to eliminate the influence of natural opalescence, 
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Table X 


SERUM 

THYMOL CRYSTALS 
FKiTZCHK UKOriiKKS, JXC. 

(XKW YORK) 

(r.virs) 

FROM 

MERCK 

(DARMSTADT) 

( EXITS) 

1 

6.0 

7.0 

o 

11.06 

1 us 

3 

1.6 

1.0 

l 

10.11 

13.18 

5 

10.8 

12.56 

6 

3.1 

•1.3 

7 

3.1 

5.0 

S 

u.:i 

1 1.50 


THYMOL UNITS 



Fig 1 . 2. — Calibration with barium sulfate. Only thiee illustrative examples are reproduced. Values 
are expiessed according to Slunk and Hongland,* and in thymol units. 


hemolysis, or high bilirubin content completely. This is shown in the typical 
examples given in Table II where readings using thymol buffer and serum plus 
saline as blanks, are compared. 

The use of a serum-saline blank depends on having a clear thymol buffer. 
In our experience it has never become opalescent or turbid on standing, but this 
can happen under certain conditions apparently related to climate. Watson, 5 
for instance, stated: “The thymol buffer solution is not as constant as one 
might wish; its turbidity varies a little from batch to batch, and from time to 
time. We find that on standing it becomes visibly more turbid over a period of 
weeks, and that this cannot be removed by filtration.” Schloss® also refers to 
variations of the thymol reagent. 

If one has to work with a more or less turbid thymol buffer, it is more 
convenient to use it as a blank instead of serum-saline. 

After many trials, the following calibration has been adopted. It is very 
easy to perform and, although it is purely empirical, the values obtained are 
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Si- RUM 


THYMOL llUFKl.lt 
(UNITS) 


1 

o 


■ 1.3 

2.00 


3 

1 

5 

0 

7 

8 


2.13 

0.2 

12.00 

3.2 

3.3 

n.o 


ltl.ANK 


SERUM PLUS SALINE 
(UNITS) 

o 

1.39 
2.3 
3. 1 
1 1.50 
2.89 
2.8 
3.8 


similar to those reported by Maelagan with the visual estimation. A blue solu- 
tion has been used since the readings for turbidity arc taken with a red (No. 660) 
filter. 

METHOD 

Calibration. — A 5 per cent aqueous solution of copper sulfate (CuSOi.oELO) 
is prepared and filtered if necessary. To 2 ml. in an Evelyn tube, 8.5 ml. of 
distilled water are added. From this diluted solution, 3 ml. and 1.5 ml. are 
placed in a second and third Evelyn tube, respectively, and the volume is 
taken up in both to 6 ml. with distilled water. The readings are made in the 
Evelyn colorimeter, using the No. 660 filter, the 6 c.c. aperture, and bright 
light, with distilled water as a blank. The equivalence of .the standards m 
thymol units and a typical example of calibration are shown in 1 able III. 


Table III 


2 ml. of 5 i er cent cuso,.5ii,o 

+ 8.5 ML. ( P DISTILLED WATER 

DISTILLED WATER 

UNITS 

G 

1 6 ml. 

_ 

20 

54' 

3 ml. 

3 ml. 

10 

73 

1.5 ml. 

4.3 ml. 

5 

85 


The straight line relationship between the optical density of the standards 
i*s shown in Fig. 3. For convenience, a table with the correspondence between 
& values and thymol units is reproduced (Table IV). 

The intensity of the blue color is not dependent upon the brand of copper 
sulfate or the time elapsed between preparation of the solution and colorimetric 
readings. Salts from three different sources (Baker; Schering, Kahlbaum; and 
Merck, Darmstadt) gave identical G values soon after preparation or after stand- 
ing overnight at room temperature. 

Procedure. — The thymol buffer is prepared as described by Maelagan, 2 using 
reagent grade thymol crystals. As the final pH of the solution somewhat 
varies, it is convenient to adjust it to 7.8. The buffer is stored at a temperature 
over 20° C., as recommended by Maelagan. On standing over a long period, the 
thymol solution may show a small amount of precipitate at the bottom of the 
flask; although it could still be used, it is better to discard it. 

In each of two Evelyn tubes, 0.1 ml. of serum is measured; 6 ml. of thymol 
buffer and 6 ml. of 0.85 per cent sodium chloride are added, respectively. After 
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Table IV. Equivalence Between Galvanometer Healings (G) in the Evelyn Photo- 
electric Colorimeter, and Thymol Units (Filter Xo. 0(30, 0 c.c. 

Aperture, and Bright Light j 




1 

*) 

3 


0 

1 

•> 

3 

09 

0.4 

0.33 

0.23 

0.19 

73 

9.9 

9.S 

9.7 

9.0 

OS 

0.7 

0.03 

0.50 

0.19 

72 

10.3 

10.2 

10.1 

10.0 

97 

1.0 

0.93 

o.so 

0.79 

71 

10.8. 

10.08 

10.30 

10.11 

90 

1.3 

1.23 

1.10 

1.09 

70 

11.3 

11.1S 

11.00 

10.94 

93 

1.0 

1.33 

1.40 

1.39 

09 

11.8 

11.08 

11.50 

11.14 

94 

1.9 

1.83 

1.70 

1.09 

OS 

12.3 

12. IS 

12.00 

11.94 

93 

o o 

2.13 

2.00 

1.99 

07 

12.S 

12.0S 

12.50 

12.14 

92 

2.3 

2.13 

2.30 

2. ‘20 

00 

13.3 

13.1S 

13.00 

12.94 

91 

2.S 

2.73 

2.00 

2.59 

03 

13.S 

13.08 

13.50 

13.44 

90 

3.1 

3.03 

2.90 

2.39 

01 

11.3 

14.18 

11.00 

13.94 

S9 

3.5 

3.4 

3.3 

3.2 

03 

11.8 

1 1.0S 

1 1.50 

14.44 

SS 

3.9 

3.S 

3.7 

3.0 

02 

15.3 

15.18 

13.00 

11.94 

ST 

4.3 

4.2 

1.1 

4.0 

01 

13.8 

13. OS 

15.50 

15.14 

SO 

4.7 

4.0 

4.3 

4.1 

00 

10.1 

10.25 

10.1 

15.95 

83 

3.1 

3.0 

1.9 

i.S 

39 

17.0 

10.S3 

10.7 

10.33 

S4 

0.0 

5.4 

5.3 

5.2 

3S 

17.0 

17.43 

17.3 

17.15 

S3 

5.9 

5.S 

0.4 

5.0 

37 

1S.2 

1S.03 

17.9 

17.75 

S2 

0.3 

0.2 

0.1 

0.0 

30 

18.8 

1S.05 

1S.3 

1S.33 

SI 

0.7 

0.0 

0.3 

0.4 

33 

19.1 

19.23 

19.1 

1S.95 

SO 

7.1 

7.0 

0.9 

0.S 

54 

20.0 

19.85 

19.7 

19.33 

79 

7.o 

7.4 

7.3 

7.2 

33 

20.0 

20.43 

20.3 

20.15 

78 

7.9 

7.S 

i./ 

7.6 

52 

21.2 

21.03 

20.9 

20.73 

77 

S.3 

S.2 

S.l 

s.o 

51 

21.9 

21.73 

21.50 

21.39 

76 

S.7 

S.G 

S.3 

S.l 

30 

22.0 

22.43 

ooo(; 

22.09 

/a 

9.1 

9.0 

8.9 

s.s 

19 

23.3 

23.13 

22.90 

22.79 

74 

9.3 

9.1 

9.3 

9.2 

IS 

24.0 
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jj.j g 3 Calibration with copper sulfate. Values are expressed in thymol units. 
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standing for ono-lialf to one hour, readings ore taken in the l^el\n eoloi iincte 
(No. GGO filter, 6 e.e. aperture, ami bright light), using the serum-sal. nc tube 
as a blank. If the thvmol solution is more or less turbid, a butter blank is su >- 
stitutcd for the serum-saline one. The value in thymol units is obtained trom 
Table IV. It is convenient to shake the serum-thymol tube gently beiore placing 
it in the colorimeter, for some sedimentation may occur even in t us s unt une. 

After completion of the readings, the content of the sei um-t i\ mo u )C is 
placed in a small Pyrex tube and left undisturbed overnight to alow oiseiv.i 
tion of the amount of precipitate formed. This is graded fiom 0 (aiscnt) o 
plus; no 4 plus value has been used for some of the precipitate i cumins at leicn 
to the walls of the tube, even with strongly positive sera. 


NOH.M AI. AND l*ATI 101.0(110 VALUKS 

Using the method described, the range tound in 100 apparent! j noimal 
subjects was from- 0.4 to 4.0 units. 7 - s In only five of these eases some precipitate 
occurred after eighteen to twenty hours; four were recorded as 1 plus, and one 
as 2 plus. 

In 152 of 170 cases of hepatocellular jaundice studied in the acute phase 
of the disease, the thymol turbidity test was over 4 units (89.4 per cent). Of the 
total, 111 were examples of infectious (sporadic) hepatitis, and fifty-nine, ot 
cirrhosis with clinical icterus (thirty-four proved by punch biopsy, peritoneos- 
copy, or post-mortem examination). In 113 of these same eases (66.4 pei cent) 

some degree of flocculation was observed." 

The thymol turbidity test was negative in twenty-two of thirty-five eases 
of obstructive jaundice (62.S per cent) in w-hich the diagnosis w T as confirmed 
by operation, necropsy, or punch biopsy; thirteen cases were due to cancer, 
nineteen to coledocoiithiasis, and three to benign stricture of the common duct. 
Flocculation was negative in thirty; three of the positive results were 3 plus, 
and tw-o, 2 plus. 0 

DISCUSSION 

The thymol test of Maclagan is a useful complement to the laboratory study 
of diseases of the liver and bile ducts, as demonstrated by various reports. 2, 

A drawback of the test is the visual estimation of turbidity advocated by 
^laclagan. 1 - 2 Moreover, the gelatin standards of King and Haslew-ood 3 are not 
easy to prepare and vary in opalescence when they are obtained from different 
sources. 

Albumin plus sulfosalicylic acid and barium sulfate have been demon- 
strated unsuitable for calibration on the colorimeter because they give incon- 
sistent results. 

Recently, Kunkel and Hoagland, 14 besides stating that the barium sulfate 
■suspension has certain disadvantages, have advocated Evans blue dye (T-1824) 
a s a standard of reference. Although this calibration is based on the same 
general principles -of the one here presented, the concentration of 3 y per cubic 
centimeter (equivalent to 20 units) appears overestimated, for normal sera 
give values up to 8 units. It corresponds approximately to 10 units, using 
die copper sulfate solution as reference. 
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Ley and associates 13 have described an expression of the values for turbidity 
as cubic centimeters of barium chloride suspension. Besides being purely 
arbitrary, and based on barium sulfate obtained from 1 per cent barium chloride, 
it is subjected to the same criticisms as is Shank and Hoagland ’s calibration. 
There is no advantage in eliminating the original expression of results in units. 

Additional data are needed to appreciate the value of the thymol floccula- 
tion. It has been less often positive, both in hepatocellular and obstructive 
jaundice, than the thymol turbidity. Apparently thymol flocculation is more 
useful in the follow-up of chronic hepatitis, as recently demonstrated by Neefe. 10 


SUMMARY 


A modification of the thymol test of Mac-lagan is presented. The values for 
turbidity are obtained in the Evelyn photoelectric colorimeter, using No. G60 
filter and a blank of serum plus physiologic saline. A buffer blank is employed 
when the thymol solution is more or less turbid. 

The instrument is calibrated with a copper sulfate solution and the values 
expressed in units as originally advocated. 

This calibration is easily performed, is independent of the salt brand, and 
is reproducible. 

Flocculation is observed after eighteen to twenty hours and is expressed as 
0, 1 plus, 2 plus, or 3 plus. 

Normal values with this method are exactly those reported by the originator 


of the test. 
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THE COLLOIDAL RED TEST FOR TIIE STUDY OF 
HEPATIC DYSFUNCTION 


IIectou Ducci, M.D.* 
Santiago, Chile 


TPIIE colloidal gold test, ns modified by Maclagan, 1 is a valuable help in the 
1 laboratory study of hepatic disease. 1 '* Nevertheless, the preparation of the 
gold sol, used as a reagent in the test, has to lie done with meticulous care, follow- 
ing many technical details, which renders it a cumbersome procedure. 

Recently, Maizcls 3 has suggested the use of a colloidal suspension of 
scarlet red which is added to three different dilutions of serum. In this test 
characteristic changes in color are observed in normal and in pathologic condi- 
tions. The main drawback of this reaction is the difficulty that arises in reading 


the results when icteric, hemolyzed, or opalescent sera are used. 

After many trials, we° have adopted a test in which a modified led sol 
is used and which is carried out following the general principles of Maclagan s 
colloidal gold reaction. A buffer with a lower pH is used for the colloidal red 
suspension is more stable than the gold sol. 

According to our present experience, the results of this test are the same 
as those obtained with Maclagan ’s colloidal gold reaction, and the red test has 
the advantages of being more reproducible and much simpler. 


COLLOIDAL RED TEST 

Reagents. — 

1. Stock scarlet red solution : A saturated alcoholic solution of scarlet red 
(Scharlach R, Sudan IV) f is made by putting some of the powdered dye in a 
bottle and dissolving it in absolute ethyl alcohol. It is stored in the incubator 
at 37° C. at least for twenty-four horn’s before using. The solution must be 

saturated. 

2. Buffer: (pH 7.53) 0.325 Gm. of barbital-sodium (sodium diethyl- 
barbiturate; (C2H5)2:C:(CONNa.CONH) :CO), 0.639 Gm. of barbital (acid 
diethylbarbituric ; (C2H5)2:C:(CONH)2:CO) and 0.2 Gm. of phenol (carbolic 
acid; C6H50H) are dissolved in 90 ml. of distilled water with the aid of heat, 
and after cooling, the volume is taken up to 100 milliliters. The pH is then 
cheeked and adjusted if necessary. 

3. Scarlet red reagent : 10 ml. of the stock scarlet red solution in a 250 ml. 
Erlenmeyer flask and 50 ml. of distilled water in a 100 ml. Erlenmeyer flask are 
warmed to about 55° C. The water is then quickly added to the dye solution. 
The mixture is boiled first in the water bath and then over gauze till the final 
volume is about 20 milliliters. The volume is then made up to 800 ml. with 
distille d water. The reagent is kept in the refrigerator. 

Received for publication, June 6, 1947. 

•From Section A of Medicine (Dr. Heman Alessandri), Hospital Salvador, 
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Procedure. — 

In a small Pyrex test tube, 0.0a ml. of serum and 0.5 ml. of buffer are 
placed. After mixing, 2.5 ml. of scarlet red reagent are added. The results are 
read, after the tubes have been left undisturbed at room temperature overnight, 
according to the following: 

0 — No change 

1 = Paint precipitate, visible only after shaking 

4 = Supernatant fluid slightly colored, with heavy precipitate 

5 — Clear supernatant fluid with heavy precipitate 

(2 and 3 are intermediate grades of flocculation, mainly judged by the 
color of the supernatant fluid) 

The data obtained by using this test, as compared with the cephalin floccula- 
tion, the colloidal gold test, the thymol test, the Takata-Ara reaction, and the 
Gros test, will be the subject of separate communications. 7 


REFERENCES 

1. Muclagnn, X. F. : The Serum Colloidal Gold Reaction as a Liver Function Test, Brit. 

.1. Exper. Path. 25: to, 1944. 

2. Alessandri, H., Dueei, IL, and Douoso, II.: Experienciu Clinieu eon la Reaeeimi del 

Oro Coloidal on el Suero, Espeeialmente on el Estudio de las Afeecioiies Ilepato- 
biliares, Dia mod. 18: 1495, 1940. 

3. Armas, It., Cabello, J., Lobo, G., and Montero, E.s La RencciGn del Oro Coloidal en el 

Suero Sanguineo, con Especial Beferencia a las Enfermedades hepatobiliares, 
Bov. mod. de Chile 74: 015, .1919. 

4. Neefe, ,L It., and Roinhold, .1. G.: Laboratory Aids in the Diagnosis and .Management 

of Infectious (Epidemic) Hepatitis. Analysis of Results Obtained by Studies on 
34 Volunteers During the Early and Convalescent Stages of Induced Hepatitis, 
Gastroenterology 7: 393, 194(5. 

o. ATaizcls, JL: Empirical Tests of Liver Function, Lancet 2: 451, 1940. 

0. Dueei, H.: La reaction del Rojo Coloidal y la Adaptaeidn al Colorimetro Fotoelectrico 
de la Reaccion de Euturbiamiento al Timol do Maclagau (Communieacida prelim- 
inuar), Rev. mod. de Chile 74: 773, 1940. 

7. Dueei, H., and Roeschmann, IV.: The Value of the Flocculation Reactions in tho Dif- 
ferential Diagnosis of Jaundice. To be published. 



PRODUCTION OF POTKNT BLOOD OROUPINO SURA 


Wim.iam ('. Bovo, Ph.I). 

Boston, Mass. 

'TRIE procurement of potent blood grouping sera is a problem of importance 
i to all those interested in research in blood groups and during Moild Mai 
II was also a source of concern to the military authorities. It was not unti 
1944 that Witebsky, Klendshoj, and McNeil 7 published a simple method which 
seemed to meet the demands. This involved the injection of small amounts ot 
a mixture of A and B substances of animal origin into human volunteers ol 
groups A and B. Since that time a number of workers'-' 1 have shown the use- 
fulness of the method. 

The present paper is designed to report the results ot another routine appli- 
cation of the method of Witebsky and co-workers' and to comment briefly on 
the safety and suitability of the procedure. From a group of medical students 
nine volunteers were selected and each given an intravenous injection of O.J 
c.c. of saline mixed with 0.1 c.c. of a solution of mixed A and B substance* 
(7 mg. of A substance drived from hog stomach, and 5 mg. of A and B sub- 
stance derived from horse stomach). No women were chosen because of the 
(very remote) possibility that the injection might at some later date favor 
sensitization to A or B factors during pregnancy,' but otherwise no selection 
was exercised, and the first ten men who volunteered were chosen. One of these 
later became apprehensive and dropped out of the experiment. 

In my first use of these A and B materials, fear of an allergic type of 
reaction following the injection was not entirely absent from my mind at any 
time. - No such reaction has ever occurred, however, and it is interesting to 
record that Dr. S. B. Hooker, who before injection tested the present group of 
volunteers for skin sensitivity to the A and B materials as well as to pork and 
horse and human salivas of groups A and B, found nearly every individual to 
exhibit some skin reactivity to one or more of the test substances. One of the 
subjects exhibited a rather marked reaction to pork. Nevertheless, none of the 
subjects noticed any reaction, either immediate or delayed, following the injec- 
tion. The danger from the procedure, judged by the total absence of symptoms 
ui a large number of experiments in addition to those reported here, must be 
considered negligible. 

The increases in isoagglutinin titer are shown in Table I. There was no 
difficulty, even with such a small group, in selecting from titrations of the trial 
bleedings one satisfactory A donor and one satisfactory B donor, which was 
oil that was desired. From this and previous work the impression has been 
" cUUC( I that about one-half of the volunteers respond with increases of titer and 

From the Boston University School of Medicine. 
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avidity sufficient to make their serum entirely satisfactory for use in routine 
blood grouping. In the present experiment the titer of the group B sera against 
A, cells was not determined before the injection was made, since it was decided 
to use one of the donors in any case. The anti-A, titer which is shown by Sub- 
ject 3, however, indicates that there had been a great increase in activity for 
this subgroup, and earlier work 2 shows that group B individuals, in fact, often 
show much greater relative increases in titer to A. than to A„ as well as great 
increases in avidity for A 2 . This is one of the notable advantages of the Witeb- 
sky method of producing blood grouping sera, for reagents prepared in other 
ways often show inferior agglutinating power for the A s antigen, especially 
when it is in combination with the antigen B in the subgroup A.B. 1 Since many 
of the errors in grouping which are made in hospitals and in the Armed Forces 
probably result from a failure to recognize the presence of the antigen A s , 
this is a point of considerable importance. 


Table I. Change in Titeb* or Isoagglutinins Two Weeks .Vitek an Injection or 

A and B Substance 


SUBJECT 

GROUP 

BLOOI) 

INITIAL TITEB 

FINAL TITEB 

| A, CELLS | 

IS CELLS i 

| \ CELLS 

| A, CELLS | 

B CELLS 

1 

B 

12S 



512 

12S 


2 

B 

512 

— — 

S192 

512 



3 

B 

512 




1024 



4 

A 


32 



250 

5 

A 

— — 

04 

— 


12S 

6 

A 


04 



250 

7 

A 

* 

32 



04 

8 

A 



10 



512 

9 

A 

-- 

S 

— 

— 

10 


♦Titer equals reciprocal of highest active dilution. 


About 300 c.c. of blood were taken from Subject 2 and about 400 c.c. from 
Subject 8. The amounts of serum recovered from the clotted bloods were about 
150 c.c. in each case. These sera, seem to keep their activity indefinitely when 
kept frozen in the deep freeze. 

It is interesting to speculate on the possible military applications of Witch- 
sky’s methods, in case large amounts of good blood grouping reagents should 
suddenly be desired in time of war. Suppose we have the problem of grouping 
10,000,000 members of the Armed Forces. About twenty tests can be obtained 
from 1 c.c. of serum, but let us assume that we get only fifteen tests per cubic 
centimeter. Let us further assume that only one-half of our volunteers respond 
with the production of satisfactory isoagglutinins and that we obtain an average 
of 200 ml. of serum per volunteer. (Actual experience indicates that more serum 
than this can easily be obtained and, furthermore, that the agglutinin titer often 
remains high enough to enable successive bleedings to be taken at safe intervals. 
Moreover, many of the sera obtained are so potent that they can be diluted 
1 :4 or 1 :8 with saline before use.) From these veiy conservative figures we can 
compute that 2 x 10,000,000/(15 x 200) =6,666 volunteers of group A and an 
equal number of group B will be required. This is a perfectly reasonable num- 
ber of persons to deal with when one considers the large numbers that can be 






ritODUCTIllN or l’OTKNT BLOOD OUOUl’ING SK.HA 


1277 


vacciuatcd in a short time, and it is altogether probable that the favorable fac- 
tors mentioned would reduce the number to little more than 1,000 volunteers 
of each group, with the result that a single organized center could produce 
enough blood grouping sera to determine the blood groups of the nation's en- 
tire Armed Forces. The expense would be largely confined to costs of personnel 
to give the injections, determine the final titers,* and package the product. 
Aside from the packaging and distributing costs, the total expenses might be 
less than $1,000. 

summary- 

A routine use of the Witebsky method of producing potent grouping sera 
. is described, and some considerations as to its suitability and low cost, in peace 
and in war, are offered. 
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A SIMPLIFIED “QUALITATIVE" METHOD FOR 1IETEROPUILE 
ANTIBODY DETERMINATION USINO CAPILLARY BLOOD AND A 

WHITE CELL PIPETTE 


Alfred S. Evans, M.I). 

New Haven, Conn. 

S INCE the demonstration of a heterophile antibody in the serum of patients 
with infectious mononucleosis in 1!)32‘ many recognized methods for its 
determination have been published, all of which depend on the use of inactivated 
serum. An increasing interest in this disease and the recognition of ambulatory 
and asymptomatic forms'-’ 3 suggested that a simplified “qualitative” test might 
be of value in clinic and survey work. 

The purpose of this paper is to describe the technique of such a test, using 
capillary blood and a white cell pipette, and to report the results obtained with 
its use. 

EXPERIMENTAL CONSIDERATIONS AND PROCEDURES 


For purposes of comparison with methods using scrum for the determina- 
tion of sheep cell agglutination, dilutions of whole blood must lie considered in 
terms of the amount of heterophile antibody actually present. Since red cells 
occupy roughly one-half the volume of whole blood in normal individuals, two 
times any single dilution of whole blood would be the approximate equivalent of 
any similar dilution of plasma or serum alone in terms of the amount of hetero- 
phile antibody. The term equivalent titer will be used in this paper to express 
this relationship when whole blood dilutions are compared with serum dilutions. 
This same relationship should be true of most patients with infectious mononu- 
cleosis since this disease is rarely associated with an anemia. 

Another factor bearing on the use of indicated whole blood for agglutina- 
tion tests is the presence of hemolysins against sheep colls in normal human 
scrum and in the serum of patients with infectious mononucleosis. Since actual 
demonstration of this capacity usually depends on the addition of complement 
as well as on incubation in a water bath, it was believed that less difficulty 
would be encountered from hemolysis if these procedures were avoided. With 
these considerations in mind, an experiment with whole blood was carried out 
to determine the practical applications of these concepts. 


Whole Blood Method . — Serial twofold dilutions of eitriitcd whole Wood were ma ’e in 
saline solution in amounts of 1.0 ml. each. The tubes were centrifuged; 0.5 ml. of the 
supernate in each tube was mixed with an equal amount of 1 per cent suspension of sheep 
red blood cells and centrifuged at 2,000 r.p.m. for one to two minutes. The tubes were 
then shaken and the highest final dilution to show visible agglutination was taken as the 
end point; this was doubled to obtain titers comparable to dilutions of serum alone, and 
they were recorded as such. 
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Stamhud \l, lhn,l. -The technique \LhTLLu 

p irtmuit of I!,-. ,1.1. I, llioralnues was ,1. To -t umd at hc 

m amount- ol 0 3 ml. euh, ecpnl xolu.ne of 1 pc <c.t -lu.',* «“* UU f 1,11 4 ' P 
«as added ; the tubes were incubated n .17“ «a.e, Imll. lor two •»,.! plat 

m the .eel, ox overnight. Headings ue.e made the loll„u,n« «n««n»'K !lt M l,ak,,,, V * / 

the highest tin .1 serum .l.lut.on -bowing .i KK luti.iat.oi. ««*» iis ,lle t,tw * Af f‘ 

..nation titers of 1:100 or more we.e cm-idccd ns «lelm,tvl> elevated mill are referred 

is “ po-itive ” m this piper. 

Tlu- lesults of simultaneous determination of sheep led blood cell agglu- 
tination titers by the methods outlined are listed in table I lot ten seta, live 
of which were from patients with pioved inteetious mononucleosis. It appeals 
that the equivalent titeis obtained by both methods were closely comparable. 
Furthci moi e, it should he leeorded lh.it no hemolysis of sheep icd blood cells 
was observed in the experiments in which indicated whole blood was employed. 
These observations appeared to substantiate the them etic considerations dis- 
cussed pieviouslv and formed the experimental basis lor the simplified lest. 


Tuiifc I. Cosu'MunvK Hi sums or Sin fc Hru Bioop fna. 
Whoi l Biood and With Is vet tv.vi r i> Smew as Mi vswtn> 


Ataa.e ltKAiiox Ti sis With 

in Ts.s Sami'H-s or Blood 


swim: 

Silt bl* -It li ( . 

AC.CiLL l IN AX IO V titbit* 

vvnoi t: in ood vi t riioi) 

| S! VNOAItD SbHUU Mt NtOD 

1 

20 

10 

O 

20 

40 

3 

10 

10 

1 

-10 

40 

5 

80 

80 

0 

100 

100 

7 

G10 

040 

8 

010 

040 

9 

010 

010 

10 
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•Titer Is txpiessul ih icclproc il of scrum dilution 


tiu: feiMi'ianno ‘ ‘ q taijItative method 

1. Capillary blood was drawn u p to the 0 3 maik in a standard white cell pipette and 
diluted to the 11 mark with noinial saline. 

2. This mixture was placed in a small test tube measuiing approximately 7 cm. m 
ltngtl. and with a diameter of 0 3 <rn., and an equal volume of saline was added by refilling 
the white cell pipette to the 11 mark. 

I. The tube was centrifuged at approximately 2,000 r.p in. for one to two minutes. 

1 The supeinatant fluid was drawn up to the 11 maik on the white cell pipette and 
mixed with an equal volume of 1 per (ent sheep red blood cell suspension in another small tube. 

J. The Ust tube was tcntrifuged as before at 2,000 r.p.m foi one to two minutes and 
then shaken or struck sharply with the tips of the fingers until the sedimented cells became 
dislodged from the bottom of the tube. If definite qvideme of agglutination was seen after 
thorough shaking, the test was recorded as “positive”, if no agglutination was visible and 
the red blood cells bad become iesuspended, the tost was lecordoel as “negative.” 

Tlie tenn positive is used in the same sense as that just described under Standard 
Method, tint is, a titer of sheep red blood (ell agglutination eonsideied unequivocally elevated, 
wlule the term negative includes all titers occurring within the normal range The use of 
these terms appears justified since the equivalent titer u-ed in the simplified test in these 
experiments actually corresponds to a dilution of serum of 1-1 00, picviously taken as diagnos- 
tic m the standard method. It should be mentioned that a dilution equivalent to 1:80 can 
e obtained merely by drawing blood up to the 1 0 mark on the white cell pipette an/1 pro- 
ceeding as close ribed. 
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While the designation;) posithe and negative were always used iu reporting results, a 
rough estimate of the actual titer in terms of serum dilution could be gained by observation 
of the typo of agglutination: (1) High titer serum resulted in a tightly packed mass of 
agglutinated red blood cells that was dislodged easily from the bottom of the tube but 
tended to remain iu largo clumps on shaking; (2) titers iu the low ‘‘positive” range of 
1:100 and 1:320 resulted in more finely dispersed agglutinated particles; and (3) titers in 
the high normal range of 1:S0 suggested agglutination when the tube was first agitated, 
but rapidly went into suspension. 

Sheep red Idoo 1 cell suspensions were often found suitable without rewashing for as 
long as five days if stored at icebox temperatures. 

COMPARISON OF RESULTS OBTAINED WITH THE SIMPLIITKD AND 
THE STANDARD METHODS 

One hundred twenty “qualitative” tests performed on capillary blood by 
the simplified method were cheeked by the standard method with serum obtained 
on the same day, and the results are listed in Table. IT. It will be seen that 
in no instance was there disagreement between the results obtained by the two 
methods: The results of ninety -four tests which were negative by the simplified 
method using capillary blood, when cheeked by the standard method using in- 
activated serum, showed titers that fell into the normal range. Similarly, all 
twenty-six positive tests using the simplified method were confirmed by finding 
significantly elevated sheep red blood cell agglutination titers by the standard 
method. It should also he noted that the results of the simplified test agreed 
with those of the standard method even at “borderline” titers of 1 :S0 and 1 :1G0. 

Eighty-four additional tests have been carried out by the simplified method. 
Of these, ten were found to be positive, and subsequent determination by the 
standard technique on the serum of seven of them confirmed these results. 
The remainder of the eighty-four tests were negative and were in agreement 
with the final diagnosis both from a clinical and a hematologic standpoint but 
were not checked by' a standard quantitative method. 


Table II. Comparative Results of Sheep Red Blood Cell Agglutination' Tests 





STAND \UD 

METHOD 

SIMPLIFIED 

METHOD 


NEGATIVE* 

! 

positive! 

NEGATIVE | 

POSITIVE 

tithe t 

<10 

10 20 

40 

80 

100 320 010 12S0 2300 



Number of teats 

20 

29 23 

15 

7 

3 3 11 7 2 

94 

20 

Total tests 


91 



20 

94 

26 


•Negative = Sheep red blood cell agglutination titer within the normal lange. 
t Positive = Sheep red blood cell agglutination titer within the lange diagnostic of infec- 
tious mononucleosis, namely, 100 or moie. 

tTlter is expressed as recipiocal of serum dilution 

DISCUSSION 

The technique of a simplified “qualitative” method of determination of 
heterophile antibody' has been described and the results obtained with this test 
have been confirmed with a standard quantitative method in 120 instances. 
The simplified method as used in these experiments was set up at a dilution 
equivalent to that of a 1 :160 dilution of serum. While it has been stated that 
the presence of agglutination at this titer has been regarded as unequivocal 
evidence of a significantly elevated titer, it is evident that no precise dividing 
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point can actually be determined between the normal and the abnormal. It is 
felt, however, that agglutination at this titer occurs in a negligible numbei of 
normal human sera and can usually be accepted as diagnostic of infectious 
mononucleosis in the absence of recent serum injections. 1* or those desiring a 
more sensitive test that might indicate early or convalescent cases, of infectious 
mononucleosis, the simplified test is easily adjustable to the equivalent serum 
dilution of 1:80 as described under Method. Thus at the higher dilution the 
test can be used as a diagnostic tool and at tiie lower dilution tor survej uoik 
during a suspected epidemic. 


SUMMARY 

1. Theoretic and practical considerations pertaining to the use of whole 
blood instead of inactivated serum for the determination of sheep red blood cell 
agglutination have been discussed and investigated. 

2. A simplified “qualitative” method of heterophile antibody determina- 
tion using capillary blood and a white cell pipette has been described. 

3. Comparative results of 1*20 tests determined by the simplified method 
have been cheeked using a standard technique and no instance of disagreement 
found. 

4. The simplified test is adaptable either to survey work or to diagnosis. 

Appreciation is expressed to Dr. John S. Hathaway, Yale University Health Depart- 
ment, for suggesting the need for such a test as reported and for aid in collecting data, and 
to Miss Buth Northev, of that same department, for technical assistance. 
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A SIMPLE method for the determination of 
SALICYLATES IN BLOOD 


MaUIO Voi/l'EKKA, M.D., AND MlLDKKD I). JACOBS, B.A. 

New York, N. Y. 

T HE following is a rapid and simple method for determining salicylates in 
the blood. It is based on the use of the xanthoproteic reaction. 

TECHNIQUE 

Mix thoroughly I ml. plasma or serum with !) ml. trichloracetic acid (7 per 
cent) and let stand fifteen minutes. Filter through a Whatman No. a paper 
(the filtrate must be absolutely clear). Deliver 2.5 ml. of filtrate into a test 
tube marked at 10 ml. and mix thoroughly with 1 ml. IINO a (concentrated). 
Add distilled water to 5 ml. and mix again. Place in boiling water bath for 
five minutes. Cool in cold water bath. Add 3 ml. NaOII (GO per cent), mix 
thoroughly, and cool in cold water bath. Dilute to 10 ml. with water, mix, and 
read in colorimeter. 

- RESULTS 

The readings by means of the photoelectric colorimeter® with filter No. all t 
were plotted against the amounts of sodium salicylates dissolved in normal 
human plasmaj (see Table I). I'nder those experimental conditions the inten- 
sity of the yellow color is found to be directly proportional to the concentration; 


Table I. Recovery Valves of Sodium Salicylates ix JIuma.v Plasma in Comparison 

U'mr tii e Theoretic Readings 


CONCENTRATION of 

SALICYLATE 1 

fMG C %) 

colokimeteii 

READING 

ft 

COLORIMETER 

READING 

ft 

COLORIMETER READING 
CORRESPONDING TO 

I S C 

5 

30 

39 

40 

10 

SO 

SO 

SO 

13 

120 

120 

120 

20 

161 

101 

100 

23 

200 

200 

200 

30 

23G 

240 

240 

33 

273 

273 

2S0 

•10 

314 

324 

320 

45 

338 

353 

300 

50 

404 

407 

400 

35 

449 

449 

440 

GO 

4S4 

47S 

4S0 

70 

500 

500 

500 

SO 

040 

040 

040 


From the Division of Chemistry, Laboratories of the Alount Sinai Hospital. 
Received for publication, June 20. 1917. 
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fCorning Glass Works. 

tHunian sera contain small amounts of phenol derivatives which contribute to the 
vmthooroteic reaction. Although they do not correspond to more than 3 mg. per cent 
dovecot in cases of renal insufficiency, hepatitis, and a few rare conditions-), this factor was 
eliminated by preparing the curve with dilutions of salicylates in human serum. 
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in the present ease, by a factor of 8. Thus U, the colorimeter reading, equals 8 
x C, the concentration of salicylate in milligrams per 100 cubic centimeters. 

A series of comparative determinations with our technique and that of 
Coburn 1 showed them to be in good agreement (see Table II). 


Table It. Comparison or Values Between Xanthoproteic ft caution and the Technique 

or Counts 1 


xo. 

XAXTHOIMSOTKIO 

roiiuiix 

DimiUKXCK 
(MO. %) 

1 

8.3 

9.2 

-0.7 

o 

37.5 

40.0 

-2.5 

;t 

25.5 

23.3 

+ 2.2 

4 

15.0 

15.0 

0 

5 

7.5 

7.9 

-0.4 

e 

12.0 

11.7 

+ 0.3 

7 

15.0 

15.0 

0 

s 

0.5 

0.8 

-0.3 

n 

41.5 

38.2 

+ 3.3 

10 

15.0 

13.5 

+ 1.5 

li 

32.0 

29.0 

+ 2.4 

12 

39.0 

37.2 

+ 1.8 

13 

47.0 

4S.0 

-1.0 

14 

35.0 

33.0 

+ 1.4 

15 

32.0 

32.0 

0 

10 

37.5 

40.0 

-3.1 

17 

38.5 

34.0 

+ 4.5 

18 

41.0 

40.7 

+ 0.3 

19 

33.0 

30.0 

+ 2.4 

20 

18.0 

14.2 

+ 3.8 

21 

55.0 

49.0 

+ 6.0 

22 

0.0 

5.0 

+ 1.0 

23 

30.0 

30.8 

-0.8 

24 

29.0 

32.6 

-3.6 

— 25 

11.5 

10.0 

+ 1.5 


A series of standard potassium dicliromate solutions may be used in place 
0 the photoelectric colorimeter. The shade of the yellow color of diluted 
Potassium diehromate perfectly matches that of the xanthoproteic reaction, as 
oiven by salicylate. These potassium diehromate solutions may be used either 
m the visual colorimeter or in sealed tubes to be matched directly by eye, as in 
e Cva hiation of the icterus index. For this purpose 4.08 Gm. of potassium 
ichromate are diluted to 1 liter to make a stock solution from which the 
senes of standards is prepared. If the stock solution is diluted ten times, the 
jesu ting solution is equivalent to 60 mg. of salicylate. Further dilutions may 
)e prepared for values down to 10 mg. per cent. 


SUMMARY 

A simple and rapid method for the determination of blood salicylates, based 
0,1 e use the xanthoproteic reaction, has been described. 
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T Cobur “> 3; £- l ^ Salicylate Therapy in Rheumatic Fever, Bull. Johns Hopkins Hosp. 73: 

^olterra, kl,: La Reazione Xantoproteica sul Siero e suvli Altri Licmirli Orran^i a 
Determimsmo Chimico e Valore Clinico, Riv. di clim mfd. 29: 531, 1928 & ' ’ SU ° 





THE DETERMINATION OF TIIE HEART RATE IN THE RAT 

Sydney 31. Friedman, M.D., Pii.D., and William S. Martin, B.Eng. 

Montreal, Canada 

S EVERAL investigators have presented data regarding the heart rate in the 
rat. Woodbury and Hamilton 1 used the dosed optical manometer to compare 
several species and reported an average rate of 420 per minute. A more usual 
procedure at present is to calculate the rate from the electrocardiographic trac- 
ing. 2 ’ 3 This latter method has yielded rates averaging 430 per minute. 

In view of the fact that these methods require a certain amount of manipu- 
lation of the animal, it appeared important to devise a method which would give 
absolute data for the rat at rest. If this could be achieved, other methods would 
then be amenable to interpretation. Such a method would be of still greater 
value in the experimental approach to cardiovascular disease if it recorded not 
only the rate of the heart, but gave some indication of the force and character 
of the beat as well. An electric apparatus was devised to meet these require- 
ments. 

APPARATUS 

The apparatus consists essentially of a crystal pickup arranged to receive impulses 
directly from tho chest wall. The output is fed into a cathode ray oscilloscope. The pat- 
tern of tho heart sounds appears on tho screen und this is synchronized with tho sweep of 
the time base. The time baso is calibrated in cycles per minute so that when one com- 
plete heart pattern becomes stationary the heart rate corresponds with tho repetition rate 
of the time base and is read directly from the dial. 

Pickup . — For unancsthetized animals the stand and holder shown in Fig. 1 are used. 
The animal is placed in a cardboard holder of correct size in which an aperture large enough 
to expose the chest surface has been cut. The holder is placed on the carrier slings with 
the animal’s chest directly over the curved brass chest plate. The carrier slings are racked 
up or down to bring the plate into contact with the chest. Contact should be firm but not 
constricting. The heart sounds are conveyed through the chest plate and its connecting arm 
into the crystal. The crystal used is an astatic cartridge type B2. 

Oscilloscope. — Fig. 2 presents the wiring diagram for a three-inch cathode ray oscillo- 
scope with its contained amplifier. This apparatus differs from the commercial varieties only 
in detail. The amplifier uuit is designed to provide high gain with good low frequency 
response down to about 40 cycles per second, which is suitable for the sound frequencies en- 
countered in this work. The time base is adapted for low sweep rates. The frequency dial is 
calibrated in cycles per minute, and the potentiometer control should have a linear taper to 
provide a linear scale. The circuit as designed covers the range of ISO to 720 cycles per 
minute, although switches conveniently extend this range in two further steps. A syn- 
chronization control is available to "lock" the heartbeat with the time base. To do this, 
the frequency rate must be reduced to approximately ono-half that of the heart rate. 
The first heart cycle is used to trigger the time base and consequently does not appear 
in full oa the screen. The following beat, however, appears in full and the pattern 
remains steady without the operator having to manipulate tho frequency control. When 
this control is used, the frequency reading is meaningless. 

From the Department of Anatomy, McGill University. 

This work was supported by a grant from the Life Insurance Medical Research Fund. 
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Fig. 2. 
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Data for the heart rate in the unanesthctized rat as well as in animals 
anesthetized with ether or nembutal are presented in Table 1. The normal 
heart rate of 310 ± 30 in trained unauesfhetized animals averaging 150 grams 
in weight is lower than that previously reported. Nembutal depresses the rate 
only very slightly, while ether conspicuously increases it. 



Table I 


GROUP 

| NUMBER OE ANIMALS | 

CARDIAC RATE 

Normal trained 

OO 

310 ± 30 

Normal untrained 

10 

4S0 ± 20 

Ether 

Preanesthesia (trained) 

5 

300 

Anesthesia 

5 

4G0 

20 minutes postanesthesia 

5 

310 

Nembutal 

Preanesthesia (partly trained) 

G 

350 

GO minutes after injection 

G 

310 

90 minutes after injection 

G 

310 

120 minutes after injection 

G 

310 

(awake) 
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Subsequent work made it clear that the heart late w as exti c nielN la ’ 

A short stem chest contact was prepared and the rats held manna y. 
average rate for such manually held rats was -180 beats per minute. Indeed, 
in several such animals we were able to observe an increase horn a s <u ni 0 
rate of about 300 to more than 450 heats per minute in the space o ni y 
seconds. Similar results were obtained with animals in holders it they ha< 
not previously been trained. It was found that steady and reproducible re- 
sults could he obtained by placing: the animals in holders for one-halt hour a 
day and determining the rate on the third day. lo simplify this we use stanc 
ard millboard mailing cartons with screw lids as holders. A hole for t ie tai 
is bored through the lid and an aperture for the chest contact cut in one side. 
Large groups can thus he handled since the actual determination of late a tei 
training is a very brief procedure. 

For most purposes nembutal given intraperitoneally in small doses is teiy 
satisfactory and avoids the training period without apparently affecting the 
heart rate appreciably. Fig. 3 show's the heart rate curve in an untrained 
animal following a light dose of nembutal. Nembutal is also advisable w'hen 
the heart sounds are to be studied. The normal heart sound picture shows two 
characteristic low' frequency patterns, one of greater amplitude than the 
other. These sounds are close together and occupy about one-half the duiation 
of the cardiac cycle. Murmurs can readily be seen and interpreted. 


SUMMARY 

1. Aii apparatus for the determination of the heart rate in the rat has been 
described. 

2. The normal heart rate in the unanesthetized rat averages 300 pei 
minute. 

3. The apparatus also makes possible the study of heart sounds in this 
species. 
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Erratum 

In the article by Pijper, entitled “The Diffraction Method of Measuring Red Blood 
tells,” in the July, 1947, issue of the Journal, one of the color plates, Fig. 4, is printed 
upside down. 
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EXPERIMENTAL (Ml EMOTIIERAPY OK KILAR1ASIS 
I. Experimental Mkxiiods for Tkstinv. I hums Auainst Naturally Acquired 

FILARIAL INFECTIONS IN COTTON RATS AND OotJS 

R. I. IIcwitt, Sc. I)., W. S. Wai.i.ack, M.S., E. White, A.B., and 
V. SumuRow, M.D., Rn.l). 

Pearl Rivkr, N. V. 

r THE exposure of our armed personnel to filariasis in endemic legions of the 
1 Pacilic theater of war stimulated the search lor new lilaricidal dings in t ns 
country. In 19-15 a report on the known methods of treatment for filariasis was 
prepared by Temkin for the Division of Medical Sciences of the National Re- 
search Council. 1 In this report are listed the results obtained by vaiious in- 
vestigators, chiefly with derivatives of heavy metals, in their attempts to cure 
the disease in man. _ t 

Recent reports by Brown- and by Culbertson, Rose, and Oliver-Gonzalez 
demonstrate promising results in man by the use of Lithium Antimony Tliio- 
malate and Neostibosan. 

Until very recently the search for new drugs to treat filariasis has been 
limited because of the lack of a small, easily available laboratory host. A laige 
proportion of the early experimental chemotherapy on this disease was canied 
out in dogs infected with Dirofilaria immitis. 0 The routine screening of new 
compounds in the dog, however, is virtually impossible because of the relatively 
large amounts of drug needed to treat a single animal. Various investigatois 
have reported the successful treatment of Dirofilaria infections with antimonials, 
and Puadin 7 ’ 8 is at present the drug of choice for the treatment of heartworm 
infections in dogs. Otto and Maren 0 have reported the use of a new arsenical 
for treating this infection. 

Litomosoides carinii, a filarial parasite of the cotton rat ( Siginodon liis- 
Pidus) , is now being used in many laboratories for the bio-assay of filaricidal 
drugs. 10-13 The vector of this parasite has been found to be the tropical rat 
mite ( Liponyssus bacoti) 14 ’ 15 and several papers have been published regarding 
the host-parasite relationships. 10 " 13 Some information has been made available 
regarding the effects of chemical compounds other than antimonials against this 
infection, 10 ’ n > 23 chiefly the cyanine dyes. 

Since April, 1945, filaria-infected cotton rats have been used in these 
laboratories for the routine screening of various nonmetallic, organic compounds 
for filaricidal properties. The methods used for bio-assay, both in cotton rats 
and dogs, and the results of tests on compounds in cotton rats are reported 
herein. 

From the Lederle Laboratories Division, American Cyanamid Co. 

Received for publication, Aug. 7, 1047. 
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KXfKHl.MKNTAI, .MKT HODS IN COTTON HATS 

Naturally infected cotton vats 0 were used as experimental hosts. Animals 
of various ages and both sexes were used. The number of microfilariae present 
in the blood stream upon arrival varied considerably, and no method was de- 
vised for determining the number of adult worms present, in the pleural cavity 
before treatment was initiated. 

Bell and Brown 18 have demonstrated that the microfilariae of Litomosoidcs 
curinii do not exhibit nocturnal or diurnal periodicity, and our studies confirm 
these observations (Table II). 

Method of Counting Microfilariae . — The first criterion which was used for 
determining the effect of a new drug against this infection was the behavior 
of the microfilarial count in the peripheral blood. Bather than strive for ab- 
solute, quantitative values it was apparent that much time would be saved by 
developing a quick qualitative method for examining the blood. Thin smears 
were made from one drop of blood obtained from the cut tails or toes of the rats. 
These were air dried and stained with Gicmsa’s stain, with or without dehemo- 
globinization. The presence of intact red cells did not materially detract from 
the ease witli which embryos could be found under a low-power objective of the 
microscope. Generally, from 25 to 100 microscopic fields were counted, hut 
where very few microfilariae were present, 100 fields were always counted. The 
count, from all animals was then expressed per 100 microscopic fields. 

It is recognized that this method is subject to considerable error, but our 
interest was primarily in an all-or-none effect, and all animals under treatment 
were handled in the same way. 

In our first experimental series, microfilarial counts were made on flic day 
before treatment was initialed and every day thereafter for from two to four 
weeks. In later series this was considered unnecessary, and counts were made 
only before treatment and on the day of autopsy. 

Microfilarial Counts in Untreated Rats . — In Tables I, II, and III data are 
given from untreated rats for varying periods of observation. In each case 
it will be noted that considerable fluctuation occurred in microfilarial counts, 
regardless of how often slides were examined. 

The weekly records (Table III) provide the most pertinent information. 
It will be noted that all of the rats showed a marked increase in microfilariae 
over a period of several weeks observation. This denotes that the animals were 
probably infected with worms which had not all reached maturity when re- 
ceived and subsequently discharged increasingly larger numbers of embryos. 
Similar observations have been made in human infections in children. 3 The 
significance of this observation is that decreases in microfilariae which occur in 
treated animals are probably greater than actually observed over a period of 
time. 

In only one untreated rat of sixty -five which have been studied lias the 
• microfilarial count dropped spontaneously to zero. 

Description of Adult Worms in Cotton Rats. — Litomosoidcs carinii is a 
parasite of the pleural cavity in cotton rats and with few exceptions in more 

• Obtained from the Hegener Research Supply Company. Sarasota. Fla. 
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than 1,000 autopsies adult worms have never been found in any other site. In 
a few cases no worms were found in the pleural cavity, but several occurred 
free in the abdominal cavity. When many worms were present they occurred 
intertwined in masses, generally applied to the dorsal wall, or were located in 
the pockets formed between the lobes of the lungs and the diaphragm. Fre- 
quently, they were applied to the pericardial membrane or to the outer surface 
°f the lungs. Macroscopic host tissue reactions to the presence of living worms 
raiely were found, and when they were removed the pleural walls appeared 
shiny, glistening, and apparently undamaged. 

Living worms recovered from the pleural cavity invariably undergo writh- 
m = ^ovement when placed in 0.8 per cent saline solution and continue this 
activity for several hours at room temperature. They are slick, shiny, and 
transparent when viewed under a binocular dissecting microscope, and the in- 
ternal structure is clearly defined. 

In some animals in w r hich dead worms ■were found at autopsy, particularly 
'ose in which large numbers of worms were killed, extensive adhesions of the 
ear t an d lungs to the pleural cavity wall frequently occurred. Isolated dead 
"orms showed no movement whatever when placed in 0.8 per cent saline and 
* eie stl> etched out for their full length. When viewed under a microscope they 
la a dull, opaque appearance, and the internal structure was not clearly defined. 

When dead worms occurred in masses they were sometimes, but not al- 
" a Js, encased in a caseous, purulent “exudate.” Culbertson and Kose 12 have 
|scubed a similar substance surrounding dead worms following treatment 
"'t i antimony derivatives. Bertram, Unsworth, and Gordon 10 have also de- 
' ' 1 ] cd this substance surrounding dead worms in white albino rats which were 
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experimentally infected with Litomosoidcs carinii through the use of the vector 
Lipomjssus bucoli. We have found it to consist largely of leucocytes and fat 
and believe that it represents a response of the host to the presence of decaying 
worms. 

In later stages of decay, dead worms occurred in tight, shrunken masses, 
were yellowish in color, and were fragmented. 

Of sixty- five untreated rats which were subjected to autopsy, nine showed 
a small number of dead worms. In no ease, however, were large numbers of 
dead worms present, and caseous or purulent material was rarely found. 

Methods of Dosage and Evaluation of Drays in Cotton Rats. — In common 
with all host-parasite relationships used for evaluating the effectiveness of drugs, 
several different methods are available to the investigator for determining 
whether new chemical compounds are active against filariasis in cotton rats. 
The amount of drug given, route of administration, number of days of treat- 
ment, frequency of treatment, and time of autopsy are all variables to which 
some degree of standardization must he assigned if comparisons are to be made 
with known filaricklal substances. 

Using cotton vats as experimental hosts, the only published reports in de- 
tail relative to the effectiveness of treatment with antimony compounds are 
those of Culbertson and Rose, 1 -’ Culbertson and Price, 13 and Lawton and co- 
workers. 30 The effect of cyanine dyes against filariasis in cotton rats has been 
presented recently. 10 * ”* 23 Culbertson and Rose demonstrated that large intra- 
muscular doses of Neostam and Neostibosan (400 to 800 mg. per kilogram) ad- 
ministered once daily, with varying intervals between doses, killed the adult 
worms and produced a gradual disappearance of microfilariae from the periph- 
eral blood. Essentially the same results were obtained by Culbertson and Price 13 
with Stibanose (Solustibosan). VVe have been able to confirm these results in a 
small series of cotton rats. 

Due to the paucity of information regarding the effectiveness of compounds 
other than antimonials against filariasis in any vertebrate host, we believed it 
important to study effects produced by new compounds against both microfilariae 
and macrofilariae in our screening tests. 

In our program, compounds received for testing were administered orally 
or intraperitoneally to cotton rats, depending upon their solubility. If a suf- 
ficient quantity of the drug was available, 100 to 200 mg. per kilogram were 
given orally, or 25 to 50 mg. per kilogram intraperitoneally, as a starting dose. 
Previous experience with drugs used for screening purposes in other host-para- 
site relationships frequently determined the starting dose. If the animals 
survived, treatment was administered twice daily for from two to four weeks. 
For preliminary screening, from one to three animals were used for each test. 
If the compound proved toxic, and a sufficient supply was available, the dose 
was halved and retested. Active compounds were tested at many dose ranges. 

Insoluble drugs were suspended in a 2.5 per cent solution of corn starch 
and were administered orally through a 2 Vi* inch, 18-gauge hypodermic needle 
with a blunted end. Soluble drugs were dissolved in water and were admin- 
istered intraperitoneally through a Vi inch, 23-gauge hypodermic needle. 
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In general, autopsies were performed at intervals of from two to four weeks 
after cessation of treatment, although this procedure was not strictly adhered 
to in the ease of compounds showing suggestive activity m previous tests, mrge 
groups of animals were used when compounds showed an effect a 0 ainst eit lei 
microfilariae or macrofilariae, and autopsies were perfoimed at \aiious intci 
vals after cessation of treatment. In cases where large masses of li\in 0 01 teac 
worms were present no attempt was made to count the exact numbei. 

When precipitous and sustained reductions i» microfilariae occurred during 
treatment, or dead adult worms were found at autopsy following treatment, ic 
peated tests were made on compounds producing these effects. Animals witi 
low initial microfilaria counts (namely, less than 10 per 100 fields) were foun 
to he very unsatisfactory for assay purposes, since reductions m microfilariae 
which might occur were well within the limits of nont rented conti ols. 

Certain obvious sources of error are apparent in the procedures described 
forthe routine screening of compounds against this infection. Longei penocs 
of treatment, more frequent treatment, or longer intervals between cessation 
of treatment and autopsy might have revealed more active compounds than have 
as yet been found. Since practically nothing was known about the absorption, 
excretion, or toxicity of the compounds before tests were made, however, it e- 
came necessary to adopt some uniform plan and to treat all compounds alike 
until experience demonstrated that other methods would produce better lesults. 
Similar situations have been experienced in all screening programs, using various 
host-parasite relationships. Very little is known concerning the mode of action 
of known filaricidal drugs, and it seemed to us that the trial-and-error method of 
bio-assay in searching for new drugs was the best method of approach. 


EXPERIMENTAL METHODS IN DOGS 

Adult Dirofilaria immitis commonly occur in the right ventricle of the heai t 
or may be found in the pulmonary artery near the heart. The number of 
adult worms probably determines the severity of symptoms; namely, emacia- 
tion, weakness, jaundice, and a persistent cough. Worms which may be killed 
by drugs, and probably some which die naturally, are found in the terminal 
branches of the pulmonary artery r within the lung. This has been described 
by Wright and Underwood 7 in dogs treated with Fuadin. 

If a large number of worms are present in the heart when treatment with 
on active compound is begun, it has been assumetb-and with some good sub- 
stantiating evidence, that worms which are killed quickly and simultaneously 
will produce an embolus in the pulmonary artery and kill the dog. Heavily 
infected dogs, namely, those which show a high microfilarial count with severe 
symptoms, are therefore considered poor risks for treatment. 

In our experiments dogs have been used only for determining the effec- 
tiveness of compounds which showed activity in the cotton rat. Essentially the 
same procedures for treatment were used as described for the cotton rat, and 
previous results from the rats provided a rough estimate of the probable toler- 
ated dosage in dogs. Oral doses were administered in capsules. 
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Mierofilarial counts from dogs were made by withdrawing 0.05 c.e. of blood 
from the large vein in one of the forelegs, placing a 22 by 40 nun. cover slip 
over the blood on a glass slide, and counting the entire fresh preparation. Quan- 
titative methods were more feasible in the dogs than in cotton rats, since fewer 
animals were used, and measured samples of blood could be withdrawn fre- 
fjucntly without seriously disturbing the host. 

In some untreated dogs, as well as treated dogs with initial low embryo 
counts (from 2 to 10 microfilariae per 0.05 c.e.), no adult worms were found 
■it autopsy. This has been experienced hv other investigators. 

As lias been mentioned for cotton rats, dogs with low initial mierofilarial 
counts arc unsatisfactory for assay purposes. Any decrease which might occur 
in the mierofilarial count in such animals following treatment cannot be meas- 
ured cither qualitatively or quantitatively. .Moreover, a large percentage of 
these eases invariably . reveal no adult worms at autopsy, and the results of 
treatment are therefore exceedingly questionable. 

Following treatment with Fuadin, the mierofilarial count is reduced within 
one to several weeks and varying numbers of dead worms are found in the lungs 
at autopsy. 7 - a It is frequently necessary to push the dosage to the limit of 
tolerance, however, and in some eases death occurs from acute toxicity. 

For determining the effectiveness of new compounds against Dirofilaria 
infections in dogs, we have used three criteria: (1) a rapid and sustained re- 
duction in microfilariae, (2) presence of dead worms in the terminal blood 
vessels within the lung at autopsy, and (3) improved physical condition of the 
animal. The improvement in the physical conditions of animals following 
treatment is not a certain sign that cure has been affected if it is not accom- 
panied by the destruction of the worms. We have frequently received dogs for 
treatment which were emaciated, sickly, and unkempt. Some of these animals 
were caged and fed adequately for a number of weeks preceding treatment, were 
freed of fleas, and were cured of mange, and all improved in appearance mark- 
edly during their pretreatment period, in spite of the fact that a relatively large 
number of microfilariae were present in the peripheral blood. 

COMPOUNDS TESTED FOK FILARICIDAU ACTIVITY IN COTTON HATS 

Iii our screening program, 517 organic, nonmetallic compounds have been 
tested for activity against Litomosoidcs carinii in the cotton rat. These in- 
cluded 7S organic dyes (phenazines, thiazines, oxazines, triphenylinethanes, 
phenoxazines, acridines, anthraquinones, and fluorencs) ; 31 acids and deriva- 
tives, 21 aromatic amines, 13 aromatic ketones, 7 amino Alkanols, S methanes; 
16 oxazolidines, 62 guanidines, melamines, biguanides, and guanyls, 112 piper- 
azines, 15 pyridines, 8 metanilamides, 20 sulfonamides, 9 ureas, thioureas, and 
urethrones, 22 sulfides, sulfones, and sulfonic acids, 16 pyrimidines and pyra- 
zines, 22 piperidines, 4 triazines, 5 quinolines and isoquinolines, 7 evanamides 
and dicyandiamides, 6 imidazoles and pyrazoles, S dioxanes and morpholines, 
and 25 miscellaneous compounds, including antibiotics and plant extracts. 

Several types of compounds showed activity in the cotton rat, either against 
microfilariae or macrofilariae or both.. The best balance between activity and 
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takUy, l.»wevc, was fiiun.l in .he pip™**. *» « 
which showed filarieidal activity was l-carbetlioxy-4-malD 5 Mng . 

chloride (1S0-U). By the oral or intrapentoneal udm ■ * id rc duc- 

ing ftJ 12-5 to 400 mg. per kilogram this 

tioa of microfilariae m the pcripheial i oo« . luccd by th is com- 

against the adult worms. Because o th 1 presented in separate 

pound and related piperazines, detailed lesuii- l 

papers.- 1 ’- , mnerazincs will be presented 

Data concerning active compounds othei tin 1 1 

when more complete information lias been obtainec . 

DISCUSSION 

The evaluation o£ new eltemieal compound, tot- thevapeutic 

against any naturally acquired infection in animals is su ije standardised 

mere error in the interpretation of results than « the ease whew 

infections arc produced by int redueii.it known numb™ ot parasite’ ’ 

tory hosts, m the ease of such highly standardised intcet one to example, 

as Plasmodium lophurae in the duck and '1 rppunosoma cq I effect 

a single screening test will often give doiimte 

of a lieu- compound. Moreover, in both of these aioia . 7 

known compounds of widely different el.emieal structure can he used 

For testing new compound, Ior 

oratory infection lias as yet been devised. He , ,i 

c arinii in the cotton rat”’ » and Dirofilaria immitis m the dog are h ' 
it is quite probable that in the future a method will be available foi tes » 
drugs against experimental infections of known character m these animals. The 
use of Dirofilaria Mis in the dog, however, will probably never prove satis- 
factory for a large scale screening programs, due to the obvious disadvantages 

of a large experimental host. , x , , . , , 

In evaluating the effects of the different types compounds tested m these 

laboratories, an attempt was made in each case to deteimine le e ec pio ' 
upon both microfilariae and macrofilariae in the cotton rat. Sometimes this 
was not possible, since the animals died while under treatment and the supply 
of drug was not sufficient to make a second trial. In such cases, vs len no * ec uc 
tion in microfilariae occurred during treatment and the amma s ie le ore 
the time planned for autopsy, the drug was listed as inactive. Obviously, this 
cannot be considered a true appraisal of the drug in every ease, since com- 
pounds are known which produce no direct effect upon the microfilariae but 
do kill the adult worms. 12 ’ 13 

The time which elapses between cessation of treatment and autopsy is also 
a factor which may influence the evaluation of new compounds, as will be denom- 
strated in subsequent papers. 21 ’ 22 

Nontreated control animals and animals treated with filarieidal antimony 7 
compounds were not included in each protocol in our screening program. The 
effects of antimony derivatives against Litomosoides ccirinii have been substan- 
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tially demonstrated 12 ’ 13 and the course of untreated infections was studied at 
various times. Since the animals received varied in age, weight, and duration 
and intensity of infection, and because there was no way for determining how 
many adult worms were present, any suggestion of activity produced by new 
compounds was followed by repeated tests. 

Recognizing the variables which accompany the use of naturally infected 
cotton rats for screening new compounds against tilariasis, we believe that this 
host-parasite relationship provides a useful tool in the search for new filaricides, 
particularly since no other small host is available which will serve the purpose. 
The correlation between activity in cotton rats, dogs, and human beings infected 
with filaria has yet to be determined. 

SUMMAICY 

Methods used in testing new chemical compounds for lilaricidal activity m 
naturally infected cotton rats and dogs are described. Data are given relative 
to untreated infections in cotton rats, and the types of compounds tested arc 
mentioned. The filaricidal effect of l-earbethoxy-4-methylpiperazine hydro- 
chloride is discussed. 
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IT. Effect of Piperazine Derivatives Against Naturally Acquired Filarial 
Infections in Cotton Hats a no Dogs 

K. I. Hewitt, Sc.D., B. White, A.B., W. S. Wallace, M.S., H. W. Stewart, 
Pit.D., S. Iyusuxer, Pii.I)., and V. SuiiiiaRow, M.l)., Pir.D. 

Pearl River, N. Y., and Bound Brook, N. J. 

introduction 

I N THE preceding paper 1 it was mentioned that compound 1S0-C (1-carbe- 
thoxy-4-melhylpiperazine Jiydrochloride) produced a reduction in micro- 
filariae when administered orally or intraperitoneally to filaria-infeeted cotton 
rats, and that suggestive action was produced against the adult worms. The 
effect of this compound, on the microfilariae at least, was so mueh more rapid 
than had been reported for any other known compound that an investigation 
of other derivatives was indicated. The organic chemistry departments of the 
Lederle Laboratories Division and the Cairo Chemical Division of American 
Cyanamid Company therefore prepared a number of piperazine compounds 
for testing in the cotton rat. The results of these tests are given in this paper, 
and the synthetic part of the program is reported elsewhere.®* 3 

experimental methods 

In addition to the general procedures reported in a previous paper 1 lor evaluating the 
effects of new compounds against lilariasis in the cotton rut, supplementary methods were 
used in .tire case of the piperazines. Several members of this group of compounds were 
found to produce precipitous reductions in the mierolilnrinl count following various oral or 
intraperitoneal doses. For comparative evaluations it was necessary therefore to select what 
appeared to bo the most active derivative and to use this compound as a standard, particularly 
since no other known filaricidal compounds produced comparable effects. During the first 
few months of this study, l-carbethoxy-4-metliylpiperazine hydrochloride (compound ISO-C) 
produced the most consistent effect against microfilariae and was used as a standard. Data 
from eighty-one cotton rats treated with various doses of ISO-C are given in Table IV. 

Although compound ISO-C was markedly effective against microfilariae in well-tolerated 
doses in the cotton rat, the results obtained against adult worms (Table V), although sug- 
gestive, were not promising. Moreover, doses which reduced the microfilariae of Dirofihiria 
immitis in the dog frequently caused nausea, muscular weakness, profuse salivation, and 
prostration. Another compound was subsequently chosen as a standard. This was 1-diethyl- 
carbamyl-l-metliylpiporazine hydrochloride (Sl-L) . Marked reductions in microfilariae were 
produced by this compound in doses as low as 3 mg. per kilogram in cotton rats; no serious 
toxic symptoms occurred in dogs in therapeutic doses; and by frequent administration a 
large proportion of the adult worms were killed in cotton rats. A detailed report on the 
effects produced by S4-L in cotton rats and dogs is given in another paper in this series, 4 
but for comparative purposes some data regarding its activity are included herein. 

From the Lederle Laboratories Division, American Cyanamid Co., Pearl River, X. Y„ and 
the Calco Chemical Division, American Cyanamid Co., Bound Brook, N. J. 

Received for publication, Aug. 7, 1947. 
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In testing new pi^rarine .lerivntives J- kH-gnim were 

Insoluble (lerivntives were admin- 


the compound was soluble, intruperitoneu 


administered twice daily for from two 50 mg. per kilogram. If 


the doses used, second or third 
e performed within one to 


three times greater 
r formed. It is Quite pos* 
in Table l might have shown 


istered orally in a ‘J .5 per cent starch suspei 
preliminary assays proved tire compounds to be toxic in 
trials were made, halving the doses each time. Autopsus were 

four weeks after cessation of treatment. . . ...i ,iosa"C 

In the case of piperazines which chowed ^nmte' chemotherapeutic 

regimes were used and an attempt was made to deter 1 1 

l,te t. .iiota.il «i.«v«iy ■-« 

were available. If these showed no activity in doses which weie two oi 
than the minimum effective dose of St-L no further tests were- l*e 
sible, therefore, that some of the compounds listed us in.uthe in 
activity at higher doses. 

Types of Piperazines Tested . — In Tables I and II ate listed most of J' 
piperazines and related compounds which have been testec t ms ar in co 
rats. Several other piperazines, some of which were active, \w ie lepoi e 
a later publication. The piperazine nucleus itself showed no ac ivi y nor 
any of its components. The addition of the carbcthoxy radical m position 1, 
with various substitutions in position 4, produced a numbei of compoun s wi 
high microfilaricidal activity. Alkyl radicals imposition letame }° 
tivity as far as the propyl and isopropyl derivatives, but butyl substitut o 
were much less active. Toxicity was increased as the alkyl chain was lengthen . 

Retaining the carbethoxy group in position 1, two othei substitutions 
position 4 retained activity, namely guanyl and carbethoxy • 

The only compounds lacking the carbethoxy group which showed marked 
activity against microfilariae were l-ethylcarbamyl-4-methy piperazine y ro 
chloride (182-L) ; l-diisopropylearhamyl-4-methylpiperazine hydrochloride (17 f- 
b); l-dimethylcarbamyl-4-methydpiperazine hydrochloride (152-L) , ant i 
ethylcarhamyl-4-methydpiperazine hydrochloride (84-L). The attei two com 
pounds are considered as the most active of the piperazines yet tested.. 

Effect of Piperazines on Microfilariae in the Cotton Rat.— The piperazines 
listed in Tables II and III produced rapid reductions in microfilariae m the 
peripheral blood of cotton rats. In some cases the amount of drug necessary to 
produce this effect was very close to the lethal dose, whereas in others it was 
far beneath the lethal dose. In general active piperazines in proper doses pro- 
duced a measurable reduction in microfilariae within twenty-four hours (Table 
III) after the first dose was administered, and this reduction was sustained foi 
as long as treatment was continued. Recurrences of microfilariae frequently 
occurred after cessation of treatment. 

An exhaustive study r of all active piperazines has not been made thus far, 
since the number of animals and amount of drug necessary to carry out such 
a study would have been prohibitive, from the standpoint of both time and 
economy. The comparison given in Tables II and III, however, illustrate the 
effects of eighteen active piperazines, and Table IV illustrates the effects of 
different dosage upon microfilariae, using l-carbethoxy-4-methylpiperazine 
hydrochloride. 
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Table I. Piperazine and Related Compounds Showing no Fjlauicidal Activity in 

Cotton Rats in the Roses Used 


COMPOUND 

NAME 

HIGHEST* 

DOSAGE USED 
(MG./K0.) 

14S-L 

Ethyl carbamate 


150-1, 

Ethyl E -methylenrbamato 


149-L 

Ethyl N-ethylearbamate 


14G-L 

Ethyl IV,N-die(hylearbanmte 
N'-carbethoxyethylenediamino 


144-L 

100 IP. 

220-C 

Ethyl N-ethyl-N-(2-hytlroxyethyl)-carbainate 

100 1.P. 

U-930 

| Piperazine hexahydrato 

800 1.P. 

G3-L 

1 -Phenyl piperazine hydrochloride 

100 1.P. 

5G-L 

1-Ethylpiperazine hydrochloride 

100 1.P. 

U-910 

1,4-Diaminopiperazinc hydrochloride 

100 1.P. 

222-C 

1,4-Dimcthylpiperazino dihvdrochloride 

100 I.P. 

225-C 

l-Carbamyl-4-methyl piperazine 

100 I.P. 

22S-C 

1 -Methyl -4- thioearbnniyl piperazine hydrochlorido 

100 1.P. 

309-C 

Omega- fl- (4-iuothylpiperazy 1 )] -propiophenouo 
dihydrochloride 

12.5 1.P. 

240-C 

2,3-Diphcnylpiperazino diliydrochloride 

100 1.P. 

77-L 

1,4-DiguaiivIpipcrnzine sulfate 

100 1.P. 

214-C 

4-Carbethoxymorphol‘me 

200 Orally 

1S4-L 

l-Carbomethoxy-4-mcthyl piperazine hydrochloride 

G.25 X.P. 

TJ-994 

l-Carbethoxy-4-nitrosopiperazino hydrochloride 

50 Orally 

145-L 

l-Carbethoxy-4- isobutyl piperazine 

100 Orally 

224-C 

l-Carbethoxy-4- (a-hcptyl) -piperazine 

200 Orally 

193-C 

l-Carbetlioxy-4-phcnylpiperazine 

25 1.P. 

209-C 

l-Carbethoxy-4-benzylpiperazine hydrochloride 

20 0 Orally 

GO-L 

l-Carbethoxy-4-aminopiporazino hydrochloride I 

100 IP. 

219-C 

l-Carbamyl-4-carbethoxypiperazino | 

100 IP. 

211-C 

l-Carbethoxy-4-allylpiperazino 

100 r.p. 

192-L 

4- (/3-sulf anylethyl) -1-carbethoxypiperazino 

200 Orally 

195-1, 

217-C 

l-Diethylcarbamyl-l-carbethoxypipcrazino 
l,2-Bis-(l'carbethoxy-4’-piperazino) etliane 

12.5 IP- 
200 Orally 

19G-C 

1-Ethyl 4[2-( . -piperazino 

100 IP. 

I53-L 

l,l’-Carbonyl-l „ ' . t . .-) dihydrochloride 

100 IP. 

168-0 

1,4-Bis- (a-phenyl-(3-benzoylethyl) -piperazine 

100 Orally 

U-6S3 

Ethyl (l-carbethoxy-4-piperazino) -acetate 

100 IP. 

U-G82 

l-Carbethoxy-4-(2-hydroxyethyl) -piperazine 

100 IP- 

162-L 

1-Carbomothoxvpiperazino 

G. 25 1.P. 

164-1, 

1-Carbobutoxypiperazino 

6.25 IP. 

165-L j 

1-Carboisobutoxypiperazine 

6.25 IP. 

lGl-1 

1,4-Dicarbomethoxypiperazino 

6.25 1.P. 

163-L 

1,4-Dicarbobutoxypiperazine 

25 Orally 

166-1 

1,4-Dicarboisobutoxypiperazine 

6.25 IP. 

159-1 

1-Diethylcarbamylpiperazine 

6.25 I.P. 

197-1 

l-Diisopropylcarbainylpiperazinc 

25 1.P. 

198-1 

1-Di-n-butylcarbamylpiperazino 

25 IP. 

199-1 

1-Diisoamylcarbamylpiperazino 

25 IP. 

176-1 

l-Dibutylcarbamyl-4-metliylpiperazine hydrocldoride 

6.25 IP. 

203-1 

l-Phenylcarbamyl-4-methylpiperaziuo 

25 IP. 

293-1 

l-Benzylcarbamyl-4-metbylpiperazine 

25 I.P. 

158-1 

l-Diethylcarbamyl-4-isopropylpiperazine hydrocldoride 

6.25 IP. 

160-1 

1,4-Bis-diethylcarbamylpiperazine 

6.25 IP. 


•Treatment administered twice daily for from two to four weeks. 


More extensive data concerning the effects of l-diethylearbamyl-4-inetiiyl- 
piperazine hydrochloride (84-L) tip on microfilariae in vivo and in vitro are 
presented elsewhere. 4 

Effect of Piperazines on Adult Filariac in Cotton Rats . — In cotton rats 
treated with several of the piperazines listed in Tables II and III, autopsies 
performed at various intervals after cessation of treatment revealed no dead 
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EFFKCT Or MPHKAZINI-S AO A INST KILAHIASIS 
Tabix II. Comparative Mickohi.aricidal Activity and !^nL-im raTO2isl:' L 

DERIVATIVES IN COTTON HATS, USING l-DlETHYLCARUAl YL-1-Ml.T IIYI.l 

HYDROCHLORIDE (SI-L) AS A STANDARD __ 


COM- 

POUND 


NAME 


163-C 

162-C 

217-L 

180-C 

59-L 

82-L 

U-653 

147 -L 

U-655 

IT-801 

61-L 

218-C 

169-C 

76-L 

182-L 

152-L 

177-L 

84-L 


-Phenylpiperazinc hydrochlo- 
ride 

1 1-Carbetboxy piperazine hydro 
chloride 

-Methyl-1- (-i'-morpholino car- 
hamyl) -piperazine hydrochlo 
ride 

Carbethoxy-l-methylpipera- 
zine hydrochloride 
-•Carbethoxy-4-ethylpiperazine 
ll-Carbethoxy-methylpiperazine 
VCarbethoxy-4-propylpipcra- 
zino hydrochloride 
Carbethoxy-4-isopropylpiper- 
azine hydrochloride 
.-Carbethoxy-l-butylpiperazine 
L-Carbethoxy-4-a. butylpipcra- 
zine 

l-Guanyl-4-carbethoxy-piper- 
azine sulfate 

Bis- (4-carbetlioxy-l-pipera- 
zine) -methane 

1.4- Dicarbethoxypiperazine 

1.4- Dicarbethoxy-2-methyl- 
piperazine 

l-Ethylcarbamyl-4-methyl- 
piperazine hydrochloride 
-Dimethylcarbamyl-4-methyl 
piperazine hydrochloride 

I- Diisopropylearbamyl-4- 
methylpiperazine hydrochlo- 
ride 

II- Diethylcarbamyl-4-methyl- 
piperazine hydrochloride 


MINIMUM 
EFFECTIVE 
DOSE 
AGAINST 
MICRO- 
FILARIAE 
(MG. /KG.) 

LI>-o 

MICE 1.1*. 

( MG. /KG.) 

APPROXI- 
MATE 84-L 
EQUIVA- 
LENT 

APPROXI- 

MATE 

CHEMO- 

THERA- 

PEUTIC 

INDEX 

50 I.P. 

140 

0.06 

2.8 

25 I.P. 

275 

0.123 

11.0 

12.5 I.P. 

? 

0.25 

7 

G.25 I.P. 

550 

0.5 

88.0 

50 I.P. 

175 

0.06 

3.5 

100 I.P. 

? 

0.03 

? 

25 I.P. 

S7.5 

0.125 

3.5 

25 I.P. 

100 

0.125 

4.0 

50 I.P. 

125 

0.06 

2.5 

100 Orally 

175 

0.05 

1.75* 

50 I.P. 

285 

0.06 

5.6 

25 I.P. 

175 

0.125 

7.0 

100 I.P. 

500 

0.03 

5.0 

200 Orally 

375 

0.025 

1.9* 

6.25 I.P. 

2,250 

0.5 

360.0 

6.25 I.P. 

310 

0.5 to 

1.0 

48.0 

6.25 I.P. 

160 

0.5 

25.6 

3.13 I.P. 

285 

1.0 

91.0 


, -Probably not a true value, since the LUm was « 
the minimum effective dose by oral administration. 


adult worms present in the pleural cavity, and there was no macroscopic or 
microscopic evidence that any damage whatever to the macrofilariae had been 
effected. In view of the dramatic effects produced against the microfilariae 
these results were at first disappointing. 

One of the first compounds found to produce suggestive activity against 
the adult worms was l-carbethoxy-4-isopropylpiperazine hydrochloride (147-L). 
Head worms were found in one of the three rats first used to test this com- 
pound, and no adult worms wCre found in another. The third rat revealed 
all living worms. Attempts to repeat these results in a larger series of rats 
failed, because this compound was very toxic to the host and prolonged dosage 
could not be administered. 

Thirty rats treated with various doses of l-carbethoxy-4-methylpiperazine 
hydrochloride were then brought to autopsy, and, as illustrated in Table V, 
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Table III. Effect of Vaiuous Pjeeiiazink Derivatives Against .Microfilariae is Cono.v 
Eats During Eibst Week of Treatment 


COM- 

POUND 

NAMK 

DOSE 

(MG./ 

KG.) 

BJ.D. 


MICUOFILAltlAE I'KIt 

100 FIELDS 


) DAY 

1 

O 

O 

1 » 

3 

6 

! 7 

10:1c 

l-Phonylpipcra/inc 

23 1.1*. 

310 

2S 1 

310 

110 

in 

250 

IDS 


hydrochloride 

301.1*. 

1)2 

S 

0 

00 

IS 

21 

0 

102-C 

1-Carbothoxypiperazinc 

23 I.P. 

ISO 

C 

4 

0 

0 

S 

15 


hydrochloride 

30 1,1*. 

032 

252 

90 

IS 

11 

It 

12 



100 i.p. 

1,300 

Si 

S 

10 

1 

(5 

0 

217-L 

l-Metliyl-4-(4'-morpho- 

23 1,1*. 

20S 



to 



0 


line carbarn vl-pi pern- 

30 [.I*. 

11 






1 


zine liydrochloridc 

urnUmi 

■ 1 



0 



0 

180-C 

1-Cnrbethoxy- 1-metbyl- 

0.23 I.l*. 

■ 

100 

30 

230 

■a 

s 



pipoituine hydrochlo- 

12.3 I.P. 

■ 

72 

00 

4S 

El 

12 

30 


ride 

23 I.P. 


112 

2S 

5S 

10 

G 

14 



50 I.P. 

3S l 

10 

22 

12 

1 

0 

4 



EnEXim 

201 


s 

•) 

C 

S 

4 



200 i.p. 

10S 

12 

•> 

I 

1 

4 

0 

59-L 

1-Cnrbethoxy- 1-ethyl- 

23 I.P. 

1.3S0 

SOO 



130 


300 


piperazine 

50 I.P. 


OOt) 



1SS 


100 



100 I.P. 

130 

0 



0 


1 


1-Curbothoxy- methyl- 

25 I.P. 

110 

141 

132 

110 

21s 

30S 

140 


piperazine 

50 I.P. 

212 

320 

121 

121 

150 

130 

S4 



100 I.P. 

70 

11 

IS 

14 

12 

10 

0 

U-G33 

l-Curbethoxy- 1-propyl- 

■ lilILM 

Cl 

28 

«)•> 


32 


14 


piperazine hydrochlo- 

50 I.P. 

21s 

100 

3(5 


IS 


11 


ride 









147-L 

1-Carbethoxy- 1-ihopro- 

Earn 

41 

•* 

10 


4 


1 


pylpipera/.ine hydro- 

50 I.P. 

20 

0 

1 


1 


S 


chloride 

100 I.P. 

S 

0 

0 


0 


0 

U-G35 

1-Cnrbethoxy- 1-hutyl- 

23 I.P. 

2S1 

036 

090 


20S 


330 


piporuzino 

50 I.P. 

100 

Is 

10 


0 


12 




110 

10 

9 


10 


4 

U-S01 

l-Carbetho\y--l-s. hut vl- 

30 Orallv 

3SS 

168 

148 


50 s 


310 


piperazine 

mliMiJTITn 

340 

SO 

20 


2S 


14 




410 

41 

S 


24 


0 

01-L 

l-Guanyl-4-carbethoxy- 

23 I.P. 

3S0 



130 

272 

412 

304 


piperazine sulfate 


3SS 

OS 


IS 

4 

21 

6 



100 I.P. 

104 

12 


0 

S 

6 

S 

21S-C 

Bis- ( 4-carbethoxy-l - 

25 I.P. 

272 

OS 

00 




OO 


piperazine) -methane 

Euzim 

76 

3'' 

G 




3 

169-C 

1,4-Dicnrbethoxypipcra- 

12.5 i.p. 

132 

106 

no 

172 

■Til 

120 

SS 


zine 

25 I.P. 

1SS 

140 

140 

60 

23 

4S 

12S 




OSS?!?! 1 

332 

170 

670 

3 IS 

US 

1SS 



100 I.P. 

iBfet ? 

SS 

3S 

El 

3C 

30 

26 



200 I.P, 


132 

30 


IS 

0 

34 

7G-L 

l,4-Diearbethoxy-2- 

50 Orallv 

IBm"! 

400 

2-1S 

mm 

Es9 

400 

160 


methylpiperazine 

100 Orally 

iHS! i 

292 

412 

7G 

72 

20S 

116 



200 Orallv 

i 

61 

3S 

10 

0 

O 

S 

182-L 

'-Etli.vloailnmyl-4- 

1.5 I.P. 


332 

1SS 


170 


244 


methylpiperazine 

3.13 I.P. 

1 

1,060 

324 

172 

EXE! 


612 


liydtochloride 

6.25 I.P. 

30 

JO 

4S 

2S 

4 

10 

6 

152-L 

l-Dimetliylcarbamyl-4- 

25 I.P. 

SO 

20 

O 

3 

0 

4 

4 


methylpiperazine 

50 I.P. 

1,190 

2, ISO 

740 

S70 

900 

5 00 

310* 


hydrochloride 

100 I.P. 

172 

00 

S 

12 

0 

4 

1 

177-L 

L-Diisopropylearbamyl- 

1.5 I.P. 

152 


2S 

3S0 

10 

104 

26 


4-met liyipiperazine 

3.1 3 I.P. 

432 


104 

130 

330 

244 

ISO 


hydrochloride 

6.25 I.P. 

60 


1 1 

20 

10 

G 



•No adult worms were found in the pleural cavity at autopsy. Four worms wore found 
in the abdominal cavity. 
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1'11’l.U X/IN1..S AGAINST 


rlGAUIASIS 


Tauik III — Co.sr'u 


COM- 

POUND 


STL 


N'\\n 

nose 

(MU./ ~ 

KC.) _ 

H.t.D. 

1 Dictlnlcarb.uml l- 

1 ..') I.P. 

mcth\lpipcru/ino 

3.13 I.P. 

hydrochloride 

0.25 I.P. 

12.5 I.P. 

25 I.P. 

50 I.P. 

100 I.P. 

5 Orally 
10 O rally- 
25 Orally 

Xoutre.itcd controls 





5 

0 

7 

290 

210 

181 

4 

8 

2 

72 

10 

22 

S 

1 

8 

10 

0 

1 

12 

9 

9 

«J 

1 

10 

1 

3 

2 

1 

3 

2 

1 

0 

0 

0 

994 . 

1020 

1180 

44 

40 

72 

52 

58 

36 

40 

21 

56 

280 

244 

410 

404 

028 

780 

12 

42 

56 


the effects upon the adult worms were extremely variable. Most of the adu 
"or ms were alive, however. Similar results were obtained on a smaller series 
of animals treated with other piperazines effective against microfilariae. 

Nine of sixty-five untreated rats which were autopsied showed one or two 
dead adult worms at autopsy, but in no case were the majority or all of t ie 
worms dead. The effects produced by several of the piperazines upon the adu 
worms in a few rats in each series, therefore, suggested that a wide variety o 
dosage schedules, with autopsies at different periods after cessation of treat- 
ment, might throw some light on the amount of drug and the length of time 
necessary to kill a larger proportion of the adult worms than had. been accom- 
plished in earlier trials. The compound selected for these extensive tests was 
l-diethylcarbamyl-4-methylpiperazine hydrochloride, since it produced pre- 
dictable and rapid reductions in microfilariae in oral or intraperitoneal doses 
as low as 3 mg. per kilogram, was relatively nontoxic to cotton rats, and was 
made available in large quantities. 

Subsequent data obtained with this compound and reported in a following 
paper showed that frequent oral dosage for several weeks killed a large propor- 
tion of the adult worms. None of the other compounds listed in Tables II and 
III have been studied so extensively, but it is believed that the best balance 
between activity and toxicity has been achieved with l-diethylcarbamyl-4- 
methylpiperazine hydrochloride For the reasons described, the activity of the 
Piperazines listed in Tables II and III is based entirely upon their effectiveness 
against microfilariae. In most cases relatively high toxicity to the host rules out 
further studies upon their effectiveness against adult worms, and in the few' 
instances where good effects against microfilariae w r ere obtained with relatively 
nontoxic doses (1S2-L, 152-L, 180-C) it is felt that further studies would pro- 
duce little more pertinent information than has been obtained with S4-L. 

Effect of Piperazines Upon Dirofilaria Immitis in the Do (). — Several piper- 
azines showing high activity in the cotton rat were tested for effectiveness against 
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Table IV. Effect of I-Carbethoxy-A-Metiiylpipekazine IIyi)i:ociiloi:H)e (1SQ-C) Against 

MicitOFiLARtAi: in Cotton Hats 


RAT 

SERIES 

POSE 

(MG./KG.) 

TREATMENT 

PER CENT 
OP AIICK 

7 DAYS 

REDUCTION 

OPILAIUAE 

LAST DAY OF 
TREATMENT 

370 

RF-32 

12Vj 

I.P., b.i.d., 14 (lays 

50.3 

59.4 

•1-1 

RF-9 

25 

f.l\, b.i.d., 14 days 

97.5 

100.0 

3S 

RF-9 

25 

r.P., b.i.d., 14 days 


90.0 

75 

RF-9 

25 

LP., b.i.d., 14 days 


100.0 

100 

RF-9 

25 

I.P., b.i.d., 14 days 

92.3 

91.3 

70 

RF-9 

25 

I.P., b.i.d., 14 days 


75.0 

70 

RF-9 

25 

I.P., b.i.d., 14 days 

95.0 

91.0 

S2 

RF-9 

25 

I.P., b.i.d., 14 days 

97.8 

77.5 

133 

KF-10 

25 

t.P., b.i.d., 27 davs 


91.7 

134 

EF-10 

25 

LP., b.i.d., 27 davs 

' 94.5 

77.8 

135 

RF-10 

25 

T.P., b.i.d., 27 days 


D. 

137 

RF -10 

25 

LP., b.i.d., 27 days 

100.0 

14.3 

138 

RF-10 

25 

LP., b.i.d., 27 days 

50.0 

02.5 

372 

RF-32 

25 

t.P., b.i.d., 14 davs 

91.3 

93.8 

373 

RF-32 

25 

LP., b.i.d., 14 davs 

74.0 

SS.l 

205 

RF-10 

25 

Orally, b.i.d., 2S davs 

99.0 

DD.l 

210 

RF-10 

25 

Oral!}-, b.i.d., 2S days 

99.4 

E. 

215 

RF-10 

25 

Orally, b.i.d., 28 days 

99.4 

D. 

218 

RF-10 

25 

Orally, b.i.d., 23 days 

98.5 

99.4 

222 

RF-10 

25 

Orally, b.i.d., 2S days 

9S.2 

D. 

139 

RF-10 

50 

LP., b.i.d., 27 days 

VvrW 

100.0 

140 

RF-10 

50 

LP., b.i.d., 27 davs 


87.5 

141 

RF-10 

50 

I.P., b.i.d., 27 davs 

83.4 

100.0 

142 

RF-10 

50 

LP., b.i.d., 27 davs 

S7.5 

100.0 

143 

RF-10 

50 

t.P., b.i.d., 27 days * 


». 

159 

RF-10 

50 

r.P., b.i.d., 27 davs 


100.0 

160 

RF-10 

50 

LP., b.i.d., 27 davs 

99.4 

100.0 

374 

RF-32 

50 

LP., b.i.d., 14 days 


D. 

375 

RF-32 

50 

LP., b.i.d., 14 davs' 

99.0 

99.0 

207 

RF-10 

50 

Orally, b.i.d., 2S days 


99.3 

209 

RF-10 

50 

Orally, b.i.d., 2 3 davs 

99.4 

D. 

210 

RF-1G 

50 

Orally, b.i.d., 2S days 


DS.S 

219 

RF-10 

50 

Orally, b.i.d., 2S davs 

97.7 

98.5 

183 

RF-15 

50 

I.P., O.D., 28 days 

96.3 

100.0 

189 

RF-15 

50 

I.P., O.D., 2S days 

92.9 

100.0 

190 

RF-15 

50 

I.P., O.D., 2S days 


96.6 

184 

RF-15 

50 

I.P., A.D., 28 days 

94.7 

D. 

187 

RF-15 

50 

r.P., A.D., 28 days 

93.4 

90.7 

197 

RF-15 

50 

I.P., A.D., 2S days 


0 

144 

RF-10 

100 

T.P., b.i.d., 14 days 


SO.O 

145 

RF-10 

100 

I.P., b.i.d., 14 days 


99.0 

146 

RF-10 

100 

LP., b.i.d., 14 days 


D. 

148 

RF-10 

100 

LP., b.i.d., 14 days 


D. 

149 

RF-10 

100 

LP., b.i.d., 14 days 

100.0 

100.0 

376 

RF-32 

100 

LP., b.i.d., 14 days 

97.6 

100.0 

385 

RF-32 

100 

t.P., b.i.d., 14 days 

98.4 

100.0 

56 

RF-11 

100 

LP., b.i.d., 29 days 


98.S 

131 

RF-11 

100 

I.P., b.i.d,, 29 days 


99.6 

90 

RF-11 

100 

LP., b.i.d., 29 davs 


100.0 

206 

RF-10 

100 

Orally, b.i.d., 28 (lavs 

97.3 

100.0 

208 

RF-10 

100 

Orally, b.i.d., 2S days 

9S.9 

D. 

213 

RF-10 

100 

Orally, b.i.d., 2S days 

98.8 

9S.S 

221 

RF-10 

100 

Orally, b.i.d., 28 dav T s 

9S.4 

D. 

186 

RF-15 

100 

I.P., O.D., 2S days 

S7.0 

7S.3 

196 

RF-15 

100 

T.P., O.IX, 28 days 

9S.1 

94.3 

212 

RF-15 

100 

I.P., O.D., 2S days 


100.0 

194 

RF-15 

100 

I.P., A.D., 28 days 

92.3 

09.3 

203 

RF-15 

100 

I.P., A.D., 28 days 


54.1 

204 

RF-15 

100 

LP., A.D., 28 days 


98.2 

155 

1 RF-19 

100 

* 

D. 1 

D. 






EFFECT Ob' I'lFEUA/.lNKS -AGAINST FIEAKIASIS 


J31L 


Taiii.i: IV — Cost’d 


EAT 


153 

157 

158 
98 

124 

102 

3SG 

3S7 

18 

33 

40 

248 

250 

251 

252 
50 
55 

127 

88 

92 

96 


SERIES 

DOSE 

(MG. /KG.) 


100 

BP-19 

100 . 

BP-19 

100 

BP-11 

200 

BP-11 

200 

BP-11 

200 

BP-32 

200 

BP-32 

200 

BP-11 

200 

BP-11 

200 

BF-11 

200 

RF-19 

200 

RF-19 

200 

RP-19 

200 

EP-19 

200 

BF-ll 

400 

BF-ll 

400 

BF-11 

400 

BP-12 

Diet 0.5% 

BP-12 

Diet 0.5% 

BP-12 

Diet 0.5% 


TREATMENT 


* 

98.3 

98.3 

* 

100.0 

100.0 

* 

D. 

D. 

1.1’., b.i.d., 29 days 

D. 

D. 

I.P., b.i.d., 29 days 

100.0 

100.0 

1.1’., b.i.d., 29 days 

100.0 

100.0 

I.P., b.i.tl., 14 days 

98.0 

100.0 

I.P., b.i.d., 14 days 

100.0 

99.3 

Orally, b.i.d., 29 days 

99.3 

100.0 

Orally, b.i.d., 29 days 

99.2 

D. 

Orally, b.i.d., 29 days 

100.0 

D. 

* 

97.8 

97.8 

« 

100.0 

100.0 

• 

100.0 

100.0 

* 

100.0 

100.0 

Orally, b.i.d., 29 days 

100.0 

D. 

Orally, b.i.d., 29 days 

100.0 

100.0 

Orally, b.i.d., 29 days 

100.0 

D. 

15 days 

97.5 

98.4 

15 days 

100.0 

98.9 

15 days 

91.0 

D. 


1>ER CENT REDUCTION 
OF MICROFILARIAE 


7 DAYS 


LAST DAY OF 
TREATMENT 


D., death’ t a[ent °neal b.I.d., tv 
more RF ' la treated every 


•ice daily ; O.D., once daily ; A.D., 
two hours for forty-eight hours, 


once on alternate days ; 
then twice daily for six 


wofilaria immitis in the dog. The only two compounds which produced meas- 
urable reductions in microfilariae in tolerated doses were l-carbethoxy-4-methyl- 
Piperazine hydrochloride (180-C) and l-diethylcarbamyl-4-methylpiperazine 
} toeliloride (84-L). The administration of oral or intraperitoneal doses of 
compound 180-0 which produced reductions of microfilariae (25 to 100 mg. 
Per kilogram twice daily) invariably produced nausea, profuse salivation, and 
muscular weakness. Compound 84-L was much better tolerated, and subsequent 
experiments in dogs were confined to this derivative. The results obtained with 

m dogs, against both micro- and macrofilariae, are presented in another 
Paper in this series. 


DISCUSSION 


int e _ effectiveness of several piperazine derivatives (administered orally or 
‘“ally) in rapidly reducing the microfilarial count in filaria-infected 
the ° » • 1S Uniciue in tlie experimental chemotherapy of this infection. If 

mJJ CtU 'T SS ° f tlle Piperazines was confined to the microfilariae, it would 
in nth 7 lndlea , te that their Potential usefulness for treating filarial diseases 

piperaXrT! ! T* man WOuld be limited ’ The fact that several of the 
one in'J ® . tes J ed showed suggestive action against the adult worms, and that 

isteml ? aitlcular kllled a lal ’ge proportion of the adult worms when admin- 
tequently in tolerated doses for several weeks, certainly removes Z, 
P compounds from the class of experimental curiosities. 

eidaUelivitvainst tTTVv hi °- a&say method for Predicting potential filari- 
i a 0 ainst i elated diseases in human beings has not been fully tested. 
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Table V. Effect of l-CAiiiurmoxv-l-.MKTUvu’ii'KKAZiN-i: Hvj>i:ot'm.oi:ii>E AuAi.vsr Adclt 

Woii.'ts in Cotton Pats 





MU'KOKU.AKIAK 

war 100 

Aurorsv 






KIKLDS 


(days 








AKTKtt 








LAST 



DOSK 


1*A Y 

t 1>AY 

LAY OK. | 

TKKAT- 


UAT 

( MG./KO.) 

TUKATMEXT 

i 

7 

AlJTOI\SY 

ME.ST) 

AUTnlASY UECOUU 

117 

25 U\ 

b.i.d., 7 (lavs 

24 

4 

si 

15 

Mass of live worms 

119 

25 I.l.\ 

b.i.d., 7 (lays 

31 

0 

104 

13 

Mass of live worms 

as 

25 l.l\ 

b.i.tl., 14 days 

40 

0 f 

4 

1 

Several ilcml worms > 








none alive 

7.) 

25 I.P. 

b.i.d., 14 (lavs 

30 

0 

0 

1 

Several live and sev- 




1 




oral dead worms 

109 

25 I.P. 

b.i.d., 14 days 

52 

4 

O 

1 

Several live and sev- 







oral ileail worms 

70 

25 I.P. 

b.i.d., 14 days 

56 

42 

s 

1 

Several live anil sev- 







oral dead worms 

70 

25 I.P. 

b.i.d., 14 days 

os 

3 

4 

1 

Several live and sev- 







oral ileail worms 

S2 

25 I.P. 

b.i.d., 14 days 

132 

*» 

O 

4 

I 

Mass of live worms 

135 

25 I.P. 

b.i.d., 10 days 

IS 

0 

0 

1 

Several live and see 







oral dead worms 

143 

50 I.P. 

b.i.d., 15 davs 

4 

0 

0 

1 

Mass of live worms 

140 

100 I.P. 

b.i.d., 19 davs 

S 

0 

0 

1 

Mass of live worms 

141 

50 I.P. 

b.i.d., 20 days 

6 

l 

0 

13 

Several live worms 

40 

200 Orallv 

b.i.d., 11 days 

200 

0 

4 

3 

Mass of live worms 

90 

100 I.P. 

b.i.d., 2S days 

04 

0 

424 

aa 

Mass of dead worms; 






1 

none alive 

IS 

200 Orallv 

b.i.d., 2S days 

132 

1 

0 

S 

Several dead worms, 






none alive 

55 

400 Orally 

b.i.d., 2S days 

350 

0 

40 

s 

Mass of live worms 

215 

25 I.P. 

b.i.d., 12 days 

140 

3 

O 

1 

Mass of live worms 

209 

50 Orally 

b.i.d., 13 days 

100 

1 

0 

1 

Mass of live worms 

20S 

100 Orallv 

b.i.d., 11 days 

34 S 

4 

0 

l 

Mass of live worms 

195 

1.5 I.P. 

b.i.d., 14 davs 

740 

70 

42S 

56 

Mass of live worms 

19S 

3.13 I.P. 

b.i.d., 14 (lays 

1.S40 i 

24S 

192 

56 

Mass of live worms 

41 

0.25 I.P. 

b.i.d., 14 days 

430 

♦JO 

52 

56 

Mass of live worms 

104 

12.5 I.P. 

b.i.d., 14 davs 

104 

10 

184 

56 

Mass of live worms 

539 

5 Orally 

b.i.d., 10 davs 

1,700 

ISO 

52S 

i 

Mass of live worms 

527 

5 I.P. 

b.i.d., 15 days 

72 

172 

O 

112 

Mass of live worms 

522 

5 I.P. 

b.i.d., 15 days 

252 

SO 

3S0 

112 

Mass of live worms 

532 

5 I.P. 

b.i.d., 15 davs 

-0 

0 

SI 

112 

Mass of live worms 

530 

5 Orally 

b.i.d., 15 days 

1,0S0 

370 

030 

112 

Mass of live worms 

529 

540 

5 Orally 

5 Orally 

b.i.d., 15 days 
b.i.d., 15 days 

204 

000 

40 

112 

24 

212 

112 

112 

Mass of live worms 
Mass of live worms 


Culbertson, Rose, and Olive-Gonzalez , 3 ' 7 however, have demonstrated that a cor- 
relation exists between the effects produced by Ncostibosan against Litomosoidcs 
carinii in cotton rats and Wuchcreria bancrofti infections in man. 

We believe it to be important, also, that several of the most active pipera- 
zines are effective when administered orally. With the exception of malaria 
and the intestinal helminth diseases, the chemotherapy of parasitic diseases in 
man is largely confined to the parenteral administration of various drugs, us- 
ually compounds containing antimony or arsenic. The value of some of the 
heavy metals in the treatment of several of the most important parasitic dis- 
eases is not disputed, but the advantages of an effective oral treatment for any 
disease in human beings or domestic animals are obvious, particularly if no toxic 
effects are produced. 
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Tlieie is a uhmsumI.Ic i-o.. elation between slmcturo an.l microfilaricidal 
activity ill the piperazines, as domonstialod in 'Lablc Li. W ( canno ic su 
that the most active inomi.er of the gioup has l.ccn tound, anc icio is 
for fin tlier investigation in this ics[icct. 

In compaiison with scvctal antimony derivatives, the piperazines pioc ucc 
a much mol c lapid effect upon the microfilariae of cotton rats in the pcriphcia 
Wood. 8 ’ 3 The effect produced auainst adult worms In pipcia/incs is vety ’ 
in compaiison with that of antimony salts. An entiiely u Uncut mo ^ e 0 
action must theiefoie he involved. No studies have been mat e nts <u 111 
attempts to determine how the piperazines produce . tlieii elects upon 
nuciofilaiiae or maciotil. uiac. 


SUM .M VKY 

The effects of vaiious piperazine del natives against naturally acquired 
filaria infections in cotton lats and dogs aic discussed. Severn compoun s 
this gioup pioduce rapid l eductions in miciofilariac following oia oi m m 
peiitoneal dosage, and one in particular produces a lethal eflect agains a u 
filaiiae when administeiod fiequentlv tor a period ot sevci.il weeks. 


nr.rauiNcrs 


quircd Filarial Infections in Cotton Rats and Fogs, J. L* , 

2. Stewart, *11 , Turner, II, Denton, J, Kushner, S, Brancone, L , McEwen, W-, 

and SubbaRovv, Y • Experimental Chemotherapy of Filanasis IV The Preparation 
of Derivatives of Piperazine, .T. Oig Chem. In press. w T ln „ r i? 

'• Kushner, S., Brancone, L , Ilewitt, R., MeEucn, W, SubbaRow, Y., Stevvait, H , Tu e , 
and Denton, .!.• Experimental CliemotUeiapy of Filanasis. I 

of Derivatives of Pipera/ine, J. Org. Cliem In press q.i-d y ■ 

4 He "'tt, It, Kushner, S„ Stewart, H White, E. Wallace W 

Experimental Chemotherapy of Tilauasis III. Effect or ! , . ■ 

Methylpipera/ine Hydioclilonde Against Naturally Acquired Filarial Infections in 
Cotton Rats and Dogs, J Lau &. Cux Mtl> 32: 1114, 191 (. 

5. Culbertson, J., Rose, II., and Oliver Gonzalez, J.: Cliemotlierapy of Human Filanasis by 
the Administration of Neostibosan, Am. J Trop Med. 25. -7 
0. Culbertson, J , Rose, II , and Oliver Gonzalez, J.: The Cliemotlierapy of Human Filanasis 
by the Administration ot Neostibosan, Am J. Trop Med 25. 401 40b, 1 45 
'•Culbertson, J, Rose, II, and OUv er Gonzalez, J.: Chemotherapy of Filanasis Due to 
„ Wu< hereria Bancrofti With Neostibosan, Am. .T. Hyg 43: 14a ilol, 1 1 >4b. 

^ Culbertson, J, and Rose, II * Chemotherapy of Filanasis in the Cotton Rat_by Admin 
istration of Neostam and Neostibosan, J Pharmacol. & Exper. Tberap. 81. 181 19 ), 


9 Culbertson, J , and Puce, E • Chemothei apv of Filanasis (Litomosoides Carinn) in the 
Cotton Rat by the Administration of btibanose (.Solustibosan), J Phaima'ol 
Exper. Therap 87: 181 184, 1946. 



III. Effect of I-Dieuuiylcaiuj.uiyl-I-Mktuyliti'KHAzink Hydrochloride 
Against Naturally Acquired Filarial Infections in 
Cotton Rats and Dogs 

II. I. Hewitt, Sc.D., S. ICushner, Ph.D., II. W. Stewart, Ph.D., E. White, A.B., 
W. S. Wallace, M.S., and Y. SuiuuRow, M.D., Ph.D. 

Pearl River, N. Y., and Bound Brook, N. J. 

I T HAS been demonstrated in a preceding paper 1 that the intrapcritoueal or 
oral administration of various piperazine derivatives to cotton rats naturally 
infected with Litomosoidcs carinii causes a rapid and precipitous reduction of 
microfilariae in the peripheral blood. Of more than one hundred derivatives 
made available, l-diethylearbamyl-4-methylpiperazine hydrochloride (compound 
SI-L) was selected as the most promising because of its repeated marked effects 
against microfilariae in both cotton rats and dogs and because of its relatively 
low toxicity in these animals. Subsequent studies showed that proper dosage 
regimes killed a large percentage of the adult worms. The structural formula of 
this compound is given below. 

CH, 



Two hundred twelve cotton rats and twenty-five dogs have been used to 
test the effectiveness of this compound against both microfilariae and inacro- 
filariae, and the results obtained are reported herein. The methods used for 
counting microfilariae and for evaluating the effect upon adult worms have been 
discussed in a preceding paper. 2 

Effect of 1-Diethylcarbamyl-I-Mcthylpiperazinc Hydrochloride Against 
Microfilariae . — After oral or intrapcritoueal treatment with this compound in 
filaria-infected cotton rats, at doses ranging from 3 to 100 mg. per kilogram, the 
microfilarial count drops precipitously within twenty-four hours (Tables I and 
II). It then becomes negative or remains at a very low level for as long as 
treatment is continued. 

There may or may not be a recurrence of microfilariae in the peripheral 
blood upon cessation of treatment (Tables III, V, IX, and X). The extent of 

Received for publication. Aug. 7, 1017. _ 

From the Lederle Laboratories Division, American Cyanamid Co., Pearl River, N. Y., and 
the Calco Chemical Division, American Cyanamid Co., Bound Brook, N. J. 
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Table I. Effect of .S t-L os tjie Microfilariae of Cotton Eats 
( I . vniAPF.itiToxKA l Dosage) 
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Table IIT. Effect of Si-L Against Fii.aiiiasis in Cotton Hats (Oral Treatment Every 

Two Hours for Forty-Eight Hours) 




MICROFILARIAE PER 100 

FIELDS 


DOSE 

1IKFOKB 

HOCKS AFTER 

DAYS AFTER 


(MG./ 

TREAT- 

TREATMENT 

TREATMENT 

RAT 

KG.) 

XI ENT 

2 | 12 | 24 

4 1 11 


AUTOPSY RECORD 


12S4 

23 

14S 

3 

0 

0 

- 

- 

12S0 

25 

340 

4 

0 

0 

- 

- 

1293 

25 

48 

4 

1 

0 

- 

- 

12GS 

23 

220 

34 

1 

0 

- 

- 

127S 

25 

150 

3 

0 

0 

1 

10 

1292 

25 

2 IS 

22 

o 

0 

o 

0 

1253 

25 

320 

22 

0 

0 

0 

10 

1297 

25 

904 

2t 

0 

0 

0 

IS 

1259 

25 

GG4 

10 

3 

1 

0 

30 

1250 

10 

14S 

10 

0 

0 

Dead 

_ 

1200 

10 

07G 

S 

s 

o 

4 

12 

1220 

10 

10 

0 

0 

0 

0 

- 

1240 

10 

400 

30 

s 

22 

- 

- 

1253 

10 

532 

s 

0 

0 

0 

- 

1204 

10 

24S 

s 

0 

0 

0 

10 

1205 

10 

004 

22 

10 

4 

9 

92 

1274 

10 

592 

104 

44 

9 

- 

- 

1207 

10 

748 

52 

14 

1 

o 

IS 

1279 

5 

170 

10 

o 

0 

i 

40 

1281 

3 

192 

8 

0 

0 

0 

0 

1271 

3 

SS 

48 

0 

0 

6 

20 

1209 

3 

14S 

4 

0 

0 

- 

- 

1258 

5 

380 

204 

14 

0 

4 

3S 

1299 

5 

324 

52 

3 

0 

3 

30 

1275 

5 

348 

18 

0 

0 

- 

- 

1291 

5 

270 

4 

20 

0 

0 

S4 

1300 

0 

260 

80 

8 

4 

- 

- 


Killed at 48 hr.; largo mas- of live 
worms 

Killed at 18 hr.; large mass of live 
worms 

Killed at 48 hr.; large mass of live 
worms 

Killed at 18 hr.; large mass of live 
worms 

Killed on 18th day; mass of live 
worms; several dead worms; 
small clump of caseous material 
Killed on 18th day; one large clump 
of worms ou ventral side of heart, 
most of these dead; small mass 
of worms under lungs, some of 
these living, others dead 
Killed on 18th day; small elump of 
livo worms, some encased in case- 
ous material 

Killed on 18th day; many dead and 
degenerating worms; some living 
worms 

Killed on 18th day; mass of live 
worms; several dead worms 
Dead at 30 hr. ; no autopsy 
Killed on 12th day; small mass of 
worms, some dead 
Killed on Sth day; small mass of 
live worms; 3 dead worms; some 
caseous material present 
Killed at 32 hr.; mass of live 
worms; two clumps of dead and 
disintegrating worms 
Killed on Sth day; masses of live 
worms; 1 dead worm 
Killed on 12th day; large mass of 
worms ; many dead 
Killed on 12tll day; large mass of 
worms; many living and some 
dead 

Dead at 42 hr.; large mass of live 
worms; several small clumps of 
dead worms 

Killed on 12th day; small mass of 
live worms; large clump of dead 
worms; caseous material present 
Mass of live worms 
Mass of live worms 
Mass of live worms 
Dead on 4th day; no autopsy 
Small mass of live worms 
Mass of live worms 
Dead on 4th day; no autopsy 
Mass of live worms 
Dead ou 4th day; uo autopsy 


recurrence is related somewhat to the amount and frequency of dosage, although 
no predictions can be made in this respect. No definite relationship exists be- 
tween the recurrence of microfilariae and the height of the initial count 
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(WO. V), d- Ih. h«*t of l lie initial . 0 * .He »!*», will, wind, 

the microfilariae disappear (1 allies 1 mid '■'-)• . _ ... , . , • r p a bie III 

The rapidity o£ the reduction “ £ ^nistered every two 

which gives the results obtained vdu. ‘ f or - , _ er kilogram had 

hours. Within two hours after the find oral dosm of 2 o -V P« ^ ^ 

been administered all annuals showed a iec ui io ( at 5 10, and 25 

.aietomaeiac At ^ ££££ L to pehpiiera. 

mg. per kilogram) many of the iats txnumcu 

bloo(L , t , llw1 froms undergo contortion and spasmodic 

Microfilariae from cotton rats and » 1 mierofilariac of Fohje lla 

contractions when placed in solutions o ° effect W ell when placed 

doliclioptcra from southern frogs- ^ non t < t i.diethvlcarbamyl- 4 -methyl- 

in dilutions of 1:100, 1:1000, and 1.10,000 ot ^ embryQS ^ a 

piperazine hydrochloride. These nncio < ‘ J d h contact 

narrow whiplike anterior and a thicker immedi- 

with solutions of the drug, the antenoi Thev then straighten 

ately into a tight coil, and violent, jerky movements occur. Th y then straight^ 

out and become completely motionless within five to fi een Similar 

effect can he observed upon frog microfilariae m vivo during t eatment S 
effects occur with the microfilariae of Litomosoules cannn, although to 

“hese observations, plus the fact that adutt filariae ^ i-emovec J 

rats in early stages of treatment show no demonstrable ■. d““- e to the « J 

in utero, lead us to believe that this compound acts directly upon the micro 

filariae in the peripheral blood. 


o i t rtv- T'ur MICROFILARIAE OF DlROFILARIA [MMITIS 

Table IV. Effect of 84-L on the micro* 



MICR OFILARIAE PER 0.05 C.C. BLOOD 
DAYS DURING TREATMENT 


100 

25 I.P., b.i.d. 

221 

25 Orally, t.i.d. 

222 

25 Orally, t.i.d. 

260 

25 Orally, t.i.d. 

262 

25 Orally, t.i.d. 



In dogs infected with Dirofilaria immitis, l-diethylcarbamyl-4-methylpiper- 
azine hydrochloride produces marked reductions in the num ei o micro anae 
during treatment. This effect is most striking in animals with high initial counts 
(Table IV). The rate of disappearance in dogs is not so rapid as m cotton rats, 
but within one or two weeks, more than a 90 per cent reduction generally occurs. 

Effect of l-Diethylcarbamyl-4-Methylpiperazine Hydrochloride Against 
Adult Filariae in Cotton Rats.— The effects of treatment with this drug on adult 
filariae in the cotton rat are not demonstrable so quickly as in the case of the 
microfilariae. It was apparent from the beginning of this work that demon- 
strable lethal effects on the adult worms involved a number of variables. The 
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most important of these have been found to be (1) the amount of drug given, 
(2) the frequency of dosage, and (3) the number of days elapsing from cessa- 
tion of treatment to autopsy. 

Autopsies performed on untreated rats revealed a small number of dead 
worms in nine of sixty-five (13.0 per cent). No evidence of massive deaths, 
adhesions, or large deposits of exudate were found in any of these animals, 
however, and the number of dead worms formed but a small percentage of the 
total number present. 


Table V. Comparison or Treatment Three Times Daily for Fourteen Days and for 



Thirty Days (Sl-L., 25 Mc./Kc. ; 

Cotton It ats) 


MICROFILARIAE PER 100 FIELDS 



PAYS 

AUTOPSY RKCORD 

RAT 

1 | 7 | 14 | 21 | 2S | 35 | -12 | 51 

{•12nd and 52nd days) 

Treatment Three Times Daily for Fourteen Days 


901 

IS 

0 

0 

0 

1 

14 

IS 

925 

30 

0 

0 

0 

20 

0 

1 

913 

40 

0 

0 

0 

34 

50 

112 

895 

72 

0 

0 

0 

0 

0 

0 

930 

72 

0 

0 

s 

S 

10 

01 

9 21 

90 

1 

0 

o 

0 

o 

10 

905 

110 

0 

1 

0 

12 

42 

50 

G37 

150 

0 

0 

1 

0 

0 

0 

931 

100 

0 

0 

4 

S 

00 

10 

940 

10S 

0 

0 

14 

s 

0 

0 

775 

224 

1 

0 

1 

4 

0 

4 

930 

2SS 

G 

1 

30 

3S 

IS 

112 

924 

292 

0 

0 

40 

140 

172 

GO 


Small ma.\. of live worms; 4 (lead 
worms 

35 live worms; small clump of dead 
and disintegrating worms 

Large mass of live worms; 3 dead 
worms 

Approximately 30 worms, half of 
them dead and disintegrating 

Small mass of live worms; 7 dead 
worms 

Mass of livo worms; none dead 

Mass of livo worms; nono dead 

Mass of livo worms; small clump 
of dead worms 

Large mass of live worms; approx- 
imately 20 dead worms 

32 to 15 live worms; 5 to S dead 
worms 

Small mass of live worms; none 
dead 

Mass of live worms; several dead 
worms 

Mass of live worms; none dead 


Treatment Three Times Daily for Thirty Days 


1079 

52 

0 

0 

•) 

3 

12 

70 

Mass of livo worms; several clumps 
of dead worms 

1050 

72 

0 

0 

0 

0 

0 

6 

Large mass of worms; majority 
dead 

1051 

96 

1 

0 

0 

0 

0 

0 

Mass of Jive worms; small clump 
of dead worms 

10S9 

112 

o 

o 

1 

1 

0 

4S 

Mass of live worms; small clump 
of dead worms 

1074 

124 

0 

0 

0 

0 

0 

0 

Extensive adhesions; 1 live worm; 

1 dead worm 

1057 

140 

16 

3 

0 

3 

37 

30S 

Large mass of live worms; none 
dead 

1009 

160 

2 

0 

1 

0 

S 

40 

Mass of live worms; none dead 

1054 

20S 

0 

1 

1 

3 

10 

44 

Extensive adhesions; clump of 
dead worms; several living worms 

107S 

260 

3 

0 

0 

0 

3 

110 

Mass of worms; approximately half 
of them dead 

1093 

264 

2 

2 

0 

0 

4 

24 

Extensive adhesions; several live 
worms 

1070 

324 

0 

0 

0 

1 

1 

60 

Several live and several dead worms 

1094 

440 

0 

0 

0 

0 

4 

96 

Mass of live worms; one small 
clump of dead worms 
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Of 150 rats treated with l-dietliylcarbamyU-incthylpiperawnc hydro- 
chloride, with doses of 10 mg. per kilogram or more, twice or more dai y, 
per cent showed either some or all adults dead at autopsy oi no ac u . 

Table VIII presents in summary form the results of autopsies on 21 ra 
treated with doses of from 3.13 to 100 nig. kilogram twice oi moie c m 3 01 101 
two to four weeks. Both oral and intraperitoneal treatments have been include 
since there is no measurable difference in the effect piotuce >3 el ier 0 
these routes of administration. In general, animals treated uiti ess ian 
mg. per kilogram did not exhibit as many dead worms at autopsy as 1 lose 

treated with 10 mg. or mote per kilogram. 

The frequency of dosage also influenced the rapidity witr w ic 1 a u 
worms were lulled. I11 Table III, for example, dead worms were found on the 
twelfth day in many rats after dosage was administered eveiy two 10111s 01 
two days. Dosage three times daily has given more consistent results than 
dosage twice daily. 

Dead worms have been found in animals treated tor from two to four wee : s, 
and, as illustrated in Table V, there was no real difference in the condition of the 
adult worms following these treatment periods. A more striking difference oc 
curred in animals subjected to autopsy at different periods after cessation 0 
treatment. This is illustrated in Table IX and by the comparison of Ta 3 es 
and X. Of the thirty-eight rats for which data are given in Table X, only three 
( 7.9 per cent) showed all living worms at autopsy. These rats were treated 
orally three times daily for thirty days with 25 mg. per kilogram, and were then 
held seventy-seven days before autopsy. All these animals showed relative^ 
high initial mierofilarial counts, but in many of them no worms were found at 
autopsy. 

More frequently than not, in animals that sliow r ed a rapid and sustained 
reduction in microfilariae during and after treatment, most of the adult woims 
were dead or none were found at autopsy. This is illustrated in Tables VI and 
X. Exceptions did occur, however, as demonstrated in Table VII. 

Effect of l-Diethylcarbamyl-4-Methylpiperuzine Hydrochloride Against 
Adult Filariae in Dogs . — Twenty-five filaria-infected dogs have been tieated 
thus far with this compound or related derivatives. The results are encourag- 
ing in that the doses necessary to produce an effect against the microfilariae, and 
in some cases against the macrofilariae, do not produce signs of severe toxicity. 
Moreover, oral treatment is effective. 

In Table XI, data are given from six dogs treated with intraperitoneal 
doses. In two of the dogs (Dogs 94 and 108 ) no adult worms were found in the 
heart, pulmonary artery, or lung at autopsy. Both of these animals were killed 
fifty days after the last treatment, and no microfilariae were found in the blood 
at the time of autopsy. It will lie noted, however, that these animals exhibited 
relatively low initial embryo counts. It has been shown previously 2 that in 
many untreated dogs with low initial mierofilarial counts the adult worms can- 
not be found at autopsy in any part of the body. A more certain criterion of 
cure, therefore, is the presence of dead worms in the terminal branches of the 
pulmonary artery. 



Table VI. Treated Animals in Which Death oh Absence op Adult Worms at Autopsy Was Associated A\ itii Consistently Lou 

Embryo Counts During and Apter Treatment 
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Table vnr. Effect of Different Hoses of Sl-L on Adult Filaeiae in Cotton Rats, as 
Compared With Xontkeated Controls 


DOSE* 

(MO./KO.) 

NUMBER 
OK RATS 

; condition of adult 

WORMS AT AUTOPSY 

AM, ALIVE 
(%) 

1 LESS THAN 00 
[ PER CENT DEAD 
(%> 1 

| MORE THAN 50 
l*KIt CENT READ 
( r /e) 

A Uj DEAD OR 
NONE FOUND 
(%> 

3.13 

31 

03.2 

1-1.7 

S.S 

13.3 

5 and (3 Vi 

2S 

73. 7 

11.3 

7.0 

0.0 

10 and 121/. 

27 

-10.7 

-IS. I 

7.1 

3.S 

25 

101 

21.0 

-12.3 

15.3 

18.1 

50 and 100 

19 

31.0 

IT). 7 

20.3 

20.5 

Total 

O JO 

■10.0 

33.9 

13.2 

12.1 

Xontreated control." 

(m 

30. 1 

13.9 

0.0 

0.0 


'Including treatments twice or more daily for fiom two to four weeks. Autopsies were 
performed at varying periods of time after cessation of treatment. 


Table IX. Effect of SM. Against Filauiasis in Cotton Rats (Autopsies at Four.-, Six-, 
and Eight- Week Periods; Treatment for Four Weeks) 



1 

rose 

I 

M'CROKH.AUIAK PEI 

: 100 FIELDS 


WKKK 
f OK 

1 













1 

(MG. /KG., 

| \VK. i 


RAT | 

U.I.D.) 

1 0 

1 i 1 

1 

3 

1 1 1 

5 

1 15 

i -> 

1 s | 

AUTOPSY 

j AUTOPSY RECORD 

023 

50 

Orally 

52 

0 

0 

0 

0 





i 

No worms found 

G01 

25 

I.P. 

31 

i 

0 

1 

0 





i 

2 live worms; clump 
of dead and deteri- 














orated worms 

GOO 

25 

I.P. 

01 

0 

3 

1 

0 





i 

Mass of worms, ap- 














proximately oO r / c 
dead 

602 

25 

I.P. 

10 

o 

1 

0 






3 

Several live and sev- 














era dead worms 

000 

50 

Orally 

52 

1 

0 

0 

0 





1 

Several live and sev- 














eral dead worms 

G07 

50 

Orally 

10S 

o 

0 

0 

0 





1 

Several live and sev- 













eral dead norms 

(315 

25 

I.P. 

22 

1 

o 

1 

•1 





1 

Mass of live worms 

019 

50 

Orally 

2SS 

1 

1 

0 

0 





1 

Mass of live worms 

593 

25 

I.P. 

22 

0 

0 

0 

0 

o 

1 



0 

3 dead worms; none 
living 

021 

25 

I.P. 

ss 

0 

o 

1 

0 

3 

1 



0 

2 dead worms; none 














living 

592 

25 

I.P. 

52 

0 

1 

0 

0 

0 

11 



6 

1 live worm; none 














dead 

620 

50 

Orally 

101 

0 

1 

3 

0 

1 

10 



0 

0 live worms 

021 

50 

Orally 

GOS 

0 

0 

0 

0 

0 

0 



0 

Mass of live worms 

626 

50 

Orally 

224 

0 

0 

0 

1 

1 

2S 



0 

Mass of live worms 

611 

50 

Orally 

ii 

0 

0 

0 

0 

0 

0 

0 

0 

s 

No worms found 

031 

50 

Orally 

50 

0 

0 

0 

0 

1 

1 

8 

8 

s 

1 live worm; clump 













of dead worms 

616 

25 

I.P. 

152 

1 

1 

1 

0 

5 

1 

3 

72 

s 

2 live worms; mass 














of dead worms 

599 

25 

I.P. 

61 

0 

0 

0 

0 

0 

1 

1 

1 

s 

4 live worms; mass 














of dead worms 

018 

50 

Orally 

08 

0 

0 

0 

0 

0 

0 

11 


8 

1 live worm; several 













dead worms 

590 

50 

Orally 

52 

1 

2 

0 

0 

1 

12 

2S 

IS 

s 

Several live worms; 


* 











several dead worms 

017 

25 

I.P. 

10S 

0 

0 

0 

1 

0 

S 

1 

0 

s 

2 live worms; 2 dead 














worms 

60S 

50 

Orally 

100 

0 

1 

1 

0 

32 

22 

72 

OS 

s 

Several live worms; 
none dead 
























1324 mowin', kusuxkr, snow art, white. Wallace, and suuharow 


In three dogs (Tabic XI, Dogs .101, 5)5, ami 71) no worms were found in 
the heart at autopsy, but living worms were recovered from various portions 
of the pulmonary artery, some in the terminal branches. The remaining dog 
(Table XT, Dog. 100) was killed relatively soon after cessation of treatment be- 
cause of a severe case of distemper. Live adults were found in the heart of this 
animal, but others occurred in the pulmonary artery at various levels. 

Data from ten dogs treated orally with S4-L are given in Table XII. In 
two of these dogs (Dogs 191 and 193) no adult worms were found at autopsy. 
Marked reductions in microfilariae occurred in all animals with high initial 
counts, and in three dogs (Dogs 222, 2G0, and 261) many dead worms were 
found in the terminal lobes of the lungs. Extensive areas of infarction sur- 
rounded the plugged vessels. Upon section,* worms in various stages of dis- 
integration were found. 

Dog 225 died after two doses of the drug had been administered. This 
animal had a very high initial microfilarial count, was severely emaciated, and 
coughed persistently before and during treatment. Within a short time after 
the first dose was given it was noted that the animal breathed with difficulty 
and was in considerable distress. It was found dead in the cage shortly after the 
second dose had been given. At autopsy a large mass of worms was found in 
the pulmonary artery near the heart, and these completely plugged the vessel. 
Sincq this is the only instance in which this condition occurred we are not con- 
vinced that it was due to the administration of the drug. It is quite possible, 
however, that a simultaneous migration of this large mass of worms from the 
light ventricle to the pulmonary artery, caused by the presence of the drug 
in the circulatory system, might have caused the death of the animal. 

In addition to the effects produced by the drug on the fdariae in dogs, it 
is of interest that most dogs placed under treatment improved markedly in 
physical appearance. Most of the dogs when received were emaciated, sickly, 
and unkempt. Good care and adequate food probably accounted for some of 
their subsequent improvement, but even in dogs with high initial microfilarial 
counts, a marked gain in weight and disappearance of symptoms which might 
be attributed to the presence of Dirofilaria took place during and after treat- 
ment. 

As yet, too few dogs have been used to determine an optimum treatment 
schedule, but it seems apparent that frequent administration of the drug for 
several weeks is desirable. Toxicity in dogs with therapeutic doses lias thus far 
been limited to occasional transient nausea. 

DISCUSSION 

The effect produced against microfilariae in cotton rats and dogs by 
l-diethylearbamyl-4-methylpiperazine hydrochloride is certainly more rapid 
than that reported for any other known compound. Moreover, to our 
knowledge, this is the first compound shown to produce this effect in experi- 
mental animals when administered by the oral route. No data have been ob- 
tained thus far with regard to the rate of absorption and excretion of this com- 

^Sections prepared and studied by Dr. Frederick Dessau. 
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pound, but indirect evidence denotes that it is absorbed lupidly wlien 0 iu.n 
cither orally or parenterally. The better effects produml by frequent dosage 
indicate that it either is excreted rapidly or is degraded m the body. 

Studies are now in progress regarding the late of the embryos once they 

arc removed from the peripheral circulation. 

The failure of this compound to kill all adult worms in all animals treated 
may he due in part to individual variations in the absorption of the drug. 
Furthermore, the state of maturity of adult worms, or the number of worms 
present in the pleural cavity, may influence the effectiveness of treatment. There 
is no question concerning the more rapid lethal effect of parenteral doses of sev- 
eral antimony derivatives and cyanine dyes 4 " against adult worms in cotton 
rats. We believe it important, however, that for the first time an organic, non- 
mctallic compound has been found which produces a very marked effect against 
filariasis in experimental animals when given by mouth. 

It should be pointed out that many different dosage regimes have been in- 
cluded in the 212 treated rats for which summary data are given in Table VIII. 
The best results, as shown in Table X, have been obtained by treating tlnee 
times daily for thirty days, and then holding the animals for two months befoie 
autopsy. ■ In many of the rats treated by this method, no adult worms were 
found at autopsy, in spite of the fact that high microfilarial counts were present 
before treatment was initiated. In other rats in this series, varying numbeis of 
dead adult worms were found at autopsy, and in three rats all adult worms 
were alive. These data, plus the fact that microfilariae sometimes do and some- 
times do not recur in the peripheral blood after cessation of treatment demon- 
strate that a number of unknown variables probably influence the effectiveness 


of treatment. 

The mode of action of this compound against micro- or macrofilariae in the 
cotton rat is not known. Worms have been found in various stages of decay 
and disintegration within the pleural cavity after treatment. Worms recovered 
shortly after death occurred showed no movement when placed in physiologic 
saline, but no external or internal changes in the appearance of these worms 
could be noted. Living or dead embryos occurred within the uteri. In other 
cases, dead worms were found enveloped in caseous, purulent material such as 
has been described by Culbertson and Rose 4 following treatment with Neosti- 
hosan and Neostam. In very late stages of decay the worms occurred in tight 
dumps, were usually embedded in a firm, yellowish mass, and were fragmented. 
In the many cases where no worms were found, the chest cavity was clean and 
no evidence of fragments of dead worms was found. We have assumed that the 
dead worm tissue is eventually absorbed. 

In some cases where large masses of dead worms were found, extensive ad- 
hesions of the heart and lung to the walls of the pleural cavity occurred. 

The data obtained thus far from filaria-infected dogs treated with 1-diethyl- 
carbamyl-4-methylpiperazine hydrochloride suggest that this drag may prove 
useful in the treatment of this infection. As in the case of the cotton rats, in- 
dividual variations occurred in the susceptibility of the worms to treatment. 
Emphasis has not been placed upon treated eases in which no adult worms 



Table XI. Results of Treatment of Dirofilaria-Infected Doas With Intkapeuitoxeal Injections of 8-i-L 
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were found at autopsy, since it is well known* that adult worms cannot al- 
ways be found in untreated dogs which show microfilariae in the blood stream, 
particularly when the microfilariae are few in number. It is believed impor- 
tant, however, that in three dojis with relatively high initial microfilaria counts 
large number of dead adult worms were found in the terminal blood vessels of 
the lung following treatment. These dogs showed marked physical improve- 
ment during the course of their treatment; all gained weight and the micro- 
filariae had been reduced rapidly in number. A large series of cases has now 
been put under observation in order to determine an optimum treatment sched- 
ule. It is emphasized again that no disturbing toxic symptoms have occurred 
during treatment, even though the drug was administered in some cases three 
times daily for two months. The one death which occurred after two doses had 
been administered was that of a dog with a very heavy worm burden, and this 
dog had been in obvious distress several days before treatment was started. 

The use of piperazines therapeutically in man is not new, although the use 
to which they have been put previously has largely been abandoned. Ilanzlik 5 
gives a summary of the literature on the use of piperazine hexahydrate and sev- 
eral similar compounds as urate solvents. Doses as high as 6 Clm. of piperazine 
hexahydrate have been administered to human subjects without undesirable 
effects. Other investigators mentioned by Ilanzlik, however, report that large 
doses produce headache, clonic spasms of the extremities, muscular prostration, 
incoordination, tremor, malaise, and nausea. Piperazine hexahydrate has been 
reported by several investigators' to be rapidly absorbed and excreted by human 
patients. 

SUMMARY 

Data are presented which show the effects produced by 1-diethylcarluunyl- 
4-methylpiperazine hydrochloride on natural infections with filariae in cotton 
rats and dogs. An immediate and sustained reduction in microfilariae is pro- 
duced in cotton rats following oral or parenteral administration of the drug. 
The effect produced against microfilariae in dogs is less rapid but is substantially 
the same. 

Various factors which influence the effects produced on the adult worms in 
cotton rats are discussed. The maximum number of adult worms are killed 
when treatment is administered at frequent daily intervals for a period of 
three weeks or longer, with doses of 10 mg. or more per kilogram. 

It is demonstrated that in some Dirofilaria-infected dogs treated with the 
compound the worms were not present in the heart, but were located in terminal 
branches of the pulmonary artery ; and in three dogs, many worms were dead 
and surrounded by areas of hemorrhage and infarction. 
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STUDIES IN ERYTHROBLASTOSIS FETALIS 

I. Activation of the Incomplete Rii Antibody by the Blood Serum 
of Full-Term and Premature Newborn Infants 


Ernest Witebsky, M.D., Mitchell I. Rubin, M.D., and Livia Blum, M.T. 

Buffalo, N. Y. 


T IIE failure to demonstrate Rh antibodies in the majority of sera obtained 
from mothers who have given birth to erythroblastotic children constituted, 
for a while, one of the major difficulties in accepting the theory of isoimmuni- 
zation advanced by Levine and co-workers as the cause of erythroblastosis. The 
discovery of a second type of antibody, variously called "incomplete antibody” 
by Race 1 and ‘‘blocking antibody by Wiener , 2 removed one of the many 
remaining puzzling problems connected with erythroblastosis. Investigations 
of Diamond, Abelson, and Denton , 3 * 5 as well ms of Wiener,® revealed the fact 
that this new type of antibody agglutinates Eli-positive cells, provided that 
albumin solution or undiluted serum replaces physiologic saline solution as the 
diluent. 


In spite of quantitative differences, most adult human sera can be used 
as the diluent for bringing about agglutination of Eli-positive cells by the 
incomplete antibody. In contrast to this capacity of adult sera, Lubinsky 7 
states that umbilical cord serum cannot be used as a diluent. Wiener , 5 in 
discussing the ‘‘bizarre behavior of congenital hemolytic disease, so that some 
infants do not present signs of hemolysis until several hours or days after 
birth,” tried to find an explanation for the sudden appearance of hemolysis 
after birth in the following mechanism. He suggests the possibility that the 
so-called X-protein, described by Pedersen , 3 is involved in the agglutination 
of Rh-positive cells by the incomplete antibody, and that the late onset of 
hemolysis is related to the development of this X-protein which does not form 
until after birth or at the time of birth. Gurevitch, Polishuk, and Etermoni 10 
just recently examined umbilical cord serum and the serum of infants up to 
six months of age and found them devoid of this enhancing property. From 
this observation they came to the conclusion that there is no evidence for the 
presumed role of a so-called serum factor or X-protein in the pathogenesis 
of hemolytic disease of the newborn. Our investigations deal with the char- 
acteristics of serum in prenatal and postnatal life with regard to the activation 
of the incomplete Rh antibody. 


From the Department of Bacteriology and Immunology and the Department of Pediatrics. 
University of BufCalo School of Medicine, and the Buffalo General Hospital and the Children s 
Hospital 

Received for publication. Sept. 3, 1017. 

*rrhe term blocking antibody is considered now to be incorrect. Several other terms have 
been suggested, such as univalent or glutiniu. The need for a generally acceptable term is ap- 
parent. 
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kxpeiumhntal 

Several sera containing lth antibodies of the incomplete variety, obtained 
from women with erythroblastotic children, as well as a commercially pre- 
pared scrum* containing potent antibodies of the same type, were at our dis- 
posal. In order to determine the activating capacity of the serum of normal 
newborn infants, the following experiment was performed: 

Decreasing dilutions ot scrum (volume, 0.1 c.c.) ol an Klt-ncgaUvc patient 
Mrs. B., who was delivered of an erythroblastotic child, were mixec wn 
c.c. of a 3 per cent suspension of Kh-positive blood cells belonging to Group 
0. The following diluents for both the serum dilutions and the cell suspensions 
were used: Column a, physiologic saline solution; Columns b, c, an c , norma 
adult sera belonging to Groups 0, A, and B, respectively ; Columns e, f, and g, 
three normal umbilical cord sera. The mixtures were kept in a va er ra 
for one hour at 37° C. and then spun down at a medium speed for two minu cs. 
The results of this experiment are seen in Table I. 


Table I. Agglutination of Kh-Positive Cells of Group O by . J N nnnn PL ^EPUM H ^ N11B0Dn ' s ’ 
Activated by Human Adult Serum and Normal C * 
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+ + + 
+ + + 
+ + 
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+ 


.. . cm agglutination: x, taint 

tion; +++, strong agglutination; ++++, very strong agglutination. 


marked agglutina- 


Table I shows that the serum of Mrs. B. failed to agglutinate Kh-positive 
cells when saline solution was used as a diluent. If, however,, normal adult 
serum was used, Rh-positive cells were agglutinated by Mrs. B. s serum up to 
a dilution of 320. Umbilical cord sera, on the other hand, exhibited a remark- 
ably different picture. Serum Wei. almost equalled adult sera in its ability to 
produce agglutination. In contrast, serum Sil. was considerably weaker in 
its activating capacity, and serum DeG. fell somewhere in between the two 
extremes. It should be mentioned that these three normal umbilical cord sera 
were selected at random. 

Differences in the capacity of cord sera to activate the incomplete Kh 
antibody of various anti-Rh sera become evident from the following experi- 
ment as shown in Table II. For this experiement, serum of Mrs. Mar. (Part 
I), who had given birth to an erythroblastotic child, was compared with a 
commercial anti-Rh serum (Part II) which we assume was obtained by arti- 

*This scrum was purchased from Dade County Laboratories. Miami, Fla. Several dif- 
ferent batches were used, the first one being of considerably higher potency than the rest. 
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ficial immunization oi' Rh-negative volunteers with Kh-positive cells. The 
experiment was carried out in the following way: 

Decreasing amounts of Rh antisera (volume, 0.1 e.e.) were mixed with 
0.1 c.c. of a 3 per cent suspension of Rli-positive Group 0 cells. As diluents 
for both the Rh serum dilutions and the cell suspensions the following were 
used: Column a, physiologic saline solution; Columns 1), c, and d, normal 
adult sera selected at random; Columns e, f, and g, normal cord sera selected 
at random. The mixtures were kept in a water bath for one hour at 37° C. 
and then spun down at a medium speed for two minutes. The resulting 
agglutination is seen in Table II. 


Table II. Ago luti nation of Ifn-Posrnvi: Group O Cells my Two A.vri-Kii Sera 
Containing Incomplete Kir Antibodies of Lowed and Higher Titer 
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No agglutination; ±, faint agglutination; +. slight agglutination; ++, marked agglutina- 
tion; +++, strong agglutination; very strong agglutination. 


Mrs. Mar. ’s serum (Part I) failed to agglutinate Rh-positive cells when 
normal cord serum tv as used as a diluent, whereas adult serum brings out the 
presence of an incomplete Rh antibody of about average titer. 

In Part II of this experiment, incomplete Rh antibodies of rather high 
titer (commercial Rh test serum) were activated by both adult and cord sera, 
though even in this case adult serum seemed to be somewhat stronger than 
cord serum. 

The differences in results obtained with these two types of sera probably 
depend upon the titer of Rh antibodies present in the respective anti-Rh sera. 
However, the mode of production of the Rh antibody may also he a factor. 
In one case there was a natural production of antibody in a mother with an 
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erythroblastotie child, whereas in the other ease Kh antibodies were presum- 
ably produced by artificial immunization. 

The question arose as to whether the serum of premature children, be- 
cause of its immaturity, would he capable of activating the incomplete anti- 
body. Cord sera of premature babies were thus tested in the following 
manner : 

Decreasing amounts of a commercial Rh test scrum (volume, 0.1 c.c.) 
were mixed with 0.1 c.e. of a 3 per cent suspension of Rh-positive cells 
belonging to Group 0. As diluents for both the Rh serum and the cell suspen- 
sion the following substances were used : Column a, saline solution ; Columns 
b, c, and d, adult sera selected at random; Column e, cord serum from a 
6-month-old fetus who died a few minutes after birth; Columns f and g, coid 
serum from two premature babies of S months ’ gestation ; Columns li and i, 
cord serum from premature babies born one to two weeks before term; 
Columns j, k, and 1, cord sera from full-term babies. The mixtures were kept 
for one hour at 37° C., shaken slightly, and then spun down at medium 
speed for two minutes. The resulting agglutinations are shown in Table III. 


Table III. Agglutination op Rh-Positive Cells op Group O by High Titered Incomplete R 
Antibody Activated by Human Adult Serum and the Cord Serum of 
Premature and Full-Term Babies 
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j, No agglutination ; ±, faint agglutination ; +. slight agglutination ; -H-. marked agglutination ; 
' lron & agglutination; very strong agglutination. 


The anti-Rh serum under investigation produced a very weak agglutina- 
tion of Rh-positive cells when diluted in saline. In normal adult serum, how- 
ever, strong agglutination of Rh-positive cells occurred, notwithstanding the 
differences between the individual adult sera used for that purpose. The three 
eord sera obtained from full-term babies also activated the incomplete Rh 
antibody in this Rh test serum, the strongest cord serum to the same extent 
as an average adult serum (see Table II, Part II). In contrast, serum of 
Premature babies was characterized by a definite sveakness in activating 
Potency, obviously depending upon the age of the babies. Umbilical eord 
serum from a 6-month-old fetus acted almost like saline solution, while the cord 
m la *' wo ^-month-old fetuses were only slightly better than saline solution. 
le impression gained from this experiment is that cord sera from babies 
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bom one to two weeks prematurely have a somewhat lower capacity lor 
activating the incomplete Rh antibody than the average cord scrum of 
full-term babies. Yet in many instances even the serum of full-term infants 
seemed to be completely devoid of this activating capacity when tested against 
maternal Rh antiserum of low or average titer, as seen in Table II. Obviously 
a maturation factor plays a definite role in the appearance of the character- 
istics responsible for the activation of the incomplete Rh antibody, as demon- 
strated by means of a suitable anti-Rh serum containing a potent antibody of 
the incomplete variety. 

In the preceding experiment the maturation principle was shown to be 
operating during prenatal life. The following experiment was designed 
to show the continued maturation of this activating capacity in postnatal 
life. For this purpose an anti-Rh serum whose incomplete antibody was not 
activated by normal cord serum was used. 

Three different serum specimens were collected from each of two babies: 
(1) cord serum; (2) serum from venous blood obtained twenty-four hours 
after birth; and (3) serum from venous blood obtained forty-eight horns after 
birth. Decreasing amounts of' serum (volume, 0.1 c.c.) from Mrs. Matt., who 
had been delivered of an crythroblastotic child, were mixed with 0.1 c.c. of a 
3 per cent cell suspension of Rh-positive cells belonging to Group 0. Serum 
and cell suspensions were diluted as follows: Column a, in saline solution; 
Column b, in adult serum; Columns c, d, and c, in serum specimens 1, 2, and 3 
obtained from full-term baby Vi. ; Columns f, g, and h, in serum specimens 1, 
and 3 obtained from full-term baby Ila. The tubes were kept in a water hath 
for one hour at 37° C. and then spun down at medium speed for two minutes. 
Table IV shows the results of this test. 


Table IV. Agglutination op Rii-Positive Cells op Group O by an Anti-Rh Serum 
Containing Incomplete Antibodies Activated by Adult Serum and Not 
by Cord Serum op Normal Full-Term Babies 



a 

I b | 
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1 c 

1 f 1 
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b 1 

h 
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ANTI-RH 


POOLED 
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i i 
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1:40 

- 

+++ 
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++ 
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+ 

— 

— 
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1:100 

- 

+ + 

- 

± 

± 

- 

- 

- 

1:320 


+ 

- 





~ 

0 

— 

— 

— 


— 

— 





No agglutination; ±. faint agglutination; +. slight agglutination; ++. marked agglutina- 
tion; +++, strong agglutination. 


The incomplete Rh antibody present in the serum of Mrs. Matt, is activated 
clearly by pooled adult serum. The cord serum of the first full-term baby, Vi., 
is lacking completely in activating power under the experimental conditions 
chosen. However, serum specimens obtained from the same baby twenty-four 
hours as well as forty-eight hours after birth reveal the presence of the activat- 
ing principle, although it is not equal in strength to that of pooled adult serum. 
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In contrast, the scrum of the second baby, Ha., is still negative forty-eight hours 
after birth. It should be added that in a different experiment not reported m 
detail in this paper, a third baby’s serum tailed to activate the mcomp c e 1 
antibody twenty-four hours after birth, but did so forty-eight hours after birt . 
It is evident from these experiments, therefore, that in some instances ie 
capacity of a baby’s serum to activate the incomplete Rh antibo y increases m 
strength soon after birth and is subject to individual variation. 

Considering the fact that the average normal cord serum does not activate 
the incomplete Rh antibody to the same extent as the average adult sei um, t ie 
theoretical question is raised as to whether the transfusion of eiytnoi as o ie 
children with adult’s blood may be, at times, contraindicated, due to tie ac 
that the infused adult plasma might activate the incomplete antibody piesent m 
the baby. The experimental analysis of this problem presents several difficulties. 
One of them is that the plasma portion of whole blood taken up in citiate oi ^in 
a.e.d. solutions is diluted by 75 or 120 c.e. of the crystalloid solution per 500 
c.c. of whole blood, resulting in a definite dilution of the blood plasma origina ly 
present. In a few experiments it was found that citrated plasma, when com- 
pared with serum obtained from the same patient, did not activate the incom- 
plete antibody as well as the serum itself and that the addition of as little as 
1 part of saline solution to 2 parts of serum reduced the activating power of the 
seram remarkably. 

Samples of blood obtained from erythroblastotie babies at different periods 
during exchange transfusions were tested to determine their activating capacities. 
It was anticipated that with progress of the transfusion the activating capacity 
of the samples would increase due to the increased percentage of adult plasma 
in the samples withdrawn. The results of this study in three instances are too 
irregular to permit the drawing of any final conclusions. Further investigations 
are needed to elucidate this point. 


COMMENTS 

On the whole, serum obtained from the umbilical cord of full-term infants, 
when compared with the average normal adult serum, is characterized by a 
decreased capacity to activate the incomplete Rh antibody. However, consider- 
able variations do occur. Some adult sera are rather potent in this respect, 
while others are of relatively low potency. There are a few cord sera which are 
as strong as adult sera of low or average potency, while other cord sera are weaker 
than the weakest adult sera tested so far. The susceptibility of the red blood cells 
used also varies, inasmuch as certain cells are clumped by the incomplete anti- 
body more readily than others. As pointed out by other investigators, agglu- 
tination of red blood cells by the incomplete Rh antibody rarely reaches the 
strength of agglutination frequently observed by the interaction of a strong 
saline Rh antibody with the corresponding red blood cells. 

The serum protein, albumin, and globulin levels were determined on several 
adult and normal cord sera obtained from full-term babies used in these experi- 
ments. In general, the average cord sera contained about 1 6m. per cent less 
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of total protein and l /-> (!m. per cent less of both albumin and globulin than was 
found in t he average adult serum. However, some of the cord sera which poorly 
activated the incomplete lih antibody had serum albumin and globulin levels 
comparable to those of adult sera which activated the incomplete antibody well. 
Furthermore, there were no striking differences between protein fractions in the 
cord sera which did and did not activate the incomplete antibody. Studies of 
serum protein fractions by more complete methods might give further in- 
formation. 

The experiments reported were carried out by warming the tubes in a water 
hath at 37° C. This temperature, however, is not essential; room temperature 
and icebox temperature seem to be equally suitable. The length of incubation 
necessary to secure maximal agglutination also varies, and while in our experi- 
ments the blood-serum mixtures were allowed to stand for one hour, we have the 
impression that one-half hour is sufficient. 

The time and speed of centrifugation are of great importance and deter- 
mine in many instances the degree of agglutination obtained. The advantage 
of increased agglutination following prolonged centrifugation at higher speed 
is frequently outbalanced by the necessity for shaking sediments more intensely 
at the time of reading, resulting in the breaking up of the clumped cells. 

There arc certain clinical implications which present themselves as a 
result of observations reported in tin's paper. The activating power of serum 
is apparently dependent upon a maturation factor. Serum of a G-month-old 
fetus was practically devoid of activating potency, and the serum of a 7- to 
8-month-old fetus showed definitely less activating potency than the cord serum 
of most full-term babies. The maturation factor becomes apparent and can be 
easily demonstrated if certain high titered anti-Rh sera, whose incomplete anti- 
body can be activated also by the average normal cord scrum, are used. The low 
titered anti-Rh sera which are not activated even by the normal average cord 
serum are not useful for the demonstration of the maturation principle during 
prenatal life. It seems reasonable to entertain the possibility that a certain 
relationship exists between the capacity of the baby’s serum to activate the 
incomplete antibody and the clinical picture of erythroblastosis. The develop- 
ment of this maturation factor might explain the fact that clinical manifestations 
become evident only during the second part of pregnancy. In some instances 
babies are born apparently normal and develop clinical manifestations shortly 
after birth. This might in some way he related to a rapid increase in activating 
potency after birth, as was found in several instances. 

Because of individual variation, it is not possible to predict; the actual 
status of the activating power of the fetus’ serum at any given time. However, 
the assumption that the factor constantly increases in potency during the last 
half of pregnancy is justified. Undoubtedly, therefore, the babies are exposed 
both to the mother’s Rh antibody passing from the maternal into their own 
circulation and to the development of an increased activating capacity of 
their own blood plasma. The level of activating properties of the serum of 
erythroblastotic babies examined so far was not appreciably higher than that 
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of the sera of normal infants of the same age. The school of investigators 
favoring premature delivery as a therapeutic measure m erythroblastosis Leta i. 
might find additional support for their belief in the observations reporec . 
However, careful clinical judgment should lie applied m order to avoid adding 
the trials of prematurity to erythroblastosis. The induction ot premature 
labor three to four weeks before term in cases where theie aie 1 casons o sus 
pect an erythroblastotie baby deserves serious consideration by the obstetrician, 
who must ultimately make the decision after analysis of the whole problem. 

The question of treating erythroblastotie babies with transfusions of adult 
blood deserves critical thought. Even though it is not possible as jet to piove 
experimentally an increase of activating potency in the bab> s bloo p asma 
following the* injection of whole blood, the conclusion that adult plasma given 
to erythroblastotie babies might possibly increase the dangei of intiavascu ai 
agglutination and hemolysis seems inescapable. An exchange tiansfusion lep ac 
ing the larger part of the baby’s blood cells would therefore seem to have piomise 
of better results than the simple transfusion of adult whole blood. Fiutheimoie, 
the transfusion of blood minus plasma (washed red cells) deserves consideration, 
especially in the milder eases. That even relatively small amounts of adult serum 
mixed with newborn serum increase the activating pow’er of that newborn s 
blood seruni will be described in a subsequent communication. 


CONCLUSIONS 

1. The cord sera of full-term newborn babies are compared with normal 
adult sera regarding tlieir relative capacities to activate the incomplete Rh anti- 
body and produce agglutination. The results depend upon the type of anti-Rh 
serum selected for this purpose. Certain anti-Rh sera containing incomplete 
antibodies of knv or even average titer, originating from patients with erythio- 
blastotie children, were activated by normal adult sera, but only slightly, 01 not 
at all, by normal cord sera. In contrast, other anti-Rh sera, such as those 
supposedly produced by immunization of volunteers and containing incomplete 
Rh antibodies of fairly high titer, were activated by both normal adult serum 
and normal cord serum. However, even in the latter instance, the aveiage 
normal cord serum frequently proved to be of somev'hat w'eaker potency than 
the average normal adult serum. 

2. A considerable difference could be demonstrated between the cord serum 
of babies born prematurely and those born at term when anti-Rh sera contain- 
ing incomplete Rh antibodies of high titer were used. The cord serum of a 
6-month-old fetus seemed to be lacking completely in activating potency, resem- 
bling saline solution in this respect. The cord serum of babies born four to 
eight weeks prematurely exhibited some degree of activating potency though 
less than the cord serum of full-term babies. The activating power of serum, 
therefore, depends upon a maturation principle which is subject to considerable 
individual variation. 

3. The maturation of the activating capacity may continue after birth. 
In order to demonstrate this principle, anti-Rh sera containing incomplete anti- 
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bodies which i'ail to produce agglutination with cord serum oL' t'ull-term babies 
should be selected. Using anti-Rh serum of this type, differences in the activat- 
ing power of normal cord serum and normal adult serum become readily 
apparent. Serum specimens from two of three normal babies taken twenty- 
four to forty-eight hours following delivery showed an increase in activating 
power when compared with their respective cord serum, although they had not 
reached the strength of normal average adult serum. Further studies of the 
maturation factor in postnatal life are necessary. 

4. Considerable individual differences in the activating potency of various 
sera, cord as well as adult, and differences in the susceptibility of various in- 
dividual blood cells to agglutination influence the titer of agglutination 
obtained. The theoretical implications of the reported observations with respect 
to the development of the clinical manifestations of erythroblastosis and the 
treatment of the disease by means of transfusions of whole adult blood are 
discussed. 
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STUDIES IN ERYTHROBLASTOSIS FETALIS 

II. Investigations on tiik Detection oe Sensitization of the Red Blood 
Cells of Newborn Infants With Euytiikohlastosis Fetalis 

Ernest Witebsky, M.D., Mitchell I. Ruuin, M.D., Lillian M. Lngasser, M.I)., 

and Livia Blum, M.T. 

Buffalo, N. Y. 


T HE laboratory support of the clinical diagnosis of erythroblastosis fetalis 
is of ever-increasing importance in order to establish the diagnosis with 
certainty as early as possible. This need has become more important now that 
exchange transfusions have been introduced as a method of treatment in severe 
cases during the first hours of life. 

The demonstration of Rh antibodies in the mother’s serum is the first indi- 
cation that she may give birth to an erythroblastotic child, and an increase in 
this antibody titer during the last half of pregnancy strongly suggests the 
probability of such an event but does not prove its inevitability. Free circulat- 
ing Rh antibodies are often found in the umbilical cord serum of erythroblastotic 
babies. Their demonstration is frequently interpreted as a sign of antibody 
surplus, indicating that the Rh antigens present in the baby’s cells have been 
completely saturated with the corresponding antibodies. Nevertheless, the 
presence of these abnormal antibodies in the cord serum is good indication that 
the baby has been sensitized and might possibly constitute sufficient reason for 
a n immediate exchange transfusion. However, many of the patients with 
erythroblastosis whom we have had occasion to observe recently showed either 
no free circulating antibodies or only antibodies of low titer in the cord serum in 
spite of the fact that these babies exhibited clinical signs of severe blood destruc- 
tion. In the absence of demonstrable Rh antibodies in the cord serum the 
laboratory evidence of the baby ’s sensitization rests upon the demonstration of 
sensitization of his red blood cells. 

Several investigators have described different methods of demonstrating 
sensitization of the babies’ blood cells. Carter and Lougliey 1 reported that they 
succeeded in releasing anti-Rh agglutinins from their attachment to the blood 
cells of erythroblastotic babies by heating the cell suspensions in a water bath 
at 56° C. To demonstrate this cell sensitization, Coombs, Mourant, and Race 2 ' 1 
use an antihuman globulin rabbit serum which induces the agglutination of 
erythroblastotic babies’ cells but not of normal blood cells. Hill and Haberman 3 
have further demonstrated the usefulness of the Coombs test, and they call it 
the “developing test.” Diamond and Abelson have recommended a test for the 
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detection of the sensitization of babies’ blood cells which they call the “reagglu- 
tination test.’’® 

In a preceding paper 1 ’ observations are recorded demonstrating that sera of 
premature babies as well as many cord sera of full-term babies were character- 
ized by their relative weakness to activate the incomplete Rh antibody, which was 
in striking contrast to the capacity of adult serum to activate this antibody. 
With this in mind the following experiments were designed to determine 
whether normal adult serum would produce agglutination of red blood cells 
sensitized with the Rh antibody. 


KXl'KIi 1 M KNTAI , 

The first four experiments describe typical procedures followed by us for 
determining sensitization of the blood cells of ervlhroblastotic babies. A patient. 
Mrs. Le. (Rh-negative, (iroup A), with a history of having given birth previ- 
ously to erythroblastotic children was again delivered of a child exhibiting 
severe clinical manifestations of this disease. The cord serum of this baby was 
examined for the presence of free circulating Rh antibodies, the mother’s serum 
taken during delivery being used both for comparison and as a control. The 
experiment itself was carried out in the following way : 

Decreasing amounts of the serum of Mrs. Le. (Columns a and b) as well 
as cord serum of Baby Le. (Columns e and d) (volume, 0.1 e.e.) were mixed 
with 0.1 o.c. of a 3 per cent, cell suspension of Rh-positive Group 0 cells. In 
Columns a and e, physiologic saline solution was used as a diluent for both the 
serum dilutions and the cell suspensions. In Columns b and d, normal adult 
serum of Group AB serve as a diluent. The tubes were shaken thoroughly and 
kept in the water bath at 37° C. for one hour. Then they were centrifuged 
at medium speed for two minutes. The resulting agglutination is shown in 
Table I. 


Table I. Anoi.eTix.vnox or Kh-Positive Gncur O Cells by Mils. Le. 's and Baby Le.'s 

Br.ooi) Seica 
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1:128 

+ 
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- 

1:250 

- 

- 

- 


0 



“ 



No agglutination; ±. faint agglutination; +, slight agglutination; ++, marked agglutina- 
tion; +++, strong agglutination. 


• According to a personal communication, this test is carried out as follows: "The baby’s 
cells obtained from cord blood are washed twice with saline. A thick drop of the baby s washed 
ce I ?s placed oS a slide and mixed with a slightly larger drop of whole oxalateil blood from a 
pc Awn Rh-positive donor of a compatible blood group. The mixture is rocked foi two minutes 
on°a viewing box and at the end of two minutes bound or blocked cells will agglutinate the 
Rh-positive blood of the donor." 
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The Rli antibody titer of Mis. Le.’s serum was 12S, irrespective of whether 
saline solution or normal adult serum was used as a diluent. In contrast, no 
Rh antibodies were demonstrable in the cord serum under the experimental 
conditions employed. In view of the baby's severe clinical manifestations of 
erytlnoblastosis, however, it had to be assumed that the baby s led blood cells 
weie sensitized. 


Suspensions of red blood cells in this and in subsequent experiments weie 
piepaied fioni cord blood by the following method: 

Umbilical cord blood was allowed to stand until clotted. The clot was then 
loosened from the sides of the test tube and centrifuged in order to precipitate 
the clot of cells and separate the serum. After the larger part of the supernatant 
seium had been decanted, the blood clot was broken up with wooden applieatois 
and the cells lesuspended in the small remaining portion of supernatant seium. 
In other instances, the blood clot was squeezed through several layers of gauze 
in order to obtain a suitable cell suspension. If the suspensions of blood cells 
weie not homogenous, they were filtered through a paper filter of a tjpe that 
allowed the passage of red blood cells. (The paper filter was first moistened 
with cord serum, it available; if not, with saline solution.) Finally, the cell 
•suspension w r as spun down thoroughly, the supernatant being removed as com- 
pletely as possible by means of a dropping pipette. The cell sediment was not 
submitted to any washing procedures. 

In order to demonstrate the sensitization of the blood cells under investiga- 
tion, the following experiment was carried out ■ 

Packed Baby Le.’s cells, 0 0125 c.e., were mixed in test tubes with 0.3 c.c. 
°f ; (1) three different normal adult sera (Columns a, b, and c), (2) two 
normal cord sera (Columns d and e), and (3) cord serum of Baby Le. (Column 
f)- The mixtures were shaken thoroughly and kept for one hour in a water 
hath at 37° C. They then were shaken slightly and spun dowm by centrifugation 
for two minutes at medium speed. The results of this experiment are seen in 
Table II. 


T\ble II. Test Tube Agglutination" of Bais\ Le ’s Cells .Suspended in Various 
Adult Sep. v \nd in Cord Sep.a, Respectively 


— A 1 

b | c 

1 d | e | 

f 

— SERA. TESTED 

normal 

VDULT SERA 

| NORM VL CORD SERA | 

CORD SERUM OF BABY LE- 

+ 

+ + 4- ± 

- 

- 


Slutination 0 aBglutlnation • faint agglutination , +, slight agglutination . + + +. strong ag- 


"When Baby Le ’s cells were suspended in three normal adult sera in test 
tubes, varying degrees of agglutination occurred. However, wiien cord serum, 
deluding that of Baby Le., was used as a diluent, there w r as no agglutination. 
Obviously, therefore, Baby Le ’s cells were sensitized, but visible agglutination 
l Hl not occur unless the baby’s cells were suspended in adult sera which are 
s "itable for activating the agglutination of Rh-positivc cells sensitized by the 
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incomplete Rh antibody. The specificity of the agglutination observed becomes 
evident from the following experiment: 

Packed cells, 0.01 e.e., obtained from three different sources (Column a, 
blood cells of Baby Le. ; Column b, normal adult blood cells, Group 0, Rh- 
positive; and Column C, normal adult blood cells, Group A, Rh-positivc) were 
mixed, in the first row, with 0.3 c.e. of normal serum Group A and, in the second 
row, with 0.3 e.e. of Group A citratcd plasma originating from the same in- 
dividual from whom the normal Group A serum was obtained. The experiment 
was carried out in two parts, Part f being kept in the water bath for one hour 
at 37° C. and Part II in the icebox for one hour at 4° C. The tubes were then 
spun down in the centrifuge at medium speed for two minutes. The resulting 
agglutinations are shown in Table III. 

Table HI. Test True Ai;c.h;tixatu>s ok Baby Le.'s Cells by Noumal Adult Sebum asp 



Plasma, Respectively 




PART I 




PART II 
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-f + + — 
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0.3 c.c. 







Plasma Group A 

+ + 

— 


+ 

- 


0.3 c.c. 








-. No agglutination ; ±, faint agglutination: -i-+, marked agglutination; + + r, strong 
agglutination. 


The specificity of the agglutination of Baby Le.’s cells suspended either 
in normal adult serum or in normal adult titrated plasma becomes apparent. 
Two cell suspensions from normal individuals similarly prepared failed to show 
any agglutinations. In this experiment agglutination of the baby's cells 
appears to be stronger at body temperature than at icebox temperature. 

The agglutination of Baby Le.’s cells in normal adult serum could also 
be shown very clearly on the slide. As a matter of fact, the slide technique 
which was carried out in the following manner proved to be most valuable for 
demonstrating sensitization of this baby’s cells. 

With a wax pencil, two rings about 2 cm. in diameter were made on a clean 
microscope slide. In the center of one ring two large loopfuls (or their equiva- 
lent) of packed washed Baby Le. ’s cells were placed. In the second ring the same 
amount of packed normal adult Rh-positive cells of Group O was placed. One 
large drop of normal adult serum of Group A® was added to each ring and the 
mixtures were stirred with wooden applicators. The slide was constantly tilted 
back and forth by hand, or was placed on a viewing box as recommended 
by Diamond, and rocked for a few minutes. Frequently five to ten minutes 
elapsed before agglutination occurred. 

An alternative method to the one described consisted of the following: 
One large drop of adult serum of Group A was placed in each of two rings on a 
slide. Two wooden applicators were placed in the test tube containing packed 

»Since Baby Le. belonged to Group A, serum of Group A or of Group AB was used in all 
experiments. 
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Baby Le.’s cells. The sticks were removed mid placed into the first drop o 
serum oil the slide. Sometimes this was repeated, vising the other ends ol the 
sticks, in order to insure at least a 10 to 20 per cent cell suspension. Normal 
Rh-positivc Croup 0 cells were added to the second drop of serum in the same 
manner. 

The agglutination of the baby’s cells never reached the stage of one solid 
clump. Instead, agglutination was observed at first only with a magm jin 0 
glass, and finally, as time elapsed, ended with the production of man) clumps 
of larger size. Oxalated adult plasma also proved very suitable for demon- 
strating sensitization. Agglutination of Baby Le.’s cells when taken up in a 
drop of oxalated plasma on a slide occurred faster and appeared to be even 
stronger than when taken up in a drop of serum. However, normal cells, too, 
agglutinated occasionally in oxalated plasma. The addition of one drop of 
normal saline solution to these latter preparations resulted in a dispersion of 
the agglutination of the normal cells but did not disturb the agglutination of 
Baby Le.’s cells. Nevertheless, because of its possible nonspecific effect we feel 
that oxalated plasma should not be used routinely for this purpose and that 
serum is the diluent of choice. 

Since the cord serum of Baby Le. did not produce agglutination of his 
own sensitized cells, the following experiment was conducted to determine 
whether mixtures of Baby Le.’s serum and normal adult serum would induce 
agglutination of Baby Le. ’s cells in view of the fact that this would have im- 
portant clinical implications. Several mixtures of Baby Le. ’s cells with various 
dilutions of normal adult serum in his own serum were prepared : 


1 part of normal adult serum of Group A plus 29 parts of cord serum (Baby Le.). 

1 part of normal adult serum of Group A plus 9 parts of cord serum (Baby Le.). 

3 parts of normal adult serum of Group A plus 7 parts of cord serum (Baby Le.). 

1 part of normal adult serum of Group A plus 1 part of cord serum (Baby Le.). 

3 parts of normal adult serum of Group A plus 1 part of cord serum (Baby Le.). 


Two rings about 2 cm. in diameter were drawn on each of four microscope 
slides with a wax pencil. One large drop of each of the described five mixtures 
was placed in five separate rings. One di’op of undiluted cord serum (Baby Le.) 
was placed in the sixth ring and one drop of the same normal adult serum un- 
diluted in the seventh ring. The eighth ring contained one drop of 20 per cent 
albumin solution. To each of these drops, Baby Le. ’s packed cells were added 
by means of wooden applicators as described previously. The mixtures were 
atirred and constantly rocked on a viewing box and read after ten minutes. 
4 able IV shows the results of this experiment. 


Table IV. Slide Agglutination of Baby Le.’s Cells by Various Mixtures of 
C oitD Serum and Normal Adult Sebum 


-J 1 1 

b 1 

C 

1 a 

1 0 1 

f 1 

g 

i h 





SEKA TESTED 




. 

SERUM MIXTURES 


CORD 

ADULT 

ALBUMIN 

I 1 

l n 

1 in 

1 IV 

1 V 

SERUM 

SERUM 

20% 


+ 

+ + 

+ + + 

+ + + + 

- 

++++ 

- 


.icl-Ii.iTl a Eglutination ; +. slight agglutination; i +, marked agglutination; + + r, strong 
HMUtlnatlon; + + + +, very strong agglutination. 
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cells, whereas Babv llx!' own [-ova ^ ,ducc ‘ I agglutination of Baby Le.’s 
of increasing amounts of adult senm/T,! ] ‘°, ‘I". 80 at a,L The addi ‘io„ 

which have an increasing capacity p l , • ^ ( ° U ‘ Smim rt ‘ su ^s ill mixtures 

osting to note that a Jt “ inte * 

serum and nine parts of cord sen.... i , , 0,10 I ,art of normal adult 

tl>e degree of agglutination was ratlieT weah t ^ W,,S evwi thou 8 h 

glut mated in 20 per cent albumin solution under d! '’ ' * ■'*"* WOns ’ Wt ^ 

an observation which we nnd,. f „ tbc.se experimental conditions, 

not a suitable medium for |, riii-mm miMh (>i J v,ousl - v - albumin solution was 
t'y.od cells in the slide test. " agglutination of Baby Le.’s sensi- 

n, ay be considered 11 to' beTvpteul^ * m ‘ m a,,d ed,s of Bab -'' Le - 

not contain any demonstrable free intih , ‘ l ." bIas ;V. >tle . I,able . s cord sera do 

deal with a ease in’ which free Rh -lniil r ^ ,od °wmg three experiments 

Mw. Bar. (Grom, • i> / * ** r ° und in ^ eord scrum. 

a rather high titer of Rh' antibodies' oV th' <llU ' ,ng Pliancy showed 

term of a baby exhibiting sever,, .r • 1,0 “Complete variety, was delivered at 
The baby lielonged to Group V •ind 1 ' u--,'. , ” a,,,ltfS . t * lt,on » of erythroblastosis, 
lusion was sueeessfullv performed , ,! „ m P ? s,t,ve - An exchange trans- 
Plc of blood was obtaiili aRertn «™I> A blood. A sam- 
blood. Nine blood specimens were ' 01 ill)0Ut 60 c - c - of ‘be donor’s 

intervals during the exchange tr „, . CCte( ,n Wiissermanii tubes at regular 
transfusion started, the la.st”one / ' L - ° ne i)ein g taken before the 

blood specimens failed to clot whereas .7? t - IlC - traast ' l,si °»- The first four 
the heparin used. The babv’s " ' C r< ' ,namm o ones did, possibly due to 
of the transfusion was examined for*Rh • C ° I1 . eeted at the beginning 

the first experiment (Table I) An pi * ,0t ICS 111 t lc manner described in 

found in a titer of 16. No s-ili.m pi ! anllb ody of the incomplete variety was 
incomplete Rh antibody titer was “®' Iut,,,,n was Present. (The mother’s 
In the experiments to be , 1 . ■ *!° 1 at the time of deliveiy, above 250.) 

Baby Bar. during the cxchan^r-in •’/ ^ blood s P ecim e»» obtained from 
natant sera were removed from the , US1011 " erc S P»» down and the super- 

Sen, 0 „ „ 0 TblXtos tl, '"““T' 1 ” s «'« of 

described in the case of Baby Lc Tim „,n’. C V sus P ensl °m>' were prepared as 
not treated further and were used •,« ° , ’ sed ' monts ot ' Sera 1 through 4 were 

washed. 16 USed as sue l - W of the cell suspensions was 

In order to determine if Bahv R,,, , , , , 

Rh antibodies the following experiment w-n ^ -T C ' eJ,S were se,lsitized by 
ten rings were drawn on five slides j n 1 H ° Ut . : With a wax P«*il, 
the nine serum specimens obtained durin- ^ ” ine nn « s one dro P each of 
placed. One drop of normal adult serum ot^G roun^Y f-'f T” 
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' . mixtures within each ring were 

was estimated to lie about -0 per ce . * n<r , )()X and cons iantly rocked, 

stirred thoroughly and then placed upon ^ ” , d in Tal) | e y. 

After ten minutes the results were noted and aie 

. . Ufvci'rr/KD Cia.i.s i»y Koum.u, Adult Sebum 
Table V. Slide Awa.inix.enoN- or IIaiiy ,' ) ' n , 1N . ( .' ax IIxchanof. Tuaxskiisiox 

AND BY VABIOrS SEIH-M STECIMENS I AKEN DIMM. A. 


Serum 1 
Serum - 
Serum i! 
Serum 1 
Serum 5 
Serum 0 
Serum 7 
Serum S 
Serum 0 
Adult serum 


+ + - 


Might iiRBlutlnutlon ; 


r t. 


nmrkeil ugslutinution ; + + +. strong 


No agglutination : +. 
agglutination. 

n ...i...,, added to its own cells, pro- 
The serum of Baby Bar Serti^ , ^ howeve r, Sera 2 to 

dueed agglutination on the sink. ^ " ' l() do s0 The last serum, 9, 

8, taken during the exchange transLusn) , < ^ serum o£ Group A, when 

again gave a weak agglutination. * o fl lutinat i 0 n. At the pres- 

mixed with Baby Bar s eeHij, restdkd . ‘ ^ speeime ns obtained during 

ent tune we are unable to exp am *h> • ^ agg i u tination of Baby 

the exchange transfusion i ailed to \)\od <■ . 

Bar 'fttL obvious goal ot an 

blood with normal Wood free ol Eh antilm • tea. Cot ^ donor , s Eh . 

blood is used by most invest igatois. T)u „ m ts with the 

negative blood cells are constantly mixed m evei-mci < o Rh positive blood 
baby’s Kh.positivo blood colls. The presence or absen, m of K -po art™ blood 

cells in the blood specimens taken during exchange 3 I? 

sidcred a rough indicator of the success and extent of the ope ation . To thm 

. a nut mi the senes ot Diooa specimens 

end the following experiment was earned on 

obtained from Baby Bar. during the exchange tians usion. 

Prom the blood sediments of the nine speeimens obtained fiom -Baby Ba 
during the exchange transfusion 2 per cent blood cell suspensions were pre- 
pared in physiologic saline solution. As controls 2 per cent suspens ons_ 

normal Rh-negative and of normal Rh-positive ce s were use . 

row of tubes (Column a) 0.05 c.e. of each of the 2 per cent cell su pension 
was mixed with 0.05 e.c. of anti-Rh test serum 1 (anti-D, 85 per cent) in t e 
second row (Column b), with anti-Rh test serum 2 (anti- , o pei cen , a 
in the third row (Column e), with 0.05 c.e. of physiologic saline solution. After 
being shaken thoroughly, the tubes were kept for one hour at room temperatuie 
and then centrifuged at medium speed for two minutes. The resulting macro- 
scopic agglutination is shown in Table VI. . 

The two Rh test sera secured from different sources strongly agglutinated 
the Rh-positive cells which were used as controls. The first test seium aggluti- 
nated Baby Bar.’s cells taken from the first and second specimens, while cells 
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table VI. Test Tube A<;<ii.i:'n.v.vno.x- or Various Blood Cell S eke ex skin's Takes Fi:om 
Baby Bail Dubixr Kxcuaxre Tkaxskusio.v by Two Dikfkhkxt Anti-Hii Test Skua 




a 

AXTMiir 
SKIIUM 1 

b 

A.NTMIH 
SEBUM 2 

e 

SALI.SK 

SOLUTION’ 


Blood coll 

suspension 1* 

+ + 

4 4 4 

- 


Blood cell 

suspension 2 

•f 

4 4 4 

- 


Blood cell 

suspension 1! 

- 

+ -f *}* 

- 


Blood cell 

suspension t 

- 

-f -r 

- 


Blood cell 

suspension o 

- 

4 4 

- 


Blood cell 

suspension 0 

- 

4 

- 


Blood cell 

suspension 7 

- 

- 

- 


Blood cell 

suspension S 

- 

- 

- 


Blood cell 

suspension 11 

- 


- 


Normal Rh-positive veils 

41 4 

4 4 4 

— 


Normal Hli-ncgative cells 

- 

- 

- 



No agglutination : ■*-, slight agglutination : 44 , marked agglutination ; 444, strong 
agglutination. 

•Sample 1 was obtained before any blood was infused : ill e.e. of blood were withdrawn 
from the baby and replaced with about 10 e.c. of donor's blood between each subsequent sample. 

from the third specimen were negative with this serum. In contrast, the sec- 
ond anti-Rh test serum strongly agglutinated Baby Bar.'s cells up to and in- 
cluding the sixth specimen; blood cells from the seventh specimen failed to 
show agglutination. Obviously the strength and .quality of the Rh test serum 
used are of great importance in the detection of the baby's Rh-positive cells 
in blood mixtures resulting from exchange transfusions. The agglutination of 
the baby’s Rh-positive cells by anti-Rh serum seems to he a practical way of 
testing for their presence in mixtures consisting of both the baby's blood cells 
and the donor’s blood cells as obtained during exchange transfusion. However, 
the interpretation of this latter observation is not entirely clear. First, the ag- 
glutination of the baby’s sensitized cells may not have depended solely on the 
presence of antibodies in the anti-Rh test serum. It has already been pointed 
out that normal adult serum will induce agglutination of sensitized red blood 
cells. Second, Baby Bar.’s umbilical cord serum contained a free circulating 
antibody, suggesting complete sensitization of Baby Bar.’s Rh-positive cells. 
The question thus arose as to why Baby Bar.'s cells were still subject to ag- 
glutination by anti-Rh sera. In order to elucidate these two points, the fol- 
lowing experiment was performed. 

Twenty circles (about 2 cm. in diameter) were drawn with a wax pencil 
on several slides. One drop of commercial anti-Rh serum (recommended for 
the slide technique) was placed in each of ten rings, one drop of normal pooled 
adult serum of Group A being placed in a second group of ten rings. To the 
first nine rings of each group packed cells of Baby Bar. prepared from the 
nine different specimens obtained during the exchange transfusion were added 
by means of wooden applicators. The tenth ring of each series was used as a 
control for which normal Rh-positive cells of Group A were used. The slides 
were placed on the viewing box, rocked, and the resulting agglutination observed 
after about ten minutes. Table VII shows the findings of this experiment. 

The commercial anti-Rh serum agglutinated Baby Bar.’s cells up to the 
fifth specimen, while cells taken from the sixth specimen failed to show any 
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Tabu: VII. .Sulk Augu-tisation ok Vauious Hkooo ^ s ^|J’ '^ xoKiiAil^DULT Skkum 
Bab. Dniuxci Exchanok Tuansitsion by AmMIh hu.i m and _ 


an'ti-i:ii sKitr.M xo kmai, auki.t ski;i-m_ 


Blood cell siifpenbion 1 
Blood cell suspension - 
Blood cell suspension ."> 
Blood cell suspension -1 
Blood cell suspension 5 
Blood cell suspension ti 
Blood cell suspension 7 
Blood eell suspension S 
Blood cell suspension 1) 
Normal Rli-positive ceils 


Ut 

T + 

i 1 
1 
+ 


+ -r + + 


+ + - 
1 1 1 
1 I- 
+ 


Normal Kli-positive cons _ ■ , 

* ■ 1 .11. .1.1 .1 ii intln:ition * + 4 "* nurktd 

tion; ^^"stro^f^.iSKlutlnaUon ; ll +-i-s+! > '''ery' I stro'i| t I;' agglutination. 

agglutination. However, normal adult srrum also allo»'cd the recognition o£ 
the haby’s sensitized eells up to the fifth specimen, thus resomblmg 
the results obtained with the anti-lih serum. The lac in , 

taining anti-Kh antibodies was no more effective in asglut.natmg this pait.en a 
baby’f eells than was the serum without antibodies would lead one con tade 
that in addition to Rb antibodies the serum itself is an impel an ae o . 
further evidence is obtained we do not recommend that tins test be used 
guide as to the amount of Wood that should he given in an exchange transtnsion. 

DISCUSSION 

The findings reported in this paper have been essentially confirmed by the 
last six cases of erythroblastosis which we have studie . ® lx in , ' 

hibited severe clinical manifestations of the disease. wo ie sioi y 
birth before treatment could be administered, while the other four were treated 
by means of exchange transfusions and lived.* In all six cases the mothers 
were Rh negative and the babies were Rh positive. Further studies are neces- 
sary to determine the sensitivity of the described methods and the applica n i > 
of this technique to the detection of mild forms of eiythio astosis. 

Normal adult serum, active as well as inactive, was found to be the most 
suitable diluent for bringing about the agglutination of sensitized cells obtained 
from babies with erythroblastosis fetalis, especially when the slide test was 
used. Why albumin solutions, 20 per cent as well as 30 per cent, were not 
suitable for this purpose is not quite clear. However, these latter solutions 
can he used successfully in the test tube. Oxalated plasma also proved to be 
a good medium, its only disadvantage being that it frequently produced a non- 
specific type of pseudoagglutination. Nonspecific reactions xvith the nse of 
normal adult serum have not been observed while examining the cases undei con- 
sideration. However, in the study of a larger series of normal cord bloods, 
pseudoagglutination (rouleaux formation) was occasionally encountered, thus 
making it necessary to observe the slides microscopically. Therefore, from a 
diagnostic standpoint, the agglutination obtained must be interpreted xvith great 

•We are very much indebted to Dr. Douglas P. Arnold who performed the four exchange 
tiling fusions ami furnished us with the material for these studies. 
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care. The presence of even small amounts of saline solution prevented or reduced 
the agglutination of the baby’s sensitized eells. h’or this reason, packed unwashed 
cells were used with undiluted adult serum. Wiener reported the agglutina- 
tion of red blood cells of erythroblastotie babies when these cells were sus- 
pended in their own cord sera. In pur experience, cord sera are considerably 
inferior to normal adult sera in this capacity. One ease exhibiting a somewhat 
different feature from the cases described herein seems to he worthy of men- 
tion in this connection. In this instance the preparation of a cell suspension 
from the baby's cord blood clot was more difficult than usual because of a 
marked degree of hemolysis. The cells were found to be Rh positive and were 
considered to belong to Group A«B. The B property of the baby’s cells was 
strongly and definitely agglutinated by an anti-B isoagglutinin; the presence 
of the A property, however, was somewhat questionable in spite of the fact 
that both test sera, produced by immunizing donors with blood group-specific 
substances, were very potent.® When normal serum of Group AB was added 
to the baby’s blood cells, the same weak type of agglutination occurred as was 
obtained with test serum of Group B, indicating that the agglutination of 
these cells was not due to the interaction between an A antibody and an A 
factor, but to the fact that the baby’s cells were sensitized with an Rh anti- 
body, thus exhibiting agglutination when suspended in normal adult scrum. 
This child’s mother belonged to Group O, and one could have construed very 
easily an exemption to the Bernstein law of inheritance of the blood groups.* 
The baby’s cells, even when suspended in saline solution and examined under 
the microscope, already showed in each field occasional clumps consisting of 
five to ten cells. When the baby’s packed cells were added to normal cord 
serum on a slide, macroscopically visible agglutination occurred. The baby’s 
own cord serum was not available. 

As a result of the difficulty experienced in the determination of this baby’s 
blood group, one wonders if similar difficulties might be encountered in the 
determination of the Rh type of erythroblastotie babies. In many instances 
the baby’s Rh type is considered to be positive because agglutination of the 
cells occurs following the addition of an anti-Rh serum. The question arises 
as to whether agglutination of red blood cells from erythroblastotie babies by 
an anti-Rh serum is actually caused by the Rh antibody proper, or whether it 
is merely due to the addition of normal adult serum. Surprisingly enough, 
agglutination takes place even in instances in which the baby's cord serum 
contains free circulating Rh antibodies which, one might assume, had com- 
bined with all the available Rh antigens present in the baby’s cells. The inter- 
pretation of agglutination tests with the blood cells of erythroblastotie babies, 
therefore, needs careful observation from the standpoint of specificity. 

Adult serum of any group can be used to bring about agglutination of the 
baby’s sensitized cells by the slide technique, provided that the blood group 


*In order to avoid this statement being misused legally to question the validity of Bern- 
atoln’q rule it should be added that this baby, if it had survived, would soon have replaced its 
sensitized cells with normal cells and would have shown its true blood group a few weeks after 
delivery. 



SlTDIKS IN KHYTIIUOHI-ASIOSIS FETALIS 


1349 


corresponds to .M of the rolls. Si, .00 tbere ore eo. 1 shU..-ehle i,tJividt,ul ] varia- 
tions hi the suitahilily of individual adult sofa, poo a tan aUcil- 

adult sofa of the same Itloo.l «fou,.. If the Laity Mow l<> 1 >• 

lion need be paid to the blood group of the adult serum to be . a 1. h. cm • 
where the baity's blood Rfoup is unknown of is «|uest.ou»blc, sen,,,, ot Coup 

AB is the safest one to employ. 

From the standpoint of treatment, the observations reported m M. e It 
may be sig, .Meant. This experiment showed that the add, turn 0 as little : as 
1 part of adult serum to 0 parts of the baby’s cord serum induced macro 
scopicallv visible agglutination of lire baby’s cells on the slide. T ius m • 
fusion of 30 to 50 e.c. of adult whole blood into a newborn baby might bo suib- 
eient to enhance the in vivo agglutination of the babj s sensitize ce H ’ * C ’, 
lag i„ further damage to them. Experimental evidence supporting th.s theo- 
retieal possibility, however, has not yet been found. What happens to the 
activating properties of adult plasma following transfusion m o an eij 
hlastotic baby still remains unknown. 


coNCi.rsiox 

A simple technique for the demonstration of sensitization of the led blood 
cells in an erythroblastotie baby is described. Agglutination occurs when ic 
packed blood cells of an erythroblastotie baby are suspended m normal adu 
serum. This test can be carried out either in test tubes or on microscopic s ides, 
the use of the latter proving more sensitive in our hands. The results obtained 
from this test indicate that the baby’s cells are sensitized by the incomp e e 
type of Rh antibody which does not cause agglutination in saline solution and 
only slight agglutination if any, in cord serum. Blood specimens taken from 
erythroblastotie babies during exchange transfusions were examined tor t e 
continued presence of sensitized eells. Some practical aspects concerning t ic 
validity and specificity of Rh type and blood group determinations of erythro- 
blastotie babies, as well as the treatment of these babies by blood transfusion, 
are discussed. 
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TIIE UKINARY EXCRETION OR TT ERO YLGLUTAM 10 ACID AND 
CERTAIN RELATED COMPOUNDS 


T. 11. Jukes, Pu.D., A. L. Kkankux, Pu.D., B. L. R. Stokstad, Ph.D., 
and ,J. W. Bokhne, III, B.s. 

Pkahl Rivkk, N. V. 

I T BECAME evident in the early -stages of the investigations of Lactobacillus 
cusei faetor (folio aeul) that only small amounts were exereted in the urine of 
normal human subjects. 1, - The amount exereted daily was estimated to he 
less than 1 per eent of the probable dietary intake.* 

These observations indieated that dietary pteroylglutamic aeid was probably 
broken down before excretion. Later, pure pteroylglutamic aeid (PGA) be- 
came available for administration as a supplement. It then appeared that 
the amount of pteroylglutamic aeid exereted in the urine increased sharply as 
the dosage was raised, indicating that the capacity of. the body to break down 
pteroylglutamic acid was limited. A corollary of these observations was that 
pteroic aeid did not appear to be exereted as a breakdown product of dietary 
pteroylglutamic aeid because, on a normal unsupplemented diet, the potency of 
the urine was low when measured either by Streptococcus fac cutis R 1 or L. amir 
In a study carried out with young men on a normal diet, it was found that 
the average daily urinary folic aeid excretion was about 4 pg as measured by 
assay with Str. faecalis R.* Supplementation with a very small amount (90 pg) 
of pteroylglutamic acid daily did not increase the urinary excretion. 4 

The daily urinary excretion of pteroylglutamic acid was found to be 2 to 
4 pg, rarely exceeding 5 pg, on ordinary diets.' 1 Oral or parenteral administra- 
tion of pteroylglutamic acid led within twenty-four hours to an excretion of 
15 to 75 per cent of the amount administered, depending on the size of the dose; 
one individual excreted 16 per cent of an intramuscular dose of 1 mg., while 
with a dosage of about 10 mg. daily, either orally or parenterally, the excretion 
usually ranged between 35 and 50 per cent. When pteroyltriglutamic aeid was 
administered to a patient with sprue, assay of the urine with L. casd and 
Str. faecalis R indicated that pteroylglutamic acid was liberated from pteroyl- 
triglutamic acid and excreted in considerable quantities. 

Doses of 5 to 16 mg. of pteroylglutamic aeid were fed to nine normal sub- 
jects and nine hospital patients. 8 The normal subjects before receiving pteroyl- 
glutamic aeid had an average daily urinary excretion of between 2 and 3 pg 
of pteroylglutamic acid. They excreted an average of 2S.5 per cent of the 
administered dose. Most of the excretion took place between the second and 
eighth hour after dosage. The hospital patients exereted much lower per- 
centages of the administered dose. 

Studies with six normal subjects 7 showed that only about 3 pg of pteroyl- 
glutamic acid, as measured by assay with L. casci, were present in the twenty- 

From tlie Lederle Laboratories Division. American CyananiM Co. 

Received for publication. Aug. 1C, 1917. 
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four hour urine prior io administration of pteroylglutamic acid. When 4 mg. 
of tlic compound were given, about 32 per cent ot the dose was excreted in the 
urine in twenty-four hours. 


KXl'KIU.UKNTAI, 

Normal adult men were used as subjects. Since it was found that on 
ordinary diets the pteroylglutamic acid (PGA) content of the urine was very 
low (between 5 and 10 millimicrograms per milliliter) no attempt was made to 
control the diet and, except when very small test doses were used, it was unneces- 
sary to apply a correction for the basal value of the urine. 

Samples were collected in brown bottles and preserved under toluene in the 
refrigerator. Folie acid was assayed against a pteroylglutamic acid standard 
with Str. fuecalis R, s using purine, pyrimidine, amino acid, and vitamin supple- 
ments as described by Teply and Elvehjem." 

In the first series, the urinary excretion of pteroylglutamic acid was studied 
following the administration of various dosage levels of a solution of the sodium 
salt. Two experiments were included in which the excretion of the free acid 
suspended in water or oil was measured. The results, shown in Table I, 


Table I. Effect of 1)osac.k and Mode of Administration - ox Urinary Excretion of 

Pteroylglutamic Acid 


FORM 

ADMINISTERED 

AMOUNT 

PGA 

TAKEN 

(MG.) 

| COLLECTION 
PERIOD 

OF URINE 
(HR.) 

1 

ROUTE OF i 

ADMINISTRATION 

PER CENT OF DOSE 
EXCRETED IN URINE 

AVERAGE 

Solution of Na salt 

0.1 

6 

Oral 

0, 0, 0.9 0.6 

0.4 

Solution of Na salt 

0.5 

G 

Oral 

0, 12, 25, 19, 3, 14 

12 

Solution of Na salt 

1.0 

0 

Oral 

10, 25, 26, 2G 

22 

Solution of Na salt 

2.0 

G 

Oral 

32, 36, 38, 51, 56 

43 

Solution of Na salt 

5.0 

G 

Oral 

45, 49, 49, 44, 48, 52 







48, 46, 57, 56 

49 

Solution of Na salt 

15.0 

24 

Oral 

81, 92, 57 

77 

Solution of Na salt 

5.0 

G 

Intravenous 

51, 54, 72, 64 

60 

•Suspension in 


5.0 

6 

Oral 

35, 31, 39, 32, 35 

34 

water 







Suspension in oil - * 

5.0 

G 

Oral 

15, 15, 17, 24, 28 

20 

•Mazola oil. 


indicated that the proportion which was excreted increased as the dose was 
raised. The greater part of the excretion took place in the first six hours. 
A small part of the administered dose was excreted in the next eighteen hours. 
4 his is illustrated in the data in Table II. An average of 53 per cent of a 


Iaui.e II. Time Relations in the Urinary Excretion of Folic Acid Following tiie 
Oral Administration of 5 mg. of Sodium Pteroylglutamate 

subject 

PER CENT OF DOSE EXCRETED 

0-6 IIR. | 0-24 UK. 

(% OF 24-HOUR excretion) 
excretion in first 6 hours 

1 

48 2 

96 

- 

48 3 

91 

*» 

52 0 

90 

4 

41 4 

91 

- 

49 9 

S4 


47 S 

85 
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dose of 5 hil;. was excreted in twenty- four hours, and an average of 00 per cent 
of this excretion took place in the first six hours. After twenty-four hours 
the urinary folic acid content returned to the basal level. 

In the next series, the excretion of folic acid in the urine was studied 
following the administration of pteroyltriglutamic acid (pteroyl-y-glntamyl-y- 
glutamvl glutamic acid). 10 This compound has about 3 per cent of the activity 
of pteroylglutamic acid in the Sir. facctilis It assay. Urinary excretion values in 
excess of the total microbiologic activity of the administered dose were presumed 
to indicate that pteroyltriglutamic acid had been excreted as pteroylglutamic 
acid. The results, which are given in Table III, led to the conclusion that 
pteroyltriglutamic acid was readily hydrolyzed in the body to pteroylglutamic 
acid because the urinary excretion values following the administration of pteroyl- 
triglutamic acid were very similar to those observed with pteroylglutamic acid. 


Tahj.e III. Amovxts ok Four Arm Activity Fol'.nu Present is the Uiunk Foi.i.owino 
Administration ok 7.0 mo. ok PTKuoYi.Tuioi.rTAMic Ann (Euvivai.es r to 5 mo. ok 
Ptkiioyi.olvtamk' Ana) Wit vs Administered as Xoi.vtion ok Soduwi S.vj.t 


SUBJECT 

KOUTK OK 
ADMINISTRATION’ 

t*E!i CENT OK l)OSE EXCRETED 
( MEASURED AS VGA) 

0-0 HU. 1 ti - lit 1IK. 

EXCRETION' IN ElllST ti HOKES 
( r /e OK ai-IlOVIl EXCRETION) 

4 

Oral 

AT !) 

■SI) 

5 

Oral 

51 il 

sa 

(i 

Oral 

as 5 

91 

7 

Oral 

oa ta 

Si 

■i 

Intravenous 

5S 11 

Si 

4 

Intravenous 

ol 10 

S-l 

o 

Intravenous 

*15 7 

S5 


There was some indication of a lag in excretion as evidenced by the ])roportiou 
of the biologic activity excreted in the G- to 24-hour period being greater with 
pteroyltriglutamic acid than with pteroylglutamic acid. An average of 15 per 
cent of the twenty-four hour excretion was found in the urine collected from the 
sixth to the twenty-fourth hour following dosage with pteroyltriglutamic acid 
as compared with 10 per cent following dosage with pteroylglutamic acid. The 
excretion rate, measured as pteroylglutamic acid, appeared to be the same 
following dosage by either the oral or intravenous route, which could lead to 
the assumption that the breakdown of pteroyltriglutamic acid to pteroylglutamic 
acid in the body could take place with equal rapidity whether or not the triglu- 
tamic compound passed into the body through the gastrointestinal tract. 

Experiments were also made with pteroyldiglutamie acid (pteroyl-a-glu- 
tamyl glutamic acid). 10 This compound has practically no activity in stimulating 
the growth of either L. casei or Str. feacalis R, so that any substantial increase 
of microbiologic activity in the urine could lie attributed to pteroylglutamic 
acid formed by breakdown of pteroyldiglutamie acid in the body. The results 
are in Table IV. The data indicate that the body possesses the ability to liberate 
pteroylglutamic acid from pteroyldiglutamie acid. Even more than in the case 
of pteroyltriglutamic acid, there was a lag in the rate of excretion so that a 
comparatively large but variable proportion of the administered dose, measured 
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Table IV. Kxcukt.ox or Fouc A™ ^sVmcmoM^aoAi.ir Equivalent 


6,5 MG. OF 


^™SL:tam.o Ac..: (»“‘ ( ' A, '.' V E 

TO 5 MG. OF POA) AS SODIUM SAI.l 



Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 

Intravenous 

Intravenous 

Intravenous 


9 

13 

11 


62 

4S 

56 


, • rlnrino- the period between 

as pteroylglutamic acid, was found m * especially marked 

six and twenty-four hours after dosage. The etteet 

following intravenous administration. . , , : oeid 11 

The last compound studied was the diam.de ol eroy , ^ 

This substance does not appreciably stmu “ acid leve l was found in 

faecalis R. No increase in the urinary pteio> „ .. * j () m „ doses to 

twenty-four hour samples following; the ’ ^^fTom ^-aminobenzoylglutamic 

three subjects. The compound was p P < 9 4 54riamin0 - 6 -hydroxypyrimi- 
acid diamide, 2 , 3 -dibromopropionaldehj de, an > 0 4 N NaOH for 

Hydros of the compound.,- '^nt of L emulated 

one hour at 130° C. resulted in the ^^eiation ^ ^ Sfr faec(lUs R> 
fiuantity of pteroylglutamic acid, as measiu 1 

DISCUSSION 

The apparent ability of the body to hydrolyze 
evidenced by the urinary excretion data in the present investigation is in c 
trast to the microbiologic inactivity of this substance bu m y 12 Th 

with its reported effect in producing a remission m maerocytm anem ^ 
inactivity of pteroyldiglutamic acid for L. casei and >. faec 
cate that these organisms do not possess a “conjugase system which is ^effec- 
tive in hydrolyzing the peptide linkage in pteroyldiglutamic acid between the 
terminal glutamic acid and the a-carboxyl group of the glutamic acid radicle of 
the pteroylglutamic acid moiety of the molecule. In contrast, pteioyltnglutan i 
acid, in which the glutamyl radicles are linked through then y cai ox} ©loups, 
is fully active for L. casei which may mean that this organism has a conjugase 
system which hydrolyzes the y linkage between glutamyl gioups. - 11 a erna 
tive explanation would be that L. casei utilizes both pteioj lglutamic aci an 
pteroyltriglutamic acid, but not pteroyldiglutamic acid, as precursors of more 
complex substances. 

The nature of the possible breakdown products of pteroylglutamic acid 
that are excreted in the urine is a matter of speculation. The presence of 
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xanthopterin in normal urine has been repeatedly noted and it is logical to 
infer that this substance may he formed by the breakdown of pteroylglutantic 
acid.* 

The present study indicated that ptoroyltriglutamie acid is rapidly 
absorbed following administration, for pteroylglntnmie acid was excreted in 
the urine at approximately the same rate following either oral or intravenous 
administration of pteroyltriglutamie acid. The data also indicate that, as 
previously noted, 3 pteroyltriglutamie acid is readily hydrolyzed to pteroyl- 
glutamie arid in the body. The site of this breakdown is not known, but prep- 
arations made from various organs have been shown to have ‘'vitamin B c 
conjugase” activity 13 as indicated by liberation of pteroylglutainie acid front 
pteroylheptaglutamic acid. Certain enzyme preparations of this type, prepared 
from chicken pancreas, have been found readily to liberate pteroylglutantic arid 
from pteroyltriglutamie acid. 1 * 

The limited data in Table 1 appeared to indicate that, with a 5 mg. dose 
of pteroylglutantic acid, an oily vehicle appeared to depress the excretion and 
hence possibly the uptake of an oral do.se; also, the rate of excretion following 
the administration of a solution of the sodium salt was somewhat higher than 
when a suspension of the free acid was used. 


CONCLUSIONS 

1. The urinary excretion of folie acid, as measured by assay with Str. 
fa cadis R, was studied with normal subjects receiving various dosages of 
pteroylglutainie acid (PfrA), pteroyltriglutamie acid, and pteroyldiglutamie 
acid. 

2. The proportion of the administered dose of pteroylglutainie acid which 
was excreted was found to increase as the dose was raised. 

3. With pteroylglutainie acid most of the excretion took place within the 
first six hours, a small part of the administered dose was excreted in the next 
eighteen hours, and after twenty-four hours the excretion returned to the basal 
level of between 5 and 10 millimierograms per milliliter. 

4. The microbiologic assay data indicated that pteroyltriglutamie acid was 
readily hydrolyzed to pteroylglutainie acid in the body when administered by 
either the oral or intravenous route. 


5. Similar results were observed following the administration of pterovl- 
diglutamic acid. A slight lag in the excretion rate observed with pteroyltrigln- 
tamic acid was somewhat more marked in the ease of pteroyldiglutamie acid. 

6. No increase in the urinary pteroylglutainie acid level was found follow- 
ing the administration of the diamide of pteroylglutainie acid. 

The collaboration of Mr. J. Van Meter in assisting with the nuYrobiologic assays is 
gratefully acknowledged. 


‘■Rerentlv it has been reported by Denko (paper presented at the One Hundred Twelfth 
Meetine of the American Chemical Society. New York, September, 19 17} that, following oral 
administration of 10 mg., the apparent urinary excretion of pteroylslutamic acid as measured 
with , i, .case! in some cases far exceeded the dose. No sucli observation was made in the 
present study, using Str. Jaecalis R. 
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ANOMALOUS FINDINGS IN PENICILLIN LEVEL 
DETERMINATIONS IN URINE 


Cakolyx R. Falk, B.A., and Helen' Blech, B.A. 

Nkw Vokk, N. Y. 

introduction 

N UMEROUS investigators (including Florey and co-workers, 2 Iiamnielkamp 
and associates, 19-13, 3 ’ ‘ Free and co-workers, 19-14, 5 Mutch and Rewell, 
1945,'’ McDermott and associates, 194(5, 7 and Eagle, 1947 s ) have shown that 
from GO to 100 per cent of the penicillin administered in a single dose may 
be voided during the first four hours after injection. 

However, in the course of determining penicillin levels in a series of urine 
specimens obtained from patients under treatment for syphilis, unexpectedly 
high values were observed in a number of urines collected tip to the fourth 
hour following the administration of penicillin. This report deals with the 
results obtained from a study of these specimens tested for streptococcidal 
action at regular intervals over a three-month period. Since these findings 
were in excess of what could he explained by the dose injected, some of the 
factors influencing the test also will be discussed. 

MATERIALS 

Tiie urines tested were sent to the laboratory for routine penicillin assay.* All speci- 
mens wore refrigerated from time of collection, although a delay of several days until time 
of assay was frequent. The volume of the samples varied from 50 to 100 milliliters. Un- 
fortunately, the exact volume voided at one time was recorded ia only a few instances. 

METHODS 

Assays were made by the Iiamnielkamp method. s The samples were liltered through 
a Seitz filter immediately upon reception at the laboratory, to insure sterility. Before 
assay, appropriate preliminary dilutions of tiie urine were made ia phosphate buffer pH 
6.0, so that an end point would be obtained by the use of not more than lifted! serial 
dilutions. 

The test organism was a Group A hemolytic streptococcus, Strain DS.t This strain 
was regularly sensitive to between 0.0039 and 0.0078 Oxford units of penicillin per milliliter. 

The sample and culture dilutions were made in beef heart broth pH 7.0 to which 
50 mg. per liter of pnra-aminobenzoie acid had been added. The tests and dilution tubes 
were kept in an ice bntli during the execution of the test. 

EXPERIMENTAL RESULTS 

None of the specimens of urine tested before treatment was initiated 
showed streptococcidal action equivalent to more than 0.04 ttnit of penicillin. 

From the Bureau of Laboratories. Department of Health. 

Presented at the Forty-seventh General Meeting of the Society of American Bacteriologists, 
Philadelphia, Pa.. May 13-10, 1047. 

Received for publication, Aug. 7, 1047. 

•By Dr. Alfred Cohn, Venereal Disease Research Division. 
fObtained through the courtesy of Dr. Rammelkamp. 
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Furthermore, 249 specimens collected Irom 5 to 143 hours following drug ad- 
ministration showed both reproducible and reasonable assay values. ILwwi 
these conditions did not prevail in many specimens collected up to the lou 
hour following treatment. Anomalous findings wete ns 0 )seI 
group of specimens in a series of six individuals tcstec m - ny, ■ , 

initial assay seven of twelve specimens showed levels from hvo to one thousand 
times higher than was anticipated. During a period of. ne ^ee s s o 
another seven of twelve specimens showed an increase m Uei iom e 
one hundred fold over the initial test. Only one specimen ai ec o s io\\ 
creased bactericidal action at some time during this period, these results 
were observed when the subjects were given penicillin in sa me, as we 

water and oil emulsion. , , T . . i 

Tables I and II show typical protocols. Patient D. D. ( table I) receiv . 
One injection of 150,000 Oxford units of penicillin in saline solution. Speci- 
mens were collected two, four, eight, twelve, and twenty-foui loins o owm 0 
the administration of the antibiotic. These samples were tested at weekly 
intervals over a period of one hundred days. In instances w eic moie 
one test was made during a given period of time, the iiguies lepiesen an 
average of the results. All figures represent units per milliliter Dach indi- 
vidual specimen contained between 50 and 100 milliliters. T e two oui 
sample showed a recovery of 4,000 units of penicillin per milliliter. Ibis would 
mean that the entire sample contained between 200,000 and 400,000 Ox ore 
units, which was more than the amount administered. Furthermore, during 
the third week of storage, assays showed that the level per milliliter was 
equivalent to the entire dose injected, and the level increased tenfold more 
during the following three weeks. Subsequently it dropped to anticipated 
levels. Specimens collected on the fourth, eighth, twelfth, and twenty-fourth 
hour showed regular and reproducible results. 


Table I. Penicillin Level Determination (Patient D. B.; Diagnosis, Syphilis 
Penicillin Administered, 150,000 O. L. in Saline) 



TIMF, ra- ritTNE COLLECTION AFTER ADMINISTRATION OI PENI( ILLIN (HR.) 

DAYS’ STORAGE 1 

_ (5° C.) 

2 1 
(UNITS RE- 
CO VEP.ED/ML.) 

4 | 

( UNITS RE- 1 
1 COVEP.ED/ML.) 

8 

(UNITS RE- 
1 COVERED/ML.) 

12 ! 
(UNITS P.E- 
COVERED/ML.) 

24 

(UNITS RE- 
COVERED/ML.) 


u 

1 to 7 

4,000 

62 

2.0 

0.80 

8 to 14 




— 

— 

15 to 21 

100,000 

250 

5.0 

0.62 

22 to 40 

1,000,000 

80 

2.5 

0.62 

59 to 78 

1,300 

65 

5.0 

— 

100 

500 

40 

2.5 

0.31 


Patient D. (Table II) received one dose of 1,000,000 Oxford units of peni- 
cillin in saline solution. Again more antibiotic action than Avould be expected 
from the treatment given was found in the two- and four-hour samples. Sim- 
ilar observations were made on tests made during the first five weeks after 
collection. However, these same specimens showed normal levels from the 
sixth through the fourteenth week. Tests on the eight-, twelve-, and twenty- 
four hour specimens again showed regular and reproducible results. 
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Taui.v: IL Penicillin Level Determination (Patient I).; Diagnosis, Syphilis; 
Penicillin Administered, J, 000,01)0 O, U. in Saline) 



TIME OK URINE COLLECTION AFTER ADMINISTRATION OK I'ENICILLIN (HR.) 

day s 1 


i 

s 

12 

21 

STORAGE 

( UNITS RE- 

( UNITS RE- 

(UNITS RE- 

( UNITS RE- 

(UNITS RE- 

(S'C.) 

covered/ml.) 

covered/ml. ) 

COVERED/ML.) 

COVERED/.ML.) 

COVERED/M L.) 

0 

1 to 7 

2,000.000+ 

8,000 

125 

(.0 

1.00 

8 to 11 

__ 



_ _ 


— 

13 to 21 

100,000 

100,000 r 

125 

5.0 

1.25 

22 to 35 

2,000,000* 

25,000 





— 

3(3 to GO 

0,200 

800 

25 

2.5 

0.02 

(51 to 100 

5,000 

75 

-10 

2.5 

— 


In October and November, 194(1, the one-hour urine specimens of another 
six subjects who received a single dose of 1,000,000 Oxford units of penicillin 
in water and oil emulsion were studied. As before, the total volume varied 
between 50 and 100 ml. per sample. Table III shows the results obtained per 
milliliter in four typical instances. The general pattern of the early specimens 
tested in May was repeated. Specimens obtained from these individuals imme- 
diately preceding treatment showed no bactericidal activity. Furthermore, 
the activity of the one-hour specimens was completely destroyed by the use 
of the penicillinase broth. 


Table III. Units or Penicillin Recovered in Uiune Collected From Syphilitic Subjects 
One Hock After the Administration ok 1,000,000 O. U. in Water and Oil Emulsion* 


STORAGE 

(DAYS) 

PATIENT 

1 

(UNITS/ML.) 

2 

(VXITS/ML.) 

3 

(UNITS/ML.') 

HjBM 

-1 to 7 

25,000 

0,200 

340,000 

SO, 000 

8 to 14 

2,500,000 

020,000 





15 to 21 









22 to 35 

12,500 

12,500 

800 

1,000 

30 to 100 

8,000 

2,000 

000 

700 


•Squibb penicillin 12003-1 ; expiration date, April 1, 1047. 


The possibility that certain specimens might contain a substance capable 
of producing a synergistic effect in the presence of penicillin was then investi- 
gated. Accordingly, 10,000 Oxford units of a commercial penicillin per milli- 
liter were added to a 10 c.c. portion of pretreatment urine. This sample was 
then tested at the same time as a specimen collected from this same subject 
one hour after treatment was started. 

Results of these comparative tests are shown in Table IV. The one-hour 
specimens again showed potentiated bactericidal activity, while the pretreat- 
ment urine to which 10,000 Oxford units of penicillin per milliliter were added 
showed regular and reproducible results which were similar to the result ob- 
tained when an equivalent amount of penicillin was diluted with phosphate 
buffer at pH 6.0. Again the untreated pretreatment urine showed no bac- 
tericidal activity, and the addition of penicillinase to either the one-hour urine 
sample or the penicillin in buffer solution destroyed the activity of the test 

sample. 
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Tvbie IV Units ok Penicillin Kkcovered From Pketuhat.mk.nt Urine to Which Peni- 
cillin was Ai.dki. After Excretion Com i* abed With Lkvelh i iouNB ' in Ukink 
oh the Same Patient Collected One IIouk After Administration 

of 1,000,000 O. U. in Water and Oil Emulsion 


Test Fluid 

Urine collected one hour 
following the adminis- 
tration of 1,000,000 
O. U. in water and 
oil emulsion 

Presentment urine + 
10,000 O. U./ml. 

Controls 

Buffer pH G.0+ 10,000 
O. U. penicillin/ml. 

Untreated pretreatment 
urine 

One-hour urine + peni- 
cillinase 

Penicillin in buffer pH 
0.0 + penicillinase 

•Squibb penicillin 12005-1 


| TIME OF STORAGE AT 5° C. 

0 

days 

(UNITS 

ItECOV- 

hukd/ml.) 

1 TO 7 
DAYS 
(UNITS 
RECOV- 
EKED/ML.) 

8 TO 14 
DAYS 
(UNITS 
1IECOV- 
ered/ml.) 


22 TO 35 

DAYS 

(UNITS 

ItECOV- 

EKED/ML.) 

— 

25,000 

2,500,000 

12,500 

8,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


expiration date, April 1. 1017. 


It may be considered that these results were caused by a technical eiroi 
in the method of dilution of the test samples. Experiments were therefore set 
up using different initial dilutions, different dilution volumes, and different 
diluents. No significant variations were observed. 

To ascertain whether the high levels were caused by experimental acci- 
dents, twenty-four different one-hour specimens'' were divided each in three 
aliquot parts and tested at regular intervals for a period of six weeks. Again, 
there was never more than a twofold variation between the different portions 
of any one specimen. 

It was thought that the delay of twenty-four or more hours between the 
time of collection of the specimens and the time of assay might be a contribut- 
ing factor in producing the phenomenon of enhanced bactericidal activity. To 
investigate this possibility, the previously mentioned twenty-four specimens 
collected one hour after the administration of 1,000,000 O.U. of penicillin in 
Pendil-beeswax were filtered and tested within one hour after excretion. All 
tests were carried out in triplicate over a six-week period. During this period 
there were no significant changes in titer in any of the twenty-four samples. 


COMMENTS AND CONCLUSIONS 


In a study of sixty-seven early specimens of urine anomalous findings have 
been observed in thirty instances. These results did not appear to be caused 
by the usual technical errors in experimental accidents. Furthermore, the 


“Twenty-one specimens from patients receiving 1,1 
InJ innn5}«^ ate - Aupr - 1- 1818) diluted in Pendil-beeswax: 
rendVbeeswax°' U ‘ Parke Davis Penicillin #0231 4 A (exi 


000,000 O.U. Hcyden penicillin #1270 
: three specimens from patients receiv- 
02314A (expiration date, July, 1948) diluted in 
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phenomenon of increased bactericidal action was not observed in any of the 
249 specimens collected more than four hours after treatment. 

No explanation for this phenomenon has been found. It is reported, at 
this time, to call attention to irregularities that may be encountered in attempt- 
ing to make a quantitative estimate of the penicillin content of early urines. 

We wish to thank Dr. Alfred Cohn and Dr. Isaak (irunstein, of the Venereal Disease 
Research Clinic, for their cooperation in obtaining early specimens of urine, and Mrs. 
Shirley Tove and Miss Mildred Sehleimer for technical assistance. 
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THE ANTIBACTERIAL ACTIVITY OF SOME SULFON- AND 
SUL FAN I LAN 1 LI D E DERIVATIVES 

CL R. Uoi'A'cinus, M.S., and C. A. La whence, Pii.D. 

Rensselaer, N. Y. 

A N EARLIER communication 1 from these laboratories presented the general 
antibacterial activity of a series of ben/.enesulfonic acid derivatives. The 
most effective compound there referred to was found to be 3',5'-dibromosulfanil- 
amlide or the corresponding diehloro derivative. The removal of the amino 
group resulted in only a slight loss in activity. Several monohalogenated and 
dihalogenated compounds were tested in which the bromine or chlorine atoms 
were placed in various positions on the anilide portion of the molecule. Anti- 
bacterial activity was practically lost when a halogen was placed in the 2-posi- 
tion. While all these compounds displayed definite antibacterial action, none 
appioaehed that of 3',5'-dibromosulfanilanilide. The latter compound was also 
tested for antibacterial properties against pathogens, most of which cause infec- 
tions which do not readily respond to present chemotherapeutic agents. 2 

In order to obtain a better correlation between chemical structure and 
degree of antibacterial action, it seemed worth while to prepare additional 
benzenesulfonic acid derivatives. Accordingly, the following compounds'* were 
tested by the present authors. 


COMPOUND 

NAMK 

MOL. WEIGHT 

1 

2', 6' dichloiosulfanilamlide 

302.2 

2 

3',5'-dibi onto 4'-hydroxybenzenesulf onamlide 

407.0 

3 

3',5'-dibromo 4' -hydroxysulfamlanilide 

422.1 

4 

3' biomo 5' cliloio-4' hydroxysulfamlanilide 

377.6 

5 

3' bromo 5' clilorosulfanilauilide 

361.6 

(5 

3', 5' dnodo 4' hydroxysulfamlanilide 

516.0 

7 

3',5'-duodosulfanilamlide 

500.0 

8 

3',5'-bis- (tnfluoromethyl ) sulfamlamlide 

384.3 

9 

3' ti lfluoromethylsulf anilamlide 

316.3 

10 

3', 3' dibromo o anunobenzenesulfonamlide 

406.1 

11 

3', 5' dibromo m aminobenzenesulfonanilule 

406.1 

12 

N^succmyl 3', 5' dibromosulfanilamlule 

506.2 

13 

3', 5' dibromosulfamlamlide 

406.1 


METHODS 


ilio method for testing the antibactei ini action of the compounds was essentially the 
few' 0 18 ou ^ lnei t 111 the previous report. 1 This consisted of dissolving the drugs m a 
' c.e. of alcohol preparatory to making an initial dilution in nutrient broth. Serial 
J u ions were prepared m broth from 1:1,000 up to and including 1 :1, 024, 000. After auto- 
for' m k r ’ broth nuxtuies weie inoculated with a test organism and incubated at 37° C. 

the 'i C ' en !? t "° hourb - Tubes containing no growth or growth less than one half that of 
contrl)l aftei incubation foi twentj four hours (forty eight hours m test with 
— - ,nom , J cc -' t hoi is) were considered to contain a bacteriostatic concentration of drug. All 
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tubes in which growth failed to appeal after inetihafiou for seventy-two hours were Mil)- 
cultured into fresh drug-free broth, and the subculture tubes incubated for an additional 
seventy-two hours. Failure of growth to develop in the hitter was taken as evidence of a 
bactericidal action in the tubes from which they were subculturcd. Bacteriostatic and bac- 
tericidal action against the gonococcus was determined by subculturing on dextrose-starch 
agar.* In the study, ,'i',5'-dibromosulfauilanilide (Compound 1(1) was included for purpose 
of comparison. The results of this investigation are presented in Table T. 

KLSULTS 

The only compound which appears fo approach or to exceed the activity of 
3',5'-dibromosulfanilanilide (compound 13) is a derivative containing a large 
number of fluorine radicals (compound S). The iodo analogue (compound 7) of 
compound 13 and the 5-bromo-3-chloro derivative (compound 5) appear to exert 
an activity comparable to that of the parent compound. The introduction of the 
hydroxyl group on the 4-position of the anilide invariably results in a decrease 
of activity (compare compound 3 with 13, 4 with 5, and 6 with 7). The succinyl 
derivative (compound 12) also displays a marked decrease in antibacterial 
action. 

The ortho- and metaisomers (compounds 10 and 11) present an action equal 
to that of 3',5'-dibromosulfanilanilide when all the test organisms are collectively 
taken into consideration. This would tend to indicate that a free amino group 
in the para-position, is not essential for maximum activity, and may thus explain 
why the action of 3',5'-dibromosulfaniIanilide against Streptococcus pyogenes 
is unaffected by the presence of p-aminobenzoie acid. 

SUMMARY 

Several new derivatives of 3',5'-dibromosulfanilanilide have been prepared 
and tested for antibacterial action in vitro against type I pneumococcus, Strepto- 
coccus pyogenes (C203), Streptococcus fuecalis, Streptococcus viridans, 


Dlfco Laboratories, Inc.. Detroit, Mich. 













SUM ON- 'NO 


sulpvml'Niliui: di uiv.vmi-s 


1363 


lmji Exhibiting Vnt.hvcthiivi Action 


BP.ICE! U 
\B0P.TLS 

lit MOi»!IIt.t!S 

m cut \ i 

I’VSTH 1U 1.1* V 

1'4 SI IS 

BS ! 

tic | 

lls | 

BC | 

II s * I 

BC 

32 

<1 

- 

- 

- 

- 

3 

0 

16 

i 

.12 

2 

12 

1 

16 

i 

32 


S 

1 

16 

<i 

61 


1<> 

s 

16 

8 

12S 

16 

1 

<i 

16 

1 

16 


61 

<i 

64 

16 

128 

<1 

12S 

<i 

32 

<1 

.32 

<1 

12 

4 

16 

•> 

32 

1 

128 

<1 

<1 

<1 

2 

<1 

64 

<1 

S 

<1 

61 

1 

8 

1 

o 

<1 

8 

1 

61 

16 

512 

32 

64 

2 


MHKIO 
UIOI.HI'K 
IIS I lie 


ci osmium w 
UHGIUI 
ns I i>c 

~<i <T 


ACTINOMVC4S 

UOVIfa 

US I BC 


Staphylococcus aureus, Neisseiut (jonorrhoeae, Clostridium we cm, ruce 
abortus, Hemophilus ducreyi, Hasteurellu pcstis, Vibno cioerae, an 
Actinomyces bovis (anaerobic). 

The 3',5'bis- ( trifluoromethyl ) derivative was tound to lie somewhat superior 
to 3',5'-dibromosulfanilanilide, while the 3',5'-diiodo and the 3 -bromo-o -chloro 
derivatives weie about equal to 3',5'-dibromosulfamlamlide in antibacterial 
action. 

The ortho- and metaisomeis in which the NH, gioup is not m the Para- 
position display an activity equal to 3',5'-dibiomosultanilam hde, while the 
hydroxysulfanilanilide and .suceinyl derivatives which were tested were tound o 
he less active than the latter compound 

Since this paper was prepared, Schmidt and Sealer' demonstrated that 3' 5' dibromo 
sulfamlamlide and a series of derivatives therefrom held little promise as effective chemo 
therapeutic agents in bacterial infections MeChesnej* more recently described the toxicitj, 
absorption, and metabolism of V,V dibromosulfanilamlide which account for its relative 
ineffectiveness in infection protection tests in experimental animals 
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THE EFFECT OF 2,3-DIM E RCA PTO LMiOPANOL (BAL) ON THE 

TOXICITY OF GOLD 


St.vni.kv Levey, Pii.I)., and Cii.viu.ky J. Smyth, M.D. 

Ei.oisk, Mich. 

B AL (2,3-dimcrcaptopropanol) was first introduced as an agent capable of 
combating the arsenic toxicity which results from Lewisite burns. 1 In 
addition to reducing the toxicity of compounds of arsenic," this sulfhydryl com- 
pound has been shown to diminish the toxicity of antimony, 3 mercury, 3 chrom- 
ium, 3 bismuth, 3 and nickel. 4 

Cold compounds have found rather widespread clinical use in the treat- 
ment of rheumatoid arthritis. However, due to the toxicity of this heavy metal, 
extreme caution is required in its therapeutic use. The purpose of this study 
was to determine in experimental animals whether some of the gold compounds 
commonly used as therapeutic agents could he rendered less toxic by the use 
of BAL. 

While this work was in progress there appeared a series of papers cover- 
ing the effect of BAL on the toxic symptoms produced by gold in human sub- 
jects. 3 ' 7 Ragan and Boots 3 mentioned that BAL reduces the toxicity of gold in 
rats, but few data were presented. 


METHODS 

For acute toxicity studies, groups of adult hooded rats, varying in weight 
from 190 to 326 grams, were given one of the gold compounds studied. AH 
administrations were made intramuscularly and the survival time was recorded. 
The dose of the gold compound administered was that which was determined by 
preliminary trial to cause death within a few days. One control group of 
animals received only the gold compound. A second (test) group received the 
same dose of the same gold compound in one thigh and BAL in the muscle 
of the opposite leg. Additional groups of rats received the same dose of gold, 
but the BAL was administered in multiple doses. Any change in the survival 
time was considered to be due to the modification of the toxicity of the gold com- 
pound tested. 

In the studies of the effect of gold and BAL on the rate of growth of 
young rats, all the animals except those which received neither gold nor BAL 
were litter mates. In this portion of the experiment the animals received a 
single sublethal dose of gold and also a single dose of BAL. Weights usually 
were recorded every second day during the early portion of this work; later a 
longer time interval was used. Growth was recorded for a period of twenty- 
three days. At the end of this period the animals were sacrificed and portions 
of the liver and kidney were fixed in formalin for microscopic examination. 

From the Departments of Physiological Chemistry and Medicine. Wayne University 
College of Medicine. Detroit, and the Wayne County General Hospital, Eloise. Mich. 
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The toxieitios of the following gold-containing compounds were studied: 
gold sodium thiosulfate, gold sodium thiomulato (Myoehrysine*), sodium succimi- 
doaurate.f and gold thioglueose4 The last substance was supplied both as a 
pure solid and as a suspension in an oily medium. A commercial 10 per cent 
solution of BAL in oil and benzyl benzoate was used. 

It was found that if an aqueous solution of BAL was added to an aqueous unbuffeied 
solution of either gold sodium thiosulfate or gold sodium thiomaliite a heavy yellow piccipitatc 
formed immediately, til the ease of sodium sueeimidoauiate and gold thioglucoso no precipi- 
tate formed on mixing solutions of these compounds with aqueous BAL. The BAL-gold com- 
pound proved to be insoluble in water, dilute I1C1 or NaOII, alcohol, and ether. The BAL- 
gohl compound foimed with either gold sodium thiomaliite or gold sodium thiosulfate was 
"ashed successively with watei, alcohol, and ethei, and diicd in a vacuum dessicatoi over 
sulfuric acid. The content of gold in each sample was deteimineil by ashing accouling to 

the method of Pregl s and by weighing the gold residue. In addition, a sample of the BAL 

gold compound containing two atoms of gold pel molecule of BAL was piepaied accoiding 
to the procedure of Weiss# by adding one mol of gold bioniiile to 0.S mol of BAL. The 
aualjses of the compounds aie given below: 

BAL-gold compound fiom gold sodium thiosulfate 72.0 per cent Au 

BAL-gold compound from gold sodium thiomaliite 73.7 per cent Au 

BAL-gold compound fiom gold bromide 73.(5 pei cent Au 

Theoretical C a II 0 O 3 SAiij 7(5.4 pei cent Au 

These analyses indicate that the compounds formed me about 95 to 9(5.5 pei cent pule. 
Ihe probable stiuctme foi the BAL-gold compounds is: 

Clio — -S— Au 

i 

CH— S— Au 

GIL — OH 


RESULTS 

bold sodium thiosulfate was found to be a toxic compound. Six groups 
o animals were studied. The results of this experiment are summarized in 
a el. R a t s given this compound in doses equivalent to 75 mg', of gold per 
U °“ lam usually died within six hours. The administration of 12.5 mg', of BAL 
o'n ^ ore ^ le g°ld sodium thiosulfate appeared to reduce the toxicity of the 
oQ compound by about one-third. The survival time of the rats was the same 
aft 6 161 a S ' n ^ C c ^ ose BAL was given either one minute before or one hour 

'ind 1 ^ 1G ^ B vo doses of BAL were given, one a minute after the gold 

*" U ^ le sec ond five hours later, there was a prolongation of the survival time 
with a single dose of BAL. Four of the ten animals in this series 
R uved the test period of fourteen days and then were sacrificed. If three 
thcT'fr 'f were administered at 1-minute, 3-hour, and 6-hour intervals after 
0 j, c ’ the effects were in general similar to those obtained with two doses 
. , ' However, only two of the animals in this group survived the period of 

}• The animals which survived only about six hours probably died of 
— ^Puatovy and vasomotor paralysis. 10 The animals which lived three to six 

tTlu 3 Ck c & Co • Inc . Railway. N. J. 

tBoth ^'I'a 01111 ^ waa supplied tluough the courtesy of Inventions, Inc., Chicago, 111. 

9 tl'e ScherinifirxS 1 .^ 2 Oleosum (gold thioglucose) and the pure gold thioglucose were supplied 
'-‘■ng Coi poration, Bloomfield, N J. 
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•s. The animal survived for the experimental period of fourteen days. 


days showed large soft, grayish spotted kidneys on death. .Microscopic examina- 
tion of the kidney showed extreme damage to the tubules of this organ. Renal 
insufficiency was believed to be the cause of death. 

In the study of acute toxicity, gold sodium thiomalate was administered to 
six groups of animals. The results of these experiments also are summarized 
in Table I. The amount of gold used in the first group of animals in this series 
was equivalent to that used in the gold sodium thiosulfate study (75 mg. per 
kilogram). Survival time for the animals treated with gold sodium thiomalate 
was considerably longer than that observed with gold sodium thiosulfate. The 
administration of BAL immediately after giving gold sodium thiomalate did 
not appear to have any effect on the survival time of the animals. In the re- 
mainder of this study, the dose of gold sodium thiomalate was increased to the 
equivalent of 100 mg. of gold per kilogram in order to decrease the survival time 
of the animals. Thus, any detoxifying effect of BAL could be move easily 
detected. The administration of 12.5 mg. of BAL to animals five minutes after 
the dose of gold appeared to have no effect on the survival time. If two doses 
of BAL were given, one three hours and the other twenty-four hours following 
the gold, there was no prolongation of the survival time as compared with the 
control animals of this series. If three doses of BAL were given, one imme- 
diately after the gold, the second four hours later, and the last seven hours 
after the gold, there was a slight decrease in the length of their survival. This 
effect may have been due to the sum of the toxicities of BAL and gold. 
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KKFKOT or 2.3-niMK.M‘AlT»».'K01*.VN0I. ( DAI.) ON TOXICITY OK «OU> 

The toxicity of sodium xiicoimidoaurato can be .s^^^rlnowhig 

administration of BAL after the |»>U 1 eo.npound. lal e s * w " s ’ 

administration of the BAB. there were no deaths due to • thio . 

An attempt was made to produce deal It 111 "^uh-ed^to 0 produce 

•>1110086 which was supplied m an oil med ., Four 0 f the rats 

death consistently was too high to have va ue m ns- • ' . , 9 qq 0 f 

- »•••* - * ->■ ***? ‘'T'lw't 

gold (approximately 800 mg per kilogian ) ^ iniectioIl . At autopsy, 

two died, one on the third and one on the h < . ■ 1 .. :i the site 

the animal that lived only tlm- day.s had a law mass ol )*• ““ 

hy survival of all seven animals tested. 



t Fig. 1. — The effect of a single dose of gold sodium t o h ' 0 5 1 /' at 3 e 1 0 " g th * e f antoa^ ThesI 
ruts. The dose of gold was 50 mg. per kl (°sru m and t experiment “ The numbers along 

compounds were given intramuscularly, at the start of tn P final weight 

the left border are the initial weight in grams and those on the right are tne nnai wc b 

twenty-three days later. 


The effect of BAL on the rate of growth of rats given a nonlethal dose 
of gold (50 mg. per kilogram) was considered a more sensitive test than the 
survival time. The young rats which received the single dose of gold sodium 
tliiomalate had rather shallow growth curves, while those which received the 
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same close of gold plus BAL (3.1 mg. ) had growth curves of approximately 
the same slope as those which received no treatment or only BAL (Fig. 1). 
Microscopic examination of the livers and kidneys of these animals was made. 
The kidneys of those animals which received only the gold showed “marked 
cloudy swelling of (he proximal convoluted tubules with karyolytic and kary- 
orrhectic nuclear changes and plugging of the tubules with necrotic debris some 
of which contains calcium. There are evidences of regenerative epithelial hyper- 
plasia of the cells of these tubules. There is marked cloudy swelling and nuclear 
degeneration of scattered liver cells.”® Those which received the gold followed 
by the BAL showed ‘’moderate cloudy swelling of the cells of the proximal 
convoluted tubules. A few basophilic hyaline easts are seen.’'® BAL alone 
produced a similar picture. 

ni.sors.sioN 

In this study of the effect of BAL on the toxicity of various gold compounds, 
it is of interest that the gold compounds were of different chemical classes. The 
gold sodium thiosulfate contained monovalent gold bound in an inorganic link- 
age. Bold sodium thioglucose and gold sodium thiomalate contained mono- 
valent gold hound to an organic radical. The attachment of the gold to the 
carbon chain was through a sulfur linkage. Sodium succimidoaurate contained 
trivalent gold bound in a sulfur-free organic compound. 

The data presented in Table I show that, under the conditions described, 
BAL reduces the toxicity of gold with all compounds tested except gold sodium 
thiomalate. It should be noted that the doses of gold used in the acute toxicity 
studies were relatively high. If smaller doses of gold sodium thiomalate were 
given and growth (as measured by an increase in weight) was used as a criterion 
of toxicity, BAL effectively detoxified gold sodium thiomalate. 

When BAL was given with large doses of gold sodium thiosulfate the ani- 
mals usually survived the factors which produced rapid death, but some of 
them later succumbed to the nephrotoxic effect of the heavy metal. This action 
also has been noted where the effect of BAL on cadmium poisoning was studied.* 
The explanation given was that the BAL-metal compound is reabsorbed by the 
kidney tubule and produces toxie action there. 


SUMMARY 

The effect of BAL on the survival time of rats given subcutaneous injections 
of lethal doses of gold, as gold sodium thiosulfate, gold sodium thiomalate, gold 
thioglucose, or sodium succimidoaurate was studied. BAL caused an increase 
in survival time with all compounds studied except gold sodium thiomalate. 
With sublethal doses of gold sodium thiomalate, BAL has a definite effect in 
reducing toxicity of this heavy metal when growth was used as a criterion. 
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VII T. N- ( «-P yridyl) -N- (a-TniEN yl) -N',N-Dimeth ylethylknediamine, a New 
Antihistaminic Compound. Experimental and Clinical. Experiences 

Samuel 31. Feinuerg, and Theodore B. Bernstein, 3I.D. 

Chicago, III. 

A NEW antihistaminic drug of the ethylenediamine series, N-(a-pyridyl)- 
N-(a-thicnyl)-N',N-dimetliylcthylencdiainine hydrochloride, made avail- 
able to us about a year ago,° lias been found to possess potent clinical and 
pharmacologic activities. This substance differs from pyribenzamine in the 
substitution of a thienyl for the benzyl ring and has the following structural 
formula 1 : 
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EXPERIMENTAL FINDINGS 

This substance is similar to most of the other antihistaminic drugs in its 
local anesthetic action. It was found to be a potent antihistaminic substance. 
Death in guinea pigs from an intravenous 3I.L.D. 100 dose of histamine! (0.4 
mg. histamine base per kilogram) could be prevented in 100 per cent of the 
animals by the intraperitoueal injection thirty minutes previously of 0.1 mg. 
of the drug per kilogram. A dose of 0.05 mg. per kilogram protected 50 per 
cent of the animals. Both and associates 2 found that 5 mg. of the drug per 
kilogram intraperitoneally was effective in protecting guinea pigs against GO 
M.L.D. 100 of histamine, while Ercoli and associates 3 obtained protection 
against 150 to 200 lethal doses of histamine by using 10 to 15 mg. of the drug 
per kilogram. 

Roth and associates report that 0.002 y per cubic centimeter produces 75 
per cent or greater inhibition of the contraction of the guinea pig ileum from 
0.005 y per cubic centimeter of histamine base. The activity of this drug in 
the inhibition of the ileal contraction, as compared with other drugs, is esti- 

Prom the Department of Internal Medicine, Division of Allergy, Northwestern University 
Medical School. 

This study was made possible by grants from Eli Lilly & Co.. Indianapolis. Ind., Abbott 
Laboratories. North Chicago, III., and the National Health Institute of the United States 
Public Health Service. 

Received for publication, Aug. 27, 1917. 

♦The drug was submitted to us by the research departments of Eli Lilly & Co., Indian- 
apolis Ind. (Histadyl), and of Abbott Laboratories, North Chicago, 111. (Thenylene). without 
either Him being cognizant until several months later that both had synthesized the same 
compound. , w „ __ 

fHistamine diphosphate supplied through the courtesy of Burroughs Wellcome & Co., 
Inc., New York, N. Y. 
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1 1 1ST A MINK ANT.UiON ISTS 

mated bv Lee and associates' as follows: benadiyl, 1, PI libenz.uni e, > 
and the* thienyl compound, 3.9. Such active inhibition also was iou d y 

Ercoli and associates 3 and by us. . T 

Protection against death from aerosolized histamine was stuc ic y ® 
and associates, who found the drug six times more potent t lan^ ena ^ 
less than half as potent as pyribenzamine. breoli and assoeia es a so ie 
effective protection against histamine aerosol. 

Our work along this line was somewhat different, because of oui spec i 
interest in the possible therapeutic value of aerosols of anti nstamme c i 0 s 
in asthma, we wished to study the effect of such drug aeioso s as pio ec 
against bronchospasm from aerosolized histamine. In oidei to appioxnna e 
conditions more closely resembling those in human asthma we se ec ec un 
questioned labored breathing, rather than death, as the end point m t e gvunea 
pig. The animals were exposed for five minutes to a standai aeioso o ie 
drug in one chamber, and after a period of fifteen minutes they weie expose 
to the standard histamine aerosol. The time elapsing befoie t ie onse o 
dyspnea was noted. By varying the concentrations of the drug aerosol on 
different days in the same series of animals a fair estimate of t e protective 
ability of the drug could be made. Many experiments with many variations 
were performed and comparative studies of all available diugs weie ma e. 
The complete details will be reported at another time. Here we wish to note 
briefly that moderate concentrations of the drug aerosol (V 2 to 2 per cent), 
for five minutes at 5 pounds pressure with a particular atomizer were effective 
in giving appreciable protection against histamine aerosol ( J /> m S- base pei 
cubic centimeter at 5 pounds pressure). This protection was not quite as 
good as that obtained with pyribenzamine, but better than that obtained with 
benadryl. 

The intraperitoneal injection of 1 mg. per kilogram of this drug in guinea 
pigs was effective in protecting ten of ten animals against anaphylactic death, 
while a large control series showed a mortality of 61 per cent. 


CLINICAL FINDINGS 

The thienyl compound has been found by us to be an effective remedy in 
the symptomatic relief of allergic manifestations. In 112 patients with sea- 
sonal hay fever (including that due to the pollen of trees, grasses, and weeds, 
and to the spores of molds) seventy-nine, or 70 per cent, were benefited. Of 
ninety-five patients with nonseasonal vasomotor rhinitis, forty-four, or 46 per 
cent, received some measure of relief. The dyspnea of asthma was not appre- 
ciably altered in thirty patients, although the preasthmatic, spasmodic cough 
was decidedly helped in six of nine patients. The subjective symptoms of 
urticaria were helped in seven of twelve patients. In thirteen patients ivith 
atopic dermatitis eight obtained considerable relief from the itching. Seven 
of nine patients with dermographism and one with pruritus of unknown origin 
were benefited. Pruritus ani was substantially relieved in two of three pa- 
tients. The experimental wheal produced by histamine or by a specific antigen 
on the human skin was diminished by the local application of the drug. 
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As with other previously described antiallergic drugs with antihistaminic 
action/”® the relief was only ]>alliative, lasting two to six liouis, was not com- 
plete, since all manifestations of the allergic ailment were not abolished, and 
was not obtained in all allergic patients. From our experience thus fur, we 
gain the impression that this drug is an effective agent in the alleviation of 
allergic manifestations, particularly allergic rhinitis and itching dermatoses. 
Although the incidence, and perhaps the degree, of relief is not quite as high 
as that obtained with pyribenzamine, the thienyl compound has the common 
attribute of other antihistaminic compounds in its selective superiority for 
particular individuals. In other words, in some patients this drug is more 
effective than other drugs with a higher therapeutic index. 

The average dose of the drug is 50 mg. orally, one to four times daily, 
depending on the nature of the manifestations. In a few patients we em- 
ployed 100 mg. doses, but these were frequently not well tolerated. In 253 
patients, most of whom received 50 mg. doses, undesirable side actions were 
noted in sixty-three, or 25 per cent. Sedation was the most common finding, 
occurring in forty-eight, or 1!) per cent, of the patients. The degree of sedation 
was not as great as that produced by benadryl, but approximated or perhaps 
exceeded that experienced with pyribenzamine. Our limited use of 100 mg. 
doses gives us the impression that marked sedation is probably more common 
than with similar doses of pyribenzamine. Here again, as with therapeutic 
individuality, we found individuality in sedative effects. We encountered pa- 
tients who experienced sedation from pyribenzamine and no sedation from the 
thienyl compound. Other but less frequent side actions noted were vertigo, 
nervousness, dryness of the mouth and llnoat, excitation, insomnia, headache, 
nausea, and diarrhea. 

SUMMARY* 

1. A new antihistaminic compound, N- ( a-pyridyl ) -N- (a-thienyl ) -N'.N'-di- 
methylethylenediamine hydrochloride, is a potent agent in the prevention of 
death from histamine injection or aerosol in the guinea pig, in the inhibition 
of the histamine contraction of the guinea pig ileum, and in the prevention of 
anaphylactic shock. 

2. Aerosols of this drug are capable of preventing bronchospasm and dysp- 
nea in guinea pigs from aerosolized histamine. 

3. This drug has a high incidence of effectiveness in the symptomatic re- 
lief of some allergic conditions, particularly allergic rhinitis (seasonal and 
nonseasonal), urticaria, and atopic dermatitis. 

4. Side reactions are fairly common and consist mainly of sedation. In 
degree and incidence sedation is less than that obtained with benadryl and 
equals or exceeds that of pyribenzamine. 

5. The general experimental and clinical efficacj' of this drug approaches 
but does not equal that of pyribenzamine. However, its availability is an ad- 
vantage because in selected persons it is more effective or less disturbing than 
pyribenzamine. 
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6. Neither this nor any other nntihistaminic drug has any but palliative 
function and does not replace the more basic and more lasting benefit obtained 
from allergic management by avoidance or desensitization. 

REFERENCES 

1. Weston, A. W.: X, N-Dimethyl-N'-(a-Pyridyl)-N'-(a-Thicnyl)-Ethylenediamine, an Anti- 
histaminie Agent, .1. Ain. Cliein. Soc. 69: 980, 1917. 

-■ Roth, L. W., Richards, It. IC., and Sheppcrd, I. AL: Some Pharmacologic Properties of 
- a *^ e "’ -tnti-llistamine Compound, Federation Proc. 6: HOG, 1947. 

3. Ercoli, X., Schachter, It. J., Leonard, F., and Salmssen, V. V.: A New Antiliistaminic, 

N, N-Dimethyl-N'-(U Pyridyl)-N-(2 Tlncnylmcthyl)-Ethylenediaminc Hydrochloride 
— 1V53, Arch, nioehem. 13: 4S7, 19 17. 

4. Lee, H. M., Dinwiddie, W. G., and Chen, K. K. : The Antihistamine Action of N-(2- 

Pyridyl)-N-(2 Thenyl)-N', N'-Dimethylethylenediamine Hydrochloride, J. Pharma- 
. col. & Exper. Therap. 90: 83, 1917. 

o. reinberg, S. M.: Report to the Council on Pharmacy and Chemistry. Histamine and 
Antiliistaminic Agents, Their Experimental and Therapeutic Status, J. A. M, A. 
. 132: 702, 1940. 

’ * ein oerg, S. 3L: Allergy in Practice, ed. 2, Chicago, 1946, The Year Book Publishers, 
Inc., Page 801. 



KFFJiOT 0P J sp4ramTv N n;T rY, ' CII0L1 - VK AND 1 w assiu,i 

ofcNSI 1IVI1 \ OF STK1ATI3D MUSCLE 

Claka Torda, Ph.D., M.D., and Harold G. AYoli-t, M.D 
Ni;w York, N. Y. 

may bo einS. ” m,,,,il ' v ,ll <' !"•'»««»” »C "made d,ort«i„ ; 

on tl!,'! I!;:,.;::::;;::- of ""'i '"'- 1 amccnlratioJK of difiVreal alkaloids 

>V 0 « intliS ° b) - and 

KXI’KRI JIllNTAf, 

of .Utotoiia „„ .low*, s, o/ S7nV , M 1Wc _ 

""Oslo chanibar containing lo'oTtko'r'rol!' 1 - "L ' ' 11,1,1 ""-p''"' 1 "' 1 

induced throughout the experimental proeed m. lt S, . lor,onil '- t)f tlic ”»,<c!o 

ing acetylcholine bromiuo (oO u» per ion ■ . \ /' ,,nmcrs * 0tt 1,1 I?u, - l - >r '• s solution contain- 
in acetylcholine the mu«clo , i , , ° r tuo IlllnutCs - Between two immersions 

procedure was repeated until Z o *'**»***'> solution for ten minutes. This 
gave similar responses. The shortening ttfT ° ' mmcrs,0 “V l 0,0 solution of acetylcholine 
kymograph. After this stabilDuf f mi '°° " as registered by an isotonic Icier on a 
solution, instead of uushin- ,et " ceu u '° shortenings induced by the acetvlcholiue 

•“hod for die mi^taU imnmSZZ 1 ’" ** *>“ 

one of the alkaloids to bo investigated c l , n ° mmut0 .\ m Rln tfor's solution containing 
concentrations wero used The „tt' e’ n ° '! 10 " : ’ c °ntainiiig the alkaloids in increasing 
Control: Muscles iiere bn, r-?r T f0T ™ '• 

duced with the acetylcholine solution " l - Iunger,ii i0, >ition and shortening was in- 

lasting u. 

period of time was longer than tl, , , “ ! ‘ gmlu<, ° for at least three hours. This 

Calculation: Z amount oJ ... , ° U 01 V'* 0 Scribed, 

solutions to bo tested was expressed ' ™ t WU!>1 ' Ic :lfter immersion in the various 

samo muscle induced bv acetylcholine i„,r„ I>0r ^ CU U °°. ° f t,lc a,n °unt of shortening of the 
results deviating from 100 pe cent b “ I “ , " CWMm “ elution of alkaloids. All 
“» •< standard o « “ “» «,»■• — «< ..a. 

ZZZTLZ? nlka “ s ,,so< ' *«-* «*«"■““ -- 

Effect of Alkaloids on Potassium Sensitivity of Striated Muscle- In the 
following experiments the effect of the alkaloids on the shortening of muscle 

clu at, y, Coinell Unlve?s?ty A^ncaVcoHeBe. he r>u| ’- ,,tmer >t.s of Medicine (Neurology) a „d Psy- 

Tliis study was aided by a giant fiom the Join, and Marv R ar.rkl* 

Received for publication, July 19, 1917. * ' * irIv c Foundation. 
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SENSITIVITY ()!■' STKIATKl) MUSCI.K 

induced by potassium was investigated to ascertain whether ^ alkatoi^ 
modify the sensitivity of muscle to chemical stimuli other than acetyltho . 

Method: Shortening of muscle was induced by a 20 mM IvCl solution in ^ lc ‘^ 
acetylcholine, and the effect of the substances on the potnss.um sensitivity of the muscle 

was observed as described previously. 

Results: The results are given in Table I. The shortening of muscle in- 
duced by potassium increased in the presence of all alkaloids (except epinep >f ‘’ l0 
and cocaine), veratrine and colchicine being the most effective agen s. ie 
potassium sensitivity decreased in the presence of epinephrine and cocaine an 
in the presence of higher concentrations of d-tubocurarine, stiycimne, quinine, 
quinidine, and atropine. 


Table I. Effect of Alkaloids ox the Shortening of the Rectus Abdominis Muscle 
Induced by Acetylcholine and Potassium 


SUBSTANC E 

Atropine 


AMOUNT OF CONTRACTION (IN FEE CENT OF CONTROL* ) J SHORTENING 
INDUCED WITH 


ACETYLCHOLINE 


POTASSIUM 


1 1 — TrUA 

CONCENTRATIONS OF THE SUBSTANCES USED (MG. PER 100 

ringer’s solution) 


C.C. 


100 1 10 


-1 — I n 1 I n m I 0.001 1 100 i 10 | i I °-l J °- 01 1 ° i!Pl 

I I ! WVE -i i ■> Tivr 1 OQ 


21 

23 


Amphetamine 
Cinchonine . 

Cocaine 
Codeine 
Colchicine 
Epliedrine 
Epinephrine 
Ergotamine 
Morphine 
Physostigmine 
Pilocarpine 
Qninidine 
Quinine 

Strychnine „ 

d-Tubocurarine 

Veratrine 
Yohimbine 


56 

67 


130 

198 

s 

3 
3 


31 

74 

11 

st 

77 

3 

96 

174 

99 

140 

21 

6 

10 

5 

3 

116 


SS 

92 

79 

77 

91 

153 

100 

137 

117 

98 

620 

105 

79 

34 

13 

9 

58 

96 


107 

95 

96 

97 
94 

138 

101 

116 

110 

98 
295 
104 

S 2 

83 

44 

34 

109 

99 


10S 

99 

94 

101 

99 

123 

102 

98 
110 

99 
130 
103 

89 
95 
83 
76 
107 
95 


107 

98 

102 

102 

100 

100 

100 

101 

105 

100 

100 

102 

102 

97 
103 

98 
110 

99 


79 

SS 


149 

130 


138 

153 

126 

s 

s 

3 


114 

10S 

117 

3 

149 

3 

117 

291 

144 

132 

137 

71 

86 

67 

73 

s 

110 


109 

110 
116 

77 
143 
445 
135 

5S 

170 

138 

135 

149 

98 

105 

78 
88 

720 

108 


111 
134 
112 
85 
144 
224 

132 
66 

155 

139 

131 

133 
124 
136 
107 

93 

510 

101 


107 

132 

113 

90 

137 

140 

116 

83 

145 

134 

130 

129 

119 

127 

104 

105 
237 
110 


103 

122 

99 
96 

133 

112 

123 

128 

100 
107 
110 
122 
117 
114 
17S 
106 


- viumuuic a _L VJ ~ " 

, ‘Each value represents the average of ten separate experiments. The S. E. of the mean 
for each value was less than ±4 per cent. . onlntinn 

, ts. Shortening of the muscle occurred during the .mmers.on of the muscle in the solut.on 
for five minutes, without addition of acetylcholine or potassium. 


DISCUSSION 

Shortening of muscle induced by acetylcholine and by potassium involves 
mechanisms not identical in all details. Acetylcholine and potassium induce 
different physicochemical changes in the muscle cells - 6 and even diffeient 
physical changes in isolated myosin. Acetylcholine sensitivity parallels in 
many respects the sensitivity of muscle to indirect stimulation, whereas potassium 
sensitivity often parallels the effect of direct stimulation . 7 

Tlie alkaloids used can he divided into two groups according to their effect 
on acetylcholine sensitivity : alkaloids increasing the acetylcholine sensitivity 
of striated muscle and alkaloids with a curarelike effect of decreasing the 
acetylcholine sensitivity. 
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The acetylcholine sensitivity of striated muscle was increased by at least 
two mechanisms: decrease of the activity of cholinesterase'*' 17 and direct effect 
on the striated muscle. That alkaloids exerted a direct effect on the muscle 
cell may be concluded since changes of acetylcholine sensitivity often did not 
parallel the degree of inhibition of the activity of cholinesterase, S ' K and the 
alkaloids modified the potassium sensitivity of the muscle. 

The decreased potassium sensitivity of muscle immersed in epinephrine 
was, at least partly, due to the fact that epinephrine reduces the potassium 
content of the muscle cell (as documented by Torda and Wolff 1 ). Because 
d-tubocurarine, in higher concentrations, disintegrates the actoinyosin fibers 15 
and also decreases the activity of adenosinetriphosphatase, 10 it is likely that the 
decreased potassium sensitivity of the muscle in the presence of d-tubocurarine 
was, at least partly, due to these mechanisms. 

Curare, atropine, quinine, strychnine, and veratrine (the latter in high 
concentrations) were shown to have a curarelike effect, that is, these alkaloids 
abolish the effect of indirect stimulation on striated muscle in concentrations 
that do not abolish the effect, of direct stimulation. 20 ' 21 d-Tuboeurarine, 
atropine, amphetamine, codeine, cinchonine, quinine, quinidine, strychnine, and 
veratrine had a eurarelike effect (as shown in the present experiments) in 
that they decreased the acetylcholine sensitivity of the rectus abdominis muscle 
in relatively low concentrations but did not decrease the potassium sensitivity 
in the same concentrations. 


SUM M Alt v 

1. The effect of eighteen alkaloids on the acetylcholine and potassium sensi- 
tivity of striated muscle were investigated. 

2. The acetylcholine sensitivity was increased by physostigmine, colchicine, 
epinephrine, ergotamine, pilocarpine, morphine, and yohimbine (the latter three 
in higher concentrations), and was decreased by the other alkaloids tested. 

3. The potassium sensitivity was increased in the presence of all alkaloids 
tested (except epinephrine and cocaine), and was decreased by epinephrine 
and cocaine, and, in higher concentrations, by d-tubocurarine, strychnine, 
quinine, quinidine, and atropine. 

4. d-Tubocurarine, codeine, atropine, amphetamine, cinchonine, quinidine, 
quinine, strychnine, and veratrine showed a curarelike effect in that they 
induced a decrease of acetylcholine sensitivity in low concentrations and such 
concentrations did not modify the potassium sensitivity of the muscle. 

The authors wish to express their gratitude to Smith, Kline, & French Laboratories, 
Philadelphia, Pa., for the generous supply of amphetamine; to Sandoz Chemical Works, Inc., 
New York, N. Y., for the ergotamine; to E. R. Squibb & Sons, New York, N. Y. f for the 
d-tubocurarine; and to S. B. Penick and Co-, New York, N. Y., for the veratrine. 
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LABORATORY METHODS 


DILUTION TECHNIQUE FOE RAPID ESTIMATION OF 
DIIIYDROSTREPTOMY CIN AND OTHER ANTIBACTERIAL 
AGENTS IN BODY FLUIDS 


S. F. Qua x and V. K'kkkkis 
San Francisco, Calif. 

T HE technique to be described is a simple dilution procedure for the rapid 
estimation of dihydrostreptomyein , 01 streptomycin, penicillin, or other anti- 
bacterial agents in a fluid medium. Theoretically, dihydrostreptomycin should 
be readily assayed by many of the rapid methods used for the determination 
of streptomycin, but some chemical methods 2 ' 1 are no longer applicable due to 
modification 1 ’ 5 of the structure. The microbiologic, nephelometric methods 1 ’ 01 7 
are generally impossible to apply to blood, and agar plates 8 ' 10 are laborious 
and cumbersome when used for infrequent samples. A simple dilution method 
for rapid estimation of antibiotics in the blood is a clinical and research neces- 
sity. Such a technique was not found in the literature. 

The following procedure, which has been used successfully for over two 
j’-ears for the determination of streptomycin , 11 is based on the profuse growth 
of a large inoculum of a sensitive test organism and on its ability to reduce 
a solution of methylene blue added after growth has begun. The reaction 
produces a clear, easily read end point. The tubes in which growth has oc- 
curred are easily distinguished from those in which it has been inhibited by 
the antibacterial agent; in the latter, the blue color remains unchanged. While 
the end point can be determined in three hours and the concentration of the 
antibiotic can be estimated then, a sharper end point is obtained after four 
hours. 

METHOD 


The following method is used for tho determination of an unknown concentration of 
dihydrostreptomycin (or streptomycin) in a blood sample, whether whole blood, plasma, 
or scrum. The test organism employed is a strain of Bacillus prodigiosus (Scrratia mar- 
cescens) which reduces methylene blue in the presence of 0.3 unit, but not 0A unit, of 
dihydrostreptomycin per cubic centimeter of 1 per cent peptone in physiologic saline solu- 
tion. Streptomycin in a concentration of 0 A Mg also inhibits reduction, while a concen- 
tration of 0.3 Mg per cubic centimeter is not inhibitory. 

Procedure (Blood, Plasma, or Serum). — To the iirst tube of a series of ten sterile small 
test tubes (13 by 100 mm. or 13 by *150 mm.), each containing 1.0 c.c. of physiologic saliuo 
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solution, in added 1.0 c.c. o£ the blood (citruted or hoparinated) to bo assayed for dihydro- 
strcptomycin. With a fresh pipette the blood and saline solution are mixed m U c fust 
tube and 1.0 e.c. is transferred to the seeond tube; another ires l pipe e is u - 

transfer 1.0 c.c. to the third tube, and so on; 1.0 e.c. is discarded from the tenth tube, 

last of the series. , 

A control series is set up in an identical manner, using instead of the unknown b loo 
sample defibriuated sheep or rabbit blood or, preferably, horse serum eon .lining 
of dihydrostreptomycin per cubic centimeter. To each of the ten tubes in both the un- 
known and the control series is added 1.0 e.e. of 10-= dilution of a lea'} (six > 
twenty-four hours’ growth at 07° C.) culture of IS. prodigiosus in physio o a ic sa u ' e s0 ^ 
containing 1.0 per cent peptone. Shake the tubes aiul incubate at 37 . or uo 

Then add to each tube 0.2 c.c. of a 1:10,000 solution of methylene blue dissolved in 
physiologic saline solution. After shaking to obtain an evenly colored mixture, eac 1 
is layered with 0.5 c.c. of mineral oil (liquid petrolatum, U. S. P.). The tubes are then 
incubated again at 37° G. for another two hours. 

To estimate the concentration of dihydrostreptomycin in the unknown blood san p , 
the number of tubes in the unknown series in which the blue color is unc mnge is com 
pared with the number in the control series. Thus, if six tubes in the control series re- 
mained blue and the unknown scries showed five blue tubes, the latter wou con am 
units; if six tubes in the unknown remained blue, it would contain 100 units, or equa ie 
control; seven blue tubes in the unknown series would indicate a concentration o 
units, and so forth. 

Procedure (Urine or Aqueous Fecal Extract).— The same procedure is used for urine and 
fecal extracts containing antibiotics. Sixteen to twenty-four hour cultures of sc lericua co , 
Waksman and associates”. 12 grown at 37° C. in 1 per cent peptone, have been used in 10- 
dilutions for the determination of dihydrostreptomycin or streptomycin in such samples. This- 
coliform organism does not produce reduction when dihydrostreptomycin is present in 1.1 uni s 
per cubic centimeter or streptomycin in 1.0 Mg per cubic centimeter, but is effective in 1.0 unit 
of dihydrostreptomycin or 0.9 Mg of streptomycin per cubic centimeter. However, a 10-2 
dilution of B. prodigiosus, which grows more slowly than Esch. coli, is preferable. 

The high levels of streptomycin present in urinary or fecal samples taken during 
therapy- necessitate a tenfold dilution of the original sample, and the final value for the 
unknown sample is obtained by multiplying the estimate by ten. 


DISCUSSION 

Sterile glassware is used entirely, but plugs for the test tubes aie not 
necessary. The methylene blue solution and the mineral oil are not sterile. 
The test may he read one hour after the addition of methylene blue solution 
and mineral oil, or at any time thereafter. However, reading two to four 
hours following the seeond period of incubation is recommended. The numbei 
of tubes reduced A r aries directly with the time of incubation. A late reading 
not only gives lower sensitivity, but may also render the test inaccurate by 
allowing contaminants to grow. The latter has not yet been encountered in 
this laboratory, where no special precautions are observed, and readings at the 
end of twenty-four hours have been found to be in good agreement with those 
made earlier, except when the antibiotic was present in low concentration. 

In the presence of a 10 per cent or more concentration of blood, for ex- 
ample, in the first and second tubes of the blood dilution series, reduction of 
methylene blue is not a reliable index of growth manifestations, and non- 
Teduced methylene blue does not necessarily indicate inhibition. The cause 
of this anomaly is unknown. It is necessary at present to avoid testing whole 
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blood samples which will give end point results in the initial tubes. Serum 
and plasma do not react in this way. The testing of serum in place of blood 
has still other advantages: blood may conveniently be allowed to clot, and 
serial dilutions may be made without changing pipettes from tube to tube. 
Under the conditions described, the varying amounts of serum in successive 
tubes have no noticeable influence on the growth of it. prodigiosus. 

While sterilization of fresh urine samples is not absolutely necessary, it is 
recommended that 5 e.e. be heated for twenty to thirty minutes in boiliiig 
water before use in antibiotic determination. Dihydrostreptomycin solutions 
may be sterilized by steam autoclaving for thirty minutes at 115° C. and 15 to 
20 pounds of pressure without loss of potency. Solutions of streptomycin, 
penicillin, or tyrothriein should not be subjected to either treatment. Dilu- 
tions of fecal extracts may be tested by the same procedure used for urine. 

APPLICATION 

These procedures, which are capable of wide application, can be used with 
any sensitive organism which grows rapidly under the described conditions. 
In this laboratory, the aforementioned organisms and ■Bacillus subtilis, Salmo- 
nella typhimurium, Staphylococcus aureus SM, Staphylococcus uureus 20'JP , and 
Streptococcus haemolyticus N.Y.5 have been successfully used in the assay of 
penicillins, streptothriein, tyrothriein, alkyl quaternary ammonium salts, and 
some aromatic ainidines. 

Test data are given in Table I. Values obtained by other methods are 
included 7 ’ 8 - 13 ‘ 13 for purposes of comparison. 


Table I 


SAMPLE 

TEST 

ORGANISM 

DILUTION 

ME- I 
DIUM 1 

TIME 

(IIR.) 

ORGANISM 

INHIBITED 

(CONC./C.C.) 

SAMPLE 

(coxc./c.c.) 

(CA.) 

KNOWN 

(CONC./C.C.) 


Dihydrostreptomycin in : 
Horse serum E.c. 10-= 

A 

4 

1.0 units 

200 units 

100 units 

120 units 

Fecal extract 

s.t. 10- 3 

A 

4 

0.S unit 

1,000 units 

1,000 units 



Blood 

B.p. 10*- 

A 

4 

0.S unit 

100 units 

100 units 



Urine 

B.p. 10-= 

A 

4 

0.8 unit 

1,000 units 

1,000 units 

1,180 units 

Streptomycin in : 

Urine 

E.c. 10-= 

A 

4 

0.8 pg 

4,000 Mg 



3,SOO Mg 

Serum 

B.p. 10-= 

A 

4 

0.2 Mg 

100 Mg 

100 Mg 

90 Mg 

Fecal extract 

B.p. 10-= 

A 

4 

0.4 Mg 

5,000 Mg 





Penicillin in : 

Serum 

S.a. 10-= 

B 

3 

0.OS0 unit 

1.25 units 



1.5 units 

Blood 

S.a. 10-3 

B 

6 

0.030 unit 

12.50 units 

25 units 



Physio, saline 

S.a. 10-3 

B 

(5 

0.010 unit 

50.00 units 

50 units 

43.5 units 

Serum 

S.h. 10-= 

C 

0 

0.005 unit 

1.25 units 



1.5 units 

Quaternary ammonium salt in : 

Urine E.c. 10- 3 A 

4 

16.00 Mg 

2 mg. 

2 mg. 

2.2 mg. 

Water 

S.t. 10-3 

A 

4 

0.02 /ig 

10 mg. 

10 mg. 

9.8 mg. 

Tyrothriein in : 

Water 

B.s. 10-= 

B 

3 

1 Mg 

0.2o mg. 

0.2o mg. 

— 

Streptothriein in 
Water 

’ P.p. 10-= 

B 

10 

16 units 

500 units 




Be Each col i: S.t.. S. typhimurium; B.p., prodigiosus; S.a., Staph, aureus; B.S., 
B. subiil'is; S.h., Str. haemolyticus; P.p., P. pestis. 

A 1 per cent peptone ; B. hormone broth ,T C. B with 5 per cent serum. 

ME. (milligram) = 1000 ps (microgram). 
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SUMMARY 

A simple inicrobiulogiu serial .lilill'mi. l>«» b “" “ 

detail for the four-hour estimation of .lihy.lrostreplomyem or sHcptou.ycm 

whole blood, plasma, scrum, urine, or Iceal extractions. , 

The procedure has also been applied to other anUbaclem agen , ■ 
as penicillins, streptolhriein, tvrothriein, quaternary a.n.nonnun salts, 

aromatic amidines. 
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ESTIMATION OF URIC ACID IN SERUM AND WHOLE FLOOD BY AN 
ELECTROPII OTOM ETR IC .MODIFICATION OF FOLIN’S METHOD 


E. II. Bexslky, M.D., Sai.uk Mitchell, B.Sc., and Phyllis Wood, B.Sc. 

Moxtheai., Canada 

T HE purpose oi - this communication is to report a study of the estimation 
of uric acid in serum and in whole blood by an electrophotometric modifica- 
tion of Folin ’s direct macroinethod. 1 " 1 Details of the adaptation of Folia’s 
technique to the electrophotomcter, recoveries of uric acid from serum and whole 
blood, and estimations of the uric acid content of serum and whole blood of nor- 
mal subjects are presented. 

This investigation was stimulated by a report by Jacobson 1 of the satisfac- 
tory results of the application to serum of Folia's direct method of estimation 
of blood uric acid. 1 In thirty experiments, in which uric acid was added to 
serum (or plasma), the average recovery was DO per cent and individual recov- 
eries were 80 per cent or higher in all but one instance. The upper limit of the 
normal range of serum uric acid concentration was G.O mg. per cent, and values 
above this were found in 174 of 177 tests on twenty-one patients with gout. 
These recoveries and the demonstration of this high incidence of hyperuricemia 
in gout are in contrast with the findings of many investigators. Thus, in 1941, 
Bulger and Johns'’ stated that the uncertainty regarding the reliability of 
methods of estimation of blood uric acid was so great that some laboratories no 
longer attempted these tests. We were therefore prompted to study Folin ’s 
method with special reference to its application to serum ami, since whole blood 
is commonly used for estimation of uric acid, to compare results obtained with 
serum and whole blood. J 

Electrophotometric Modification of Folin's Direct Macromcthod. — Prelim- 
inary experiments with Folin’s technique showed that the color of the blank 
was not constant. At times it was pale to moderately deep yellow; at other 
times, although pale yellow at first, it rapidly became pale green. These varia- 
ions appeared to be due to impurities in the sodium cyanide used in the urea- 
cyanide reagentf and, to a less extent, to very small changes in the proportions 
of sodium tungstate and phosphoric acid in the uric acid reagent. 3 A change 
in the blank occurred whenever a new lot of sodium cyanide was used and 
sometimes when a new uric acid reagent was prepared. It was therefore decided 
to adapt the technique to the electrophotomcter, since (bis would permit a cor- 
rection for the blank with eaeli estimation. 

From the Department of Metabolism and Toxicology, the Montreal General Hospital. 
This work was done with the aid of a grant from Mr. T. Howard Stewart, a Governor 
of this Hospital. 

Received for publication, Aug. i, 1317. 

•In all tests with whole blood the anticoagulant was sodium oxalate and red cells were 
laked before precipitation of proteins. 0 Unlaked blood filtrates 7 were not used since they yield 
values which are influenced by a variable degree of extraction of chromogenic material from 
the red cells.* 

tFolin 3 recommended the use of Merck’s reagent sodium cyanide. In our experience this 
does not ensure constancy of the blank. 
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A Fisher clccleophom, notch with two pbotoeloctvio * n.U 
mieroabsorption coll., an a Biter of maximum t„m,m„Mon at / 

use( *' , .. showed concentration to 

Experiments with aqueous solutions o • ‘ ^ thc transm ission factor 

be directly proportional to the «cguti%e og< (equivalent to a serum 

with amounts of nrie acid below 0.6 was vari- 

or blood uric acid oi 6 mg. per cent). 1 impU rities in the sodium cya- 

able and appeared to he markedly m luencec ^ cyanide color devel- 

nide used in the urea-cyanide reagent. V. . to f 01 q v m i n . 

opment was slow and a deep blue color was not . onnec . mi deve i 0 pment 

utes after addition of uric acid reagent. ^ ^ miuutes and was 

was more rapid, the blue color was deep at m inutes. A calibration 

replaced by a green color between thirty an 

curve could not be used and a standard, equivalent to a blood unc ae 

mg. per cent, was set up with each unknown as cesci net dilutions of 

Experiments with Folia AVu filtrates representing i ^ so]u . 

serum and blood 3 * 0 showed their behavior to be sinn ai o i stand- 

tions. Rate of color development was variable but paralleled that of the 

ard set up at the same time with the same reagents. n.A + 0 

Oc the basis of these Buttings, Folin’, direct ,naero,ae hod wa 
the electrophotometer as follows. A standard, equivalent to a blood am ae 
of 4 mg. per cent, and a hlault were set vthh each — 1 Uo " Teld 

made at any time between twenty and f “ ty . . t ter the galvanometer 

reagent. With the blank in position m the eehoph, ,tomcle^ ^ 

was adjusted to read zero on the ' of Wank| the standard, 

and the unknown were then made. Since t succession 

and the unknown were not stable, ladings n ' thTunknown was calculated from 
as possible. The concentration of uric acid n Tf i ue obtained 

the readings of the logarithmic scale of : the | a filtrate diluted with 

in Grange of direct proportionality between 

concentration and logarithmic scale readings. . 

The modifleations introduced in adapting the technique to t e e ;ec top 10 
meter only have been described; otherwise the preparation of .eagents and 
procedure of the test were as described by Folin. 

Recovery of Uric Acid From Serum and Whole Blood.- Uric acid was 
added to serum and whole blood in concentrations ranging e w - 
mg. per cent. Filtrates, representing dilutions of serum or blood of 1 m 10 
were prepared by the FolinAVu procedure 3 * 0 and estimations before and Ate 
addition of uric acid were made by the electrophotometnc modification of Folin s 
direct macromethod. The results (Table I) show that recoveries from whole 
blood were lower and more variable than those from serum. Demonstration 
of the inaccuracies involved in analysis of the uric acid content o w 10 e oo 
is not new and the factors responsible for poor recoveries have been discussed 
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in tlie literature. ’’ ’ The figures repotted here are of interest in piovidiiig 

a comparison between ieeo\eries from serum and whole blood by the same tech- 
nique. 


Tuuk I. Know i, ns or Uui Atm J’kou m hum ami Whole Jlroon 




Ktcoui 

.v or umi 11 ui.tc acid* 



ior \t, 

NUMUV U 

OF % 

1 \rn.i\u sis 

! 

trwniuM j 

MIMMl’M , 

u h:\gk i 

mjubh. oi 

} \I*f P.IMIATS WITH 
m C 0\ EKIES OP 
S5% OK ilOI.E 

Serum 

::o 

110% 

"i>% 

91% 

119 

Whole blood 

no 

305% 

55% 

Si% 

15 


•Reccnenos were calculated by the furnuil i — — X lODEi, m which U> ami Ui were 

miounU of uric acid found bcfoie uid after addition of uric acid, respecth dy, and a was tlie 


amount added. In some publications itco\ery is cilculated as vy— - X 100^. The Utter 

Li il 

method \ iclds higher llguics, tlie disci t p nicy is « specially marked when Ui is high and a is 
low. 

Variations in the color of the blank and in the rates of color development 
by standards and unknowns had no influence on recoveries. It should be noted 
here that these recovery experiments were not done with only one set of ie- 
agents Six lots of sodium cyanide, lcpresenting products of three manu- 
facturers, and tour preparations of uric acid reagent were used. 

These results indicate that serum is to be preferred to wdiole blood for 
estimation of line acid by Folio’s method. 

Normal Yalta* of Vtic Acid Content of Scrum and Whole Blood. — Blood 
was collected from 100 normal individuals with no family history of gout. 
There were (33 men and 37 women The maximum, minimum, aiul average ages 
were 58, 15, and 29 years iespectiu*!y Samples were obtained in the morning 
one to three hours after breakfast and were not collected under oil. 4 The latter 
precaution was omitted since it is mcomenient in tontine work and we wished 
to determine normal values with samples collected under the usual conditions 
of exposure to air. Uric acid in Folin-Wu filtrates of serum and whole blood 
wms estimated by the electrophotometric modification of Folio’s direct maero- 
metliod. 

The results are shown in Tables II and III. As expected from the recov- 
eries, average values obtained with whole blood were lower than those obtained 
with serum - Individual values showed considerable \ ariation. Tlius, whole 
blood values v T ere equal to or higher than serum values in 15 of the 100 tests 

•The ratios of the diffeience between the means to the piobible error of the difference 
?how the differences between whole blood and serum values to be statistically significant 
Statistical fonnulas used 

o sample = i J -—j- 

P. E sample = 0 G7 15 X 0 sample 
a sample 

a mean = = — 

Vn 

P. E mean = 0 6745 X 0 mean 

oCMi-lt) = V (0110= + (»V-) ! 

P. E. (Mi— iL) = 0 G7-13 X aCHi-Mi) 

Iii these formulas . 0 . standard deviation , v, individual de\ lation from mean , n, number 
of measurements, P E, snob able cnoi , Hi and if- means of two series of measurements. 
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and, among the remain...* 85, diltcm.cs between »*m 

values varied between 0.1 and 2.9 mg. per cent. In mdmdual eases the m e 

arid content of senna cannot be predicted from the value obta.ned wmg 

blood. 

Table II. Serum Uric Acid is One Hundred Normal Subjects 



NUMBER 

OF 

TESTS 

MAXIMUM 

1 MINIMUM 

[ AVERAGE 

probable 

ERROR 

SAMPLE 

PROBABL 

ERP.OP. 

MEAN 

All cases 
Men 

Women 

100 

03 

37 

! — 1 r. '♦‘U.U ’ v.vu 

?.?, O 48 ±0.6 ±008 

4 4.0 ±0.4 ±0-0' 


Our normal values of serum uric acid are slightly highei than those 
ported by Jacobson.' This is probably explained by the fact that our samples 
of blood were not protected from exposure to air, whereas Jacobson collected 
blood under oil. This investigator has shown that exposure of blood to air may 
increase the apparent uric acid content of serum by as much as - m 0 . pel cen 
It should also be noted that Jacobson’s tests were done while the subject w . 
in the fasting state, whereas those reported here were done one to three hours 
after breakfast. However, there was no evidence that our highest values w 
related to consumption of breakfasts of high purine contents. 

Table III. Whole Blood Uric Acid in One Hundred Normal Subjects 



NUMBER ^ 

OF 

TESTS 

WHOLE BLOOD URIC ACID (MG. PER CENT) 

MAXIMUM 

| MINIMUM 

AVERAGE 

probable 

ERROR 

SAMPLE 

probable 

ERROR 

MEAN 

All cases 

lien 

Women 

100 0.4 

03 0.4 

37 4.4 

9 2 3 8 ±U.o ru.uo 

95 4.1 ±0.6 +0.0S 

22 3-2 ±0.4 ±0.07 


Nothin"- would be gained from a detailed comparison of our data with 
those obtained by other techniques'- since values depend to a considerable ex- 
tent on the technique employed. In general, values obtained with serum 01 
plasma are higher than those obtained with whole blood and indicate the^ upper 
limit of the normal range for serum or plasma to be 6 to 7 mg. per cent. 

As shown in Tables II and III our data agree with those reported else- 
where-- 10 * 12 in demonstrating lower values in women than in men. 


SUMMARY 

1. An electrophotometric modification of holin s diiect maciomethod of 
estimation of uric acid in blood is described. 1 his was developed to eliminate 
errors due to variable blanks met with in this technique. 

2. With this method recoveries of uric acid from serum were higher and 
less variable than those from whole blood. Serum is therefore to be preferred 
to whole blood for estimation of uric acid by this technique. 

•The ratio* of the difference between the means to the probable error of the difference 
show these differences between men and women to be statistically significant. 
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3. Estimations ol' the uric acid content of whole blood and serum were made 
in 100 normal individuals with no family history of gout. The average values 
obtained with whole blood were significantly lower than those obtained* with 
serum, but individual values showed considerable variation. In individual eases 
the uric acid.eontent of serum cannot be predicted from analysis of whole blood. 

The normal range of concentration of uric acid in serum was 2.9 to 6.9 mg. 
per cent. 

Whole blood and serum uric acid concentrations were significantly lower 
in women than in men. 

The authors wish to express their obligations to the Nursing Staff of the Employee Wel- 
fare Clinic of the Sun Life Assurance Company of Canada and to Miss Roberta Geldert and 
Miss Thelma Todd of the Department of Metabolism and Toxicology of the Montreal General 
Hospital, who collected the blood samples from normal subjects. 
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\ DERMAL PLETHYSMOGRAPH FOR THE RECORDING 
OF SKIN-WHEALING REACTIONS 

Carl C. Pfeiffer, M.D, Elizabeth II. Jknney, A.B.,» and Harry L. Williams 

Chicago, III. 

nREVIOUS comparative studies on intradermal wheals, initiated shortly aftei 
T the introduction of the McClure- Aldrich saline wheal disappearance test , 
were disappointing because of lack of quantitative metio s 01 ® m 

ment of wheal volumes. The first effort at quantitation was probably that of 
Scliade 3 in 1912 who used a weighted disk placed on top of sa w iea ® ai * 

recorded kymographically the slow sinldng and disappeaiance o iese wie . . 

Alexander and co-workers 4 ’ 0 traced the irregular wheal boundary with a plan - 
meter and used the recording as an index of wlieal size. owen su„ n es e 
a practical clinical method of approximating the size of w iea s y e use 
of a thin 4 cm. square glass with three circles, 1 cm., 2 cm., an cm. 
diameter, marked on its surface. For measurements, the glass square was 
placed over the wheal with the point of injection in the center of the 1 cm 
circle. A rubber stamp with circles of the same size was used to record and 
transfer a rough outline of the wheal size to the patient’s chart. 

Intradermal wheals have been used in animals and man to compare the 
degree of irritation caused by local anesthetics. 8 An accurate means of wheal 
measurement would suggest extending this simple test to study the intrader- 
mal tissue tolerance of other new drugs. The tendency of many drugs to 
cause an inflammatory reaction or cellular irritation, as well as the charac- 
teristic curve of absorption, might thus be determined by the use of various 
concentrations of the test substance. The results of intradermal injections 
could then be correlated with the intramuscular and subcutaneous reactions 
to the drug. During the course of studies on new local anesthetics a distinct 
need was felt for a more accurate means of measuring wheals and cutaneous 
reaction to intradermal injections. Accordingly the following dermal plethys- 
mo graph was designed. 

apparatus 


The dermal plethysmograph (Fig. 1) consists of a ZO to 30 cm. glass 
capillary tube (bore, approximately 1 mm.) opening into a hollowed-out rub- 
ber base. Using rubber cement, a thin rubber membrane is cemented to the 
rubber base of the plethysmograph and the edges of the membrane are then 
trimmed with scissors. When the tube and rubber base are filled until an 
80 per cent alcoholic solution of toluidine or methylene blue, any pressure 
against the rubber membrane causes the blue solution to rise in the tube. 

From the Department of Pharmacology. University of Illinois College of Medicine. 

Received for publication. Aug. 25. 1947. 

•Submitted In partial fulfillment of the requirements for the degree of Master of Science 
in Pharmacology. 
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When weighted with sufficient lead to make the entire instrument weigh 100 
grams it is extremely sensitive to volumetric changes of the skin surface. The 
pulse is seen as a regular rise anil fall of the blue column as the instrument 
rests on the subject’s arm. Urea ter weight may cause a gradual depression 
of the supporting skin and a resultant rise of the blue column of lluid over 
a forty-live minute period. With an external diameter of 37 mm. and an 
internal opening of 21 nun., the instrument applies 100 grains of weight over 



an area of 72S sq. nun., or approximately 50 grams per 350 square millimeters. 
In this regard Selvade 3 found that 50 grams per 50 sq. mm. did not exceed 
the elastic limits of the skin when applied for a two-minute period. Control 
readings indicate that 100 grams per 728 sq. nun. does not exceed the elastic 
limits when applied for a forty-five minute period, since no spontaneous rise 
occurs during this time. That changes in skin temperature are not important 
in the readings of the skin plethysmograph is shown by Fig. 2. The bases of 
three plethysmographs were immersed to a depth of 2 mm. in a water bath 
and the temperature was raised slowly from 22 (room temperature) to 37.5° C. 
Over the temperature range encountered in the skin of the forearm (33 to 
37° C.) the readings of the plethysmographs increased only 1 to 2 mm., which 
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is not sufficient to necessitate a correction. When the 

with mercury it is found that a capillary ot apin-oxiniateiy ™ " 

contain 0.009 e.em. of water per centimeter length. Pius in 

calibrated capillaries, graph paper may be usee to measui . - s 9 , 10 

volume of the skin surface. Knowing that the wheal is made m 


°C 



FlB plethysmograpm ' 6 C. 


one can assume that at least one-half is submerged in the soft subcutaneous 
tissues so that only the top half of any given wheal could possibly be meas- 
ured. The instrument is calculated on this basis to be 63 per cent effective. 
That is, when 0.2 c.c. wheals were made with serum, the total volume measured 
is 0.063 c.c. rather than the theoretic value of 0.10 cubic centimetei. 


PROCEDURE 

Most consistent results are obtained with a trained and relaxed subject 
reclining on a bed with the arm immobilized with small sand bags. A series 
of control readings are taken on a level area of the flexor surface of the sub- 
ject’s forearm by lifting and replacing the plethysmograph several times. The 
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average of these control readings is taken as a base reading. Each time be- 
fore removing the plethysmograph from the skin tiie stopcock should be closed 
to prevent bulging of the rubber membrane due to pressure from the column 
of fluid. It is opened upon replacing. After the control readings have reached 
a constant value, the instrument is removed from the arm and a wheal is 
raised in the exact center of the area where the dermal plethysmograph had 
been resting. The wheal is made by injecting intradermally 0.2 c.c. of the 
sterile test solution using a Yi c.c. tuberculin syringe and a 27-gauge one- 
fourth inch needle. The stop watch is started after the needle is inserted and 
immediately before the solution is injected. The dermal plethysmograph is 
replaced over the identical area, and readings are taken at thirty and sixty 
seconds and at every minute thereafter for a period of forty-five minutes. 

With the enormous pressures required for wheeling, 11 some variation in 
wheal size may result from leakage of a test solution either back around the 
syringe plunger in a poorly fitting syringe or between the syringe and the 
needle. To avoid this in quantitative work, each syringe must be carefully 
tested for leaks by the following ])roeedure : a needle is lirmly attached to 
the syringe, then inserted into a solid rubber stopper; if pressure exerted 
on the syringe causes the fluid in the syringe to escape at the bevel or back 
along the piston, the syringe is discarded. Puncturing of the basal layer of 
the eorium (as by poor technique) also causes a smaller and more rapidly 
disappearing wheal. (Some evidence has been obtained which indicates that 
a markedly irritating solution may regularly result in smaller wheals.) Finally, 
the primary factors in the size and disappearance of wheals are the varying 
abilities of the solutions to spread between the cell walls, to penetrate the 
tissues and the cell walls, to cause cellular swelling, to increase capillary per- 
meability, and to cause delayed inflammatory reactions. 

Since the human subject must lie supine for forty-five minutes we have 
found it expedient to use three dermal plethysmographs simultaneously and 
make three wheals in rapid succession in the skin of the subject’s forearm. 
The tabulation of data from three plethysmographs at minute intervals is 
easily within the skill of a trained operator. 

■RESULTS 

Example I. Reaction to Insect Toxin . — Subject AV. F., a 21-year-old man 
known to have an immediate whealing reaction to mosquito bites, was chosen 
for this experiment. A single mosquito (Aedes aegypti) was allowed to bite 
the subject in the volar surface of the forearm. After the mosquito had be- 
come engorged and had withdrawn his proboscis, the dermal plethysmograph 
was placed on the site and development of the wheal measured (Fig. 3, A). 
The experiment, when repeated the next day, produced a similar type of 
whealing reaction (Fig. 3, B). The response curves are sufficiently analogous 
to indicate the usefulness of this method of recording when immediate reac- 
tions to an injected substance are anticipated. 

Example II. Reaction to Histamine Diphosphate . — Two subjects were 
chosen for this experiment. Subject A, a 20-year-old man, was known to 
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react ,ui«e marked* to trader,,, al tb^Tad' tu 
man, was known to have a less » v P i mined with 70 per cent alcohol, 

* tei c history. The skin of the ^ ™ clean dry akin, 

and a drop of histamine diphosphate, . . , > ma ke two punc- 

A sterile 27-gauge one-fourth inch need o ™ excess histamine 

tures through the dermis beneath the di 1 rument was placed over the 

was blotted off with gauze and the recording nsU um « ^ lised in 

site. This technique results in a uniform whealin D iesp 
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Flg. 3. — The response of a normal subject to^mosqulto bites (Aedes Egypt l) on two successive 

experimental subjects during the summer months. (In winter months we ha 
found the skin to be much less responsive.) It is evident from mspec 
the curves obtained on three successive days (Fig. ) 111 ^ ac 3 ec 
Subject A has a consistently greater response to the wheeling action of his- 
tamine than Subject B who has a consistently minimal response.. These sepa- 
rate families of curves are distinct and probably reflect the sensitivity o t ese 
two subjects when histamine is applied in this manner. 

Example III. Disappearance Curves of Saline and Glucose. Pievious ex- 
amples of the application of the dermal pletliysmograph have shown eharac- 


rn.U'l'KU, JKNNKY, AND WILLIAMS 


HISTAMINE I -1000 


fj 

/"W 


trr 

(// 


*<! 


L /N 


02 




MINUTES 


Fig. L — The response of two normal subjects, -l and ZJ, to histamine on three successive days 
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teristic curves of wheal growth. Wheals ot various substances ni soiuhons 
(such as local anesthetics, irritant drugs, and saline) can be made, the *heal 
size measured, and a characteristic wheal disappearance curve obtained fo 
each substance. The average disappearance curve of five subjects injecte 
with various saline solutions and glucose is characteristic anc P 1 
(Fig. 5). Clinically we know that 5.5 per cent glucose so u ion is m le 
ing than 0.9 per cent NaCl solution. The rising plateau curve obtained wit 
glucose simulates the curves of other irritant substances such as imp er came 
1:500 or diothane 1:500.* Sodium chloride, 0.4o per cent, most closely p- 
proximates the saline level of the extracellular fluid and in t lose expei ime 
disappears most rapidly from an intradermal site. Sodium c on e, . pe 
cent, has an irritant quality similar to that of glucose. 

SUMMARY 

A dermal plethysmograph (whealometer) has been constructed which 
measures with a known degree of accuracy the growth and disappearance la e 
of dermal wheals. Wheal measurement is suggested as a useful procedure for 
the study of histamine response or other immediate wheaUng responses and 
for the determination of the rate of disappearance of various substances in- 
jected intradermally. 
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1. EFFECT OF URETHANE ON LEUCEMIA 


P.ux L. Bedixgek, M.D. (Bv Invitation'), Henry 0. Pox'ciikk, OLD., and 
Louis R. Li.maezl 11. D., Chicago, III. 

Recent investigation lias shown that urethane (etliyl carbamate) produces 
a marked drop in the leucocyte count of both human leueemia and mouse 
myelogenous leueemia. Normal leucocytes appear to be more refractory to 
urethane than do leucemic cells. In human leueemia following the oral admin- 
istration of urethane over a period of several months a favorable effect has 
been reported in the subjective symptoms, lymphadenopathy, hepatosplenomeg* 
aly, and the leucocyte blood pattern. The exact action of urethane is not 
understood, but a mechanism of inhibition of mitosis of immature cells has been 
suggested. 

Seventeen children and adults with acute leueemia, fourteen patients with 
chronic lymphatic leuceipia, four with chronic myeloid leueemia, and one with 
monocytic leueemia (Schilling type) were treated with urethane. The drug 
was given orally in simple syrup or as I l /e grain tablets. Because of intolerance 
in some cases, mainly shown by nausea and vomiting, 5 : grain enteric-coated 
tablets proved satisfactory. The average daily dose of the drug ranged from 
1 to 5 Cm. given over a period of two days to six months. 

In the patients with acute leueemia little or no benefit was observed from 
the use of urethane, although a rapid and marked fall in the leucocyte count 
was noted in all cases. With the exception of one child who showed an ap- 
parent temporary remission in the blood and bone marrow pattern without 
clinical improvement, all the other patients still presented the blood and bone 
marrow findings of acute leueemia. The severe anemia and thrombopenia 
necessitated the use of frequent blood transfusions in spite of the drop in 
leucocyte count during the administration of urethane. Terminal eases of 
acute leueemia showed a rise in the leucocyte count in spite of the admin- 
istration of urethane. Eleven of these patients have died and in several of the 
cases at autopsy the hemopoietic organs, as well as the others, showed a general 
infiltration of tissues by leucemic cells. 

In chronic myeloid leueemia and chronic lymphatic leueemia urethane 
produces a gradual or rapid fall in the leucocyte count with apparent symp- 
tomatic improvement. Enlarged lymph nodes and enlarged spleen decreased in 
size, but in no case did they disappear. Although a more mature type of blood 
pattern was observed in the patients with chronic myeloid leueemia following 
treatment, immature cells of the myeloid series were always present in the 
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peripheral blood. In the pullouts will, chronic and 

in the leucocyte count was associated with an imp . i •„ remission 

bone marrow picture, although in no case was a comp nrvthrocvte count 

induced by the drug. Improvement in the hemoglobin ai id c 
was noted in several cases. There is some mdicatio ,, jm, c jj n j ea i 

by roentgen treatment may be prolonged by the use o „ nTinf , v f; e leucemia. 
or hematologic improvement was noted m the patient w thp neutrophilic 

Urethane produces varying degrees of toxic neu^iiw 

leucocytes which is especially marked m the eases of , ■ i con _ 

was without effect on the basal metabolic rate and certain b food . c hernial con 

stituents including uric acid. The tentative conclusion.- ( m-oduce 

with acute leucemia urethane in oral doses of 1 to 5 • J tn severa l 

moderate to marked fall in the leucocyte count during a p i • 

weeks; (2) in patients with chronic lymphatic leucemia and cln onic myeloid 

leucemia there is a tendency for the blood pattern to app temno- 

type with a decrease in the size of the lymph nodes and sp ’ ' pomr) i ete as 

rary remission induced by the drug in chrome leucemia is urethane has 

that following roentgen therapy; (4) there is no indication that methane has 

any permanent effect on the leucemic process. 

2. VARIATIONS IN BLOOD PLATELETS IN ALLERGIC 
INDIVIDUALS FOLLOWING THE INGESTION 
OF TEST FOODS 

Frederick J. Pohle, M.D., and Ephraim B. Cohen, M.D. (By Invitation) 

Madison, Wis. 

Purpura as a manifestation of allergy is well known. Such hemorrhagic 
disorders are usually nonthrombocytopenic, although m raie instances ret 
erence has been made to cases of thrombocytopenic purpura presumably c ue 
to a food sensitivity. Squier and Madison, particularly, have emphasized the 
role of food allergy in the etiology of certain eases of thrombocytopenic purpura 
The purpose of the present investigation was to quantitate the platelet response 
in allergic individuals to the ingestion of test foods. . . tt i , 

Twenty sets of observations were made on sixteen allergic subjects. Under 
basal conditions, leucocyte and platelet counts were performed twice at niteen 
minute intervals prior to ingestion of a standard portion of a test food to which 
the subject was known to be sensitive. The postprandial blood counts weie 
done at fifteen, thirty, sixty, and ninety minutes. Tourniquet tests were done 
immediately prior to the feeding and were repeated on the opposite arm sixty 
minutes later. Platelets were enumerated by one of us (T. J. . P-) employing 
a direct method which, in our hands, admits a technical error of approximately 
+4 per cent. 

A positive leucopenic index, as evidenced by a postprandial _ decrease of 
10 per cent or more as suggested by Randolph, was demonstrated in seventeen 
of the twenty studies. On the samp basis, a positive thrombopenic index 
was observed fourteen times. The average change in the leucocyte count for 
the entire group was —22 per cent; the average change in the platelet count was 
—19 per cent. In fifteen of the twenty sets of observations the subject demon- 
strated clinical manifestations of sensitivity to the test food. The tourniquet 
test became positive after the ingestion of the offending food in two individuals. 
These two patients showed a decrease in platelets of 31 to 33 per cent, respec- 
tively. Similar observations of the leucocyte and platelet counts and the 
tourniquet test were made on a control group of nonallergic individuals, none 
of whom demonstrated these changes. 
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These data suggest that this eiinieal method may aid in the detection of 
food allergies and that this type of observation may lie of value in the study 
and management of certain throinbopenie states. 

3. NEUTRALIZATION OF HEPARIN WITH PROTAMINE 

(SALMINE) 

Thomas W. Pakkin, M.D. (By Invitation) , and Walter F. Kvale, M.D. 

Rochester, Minn. 

Hemorrhage due to a prolonged blood coagulation time resulting from the 
administration of heparin can be controlled only by discontinuing the admin- 
istration of heparin and by giving blood transfusion. The effects of neither of 
these procedures may be sufficiently prompt to prevent the hemorrhage from 
reaching serious proportions. 

Certain protamines are known to neutralize heparin in vitro and in an- 
imals. Protamines also appear to have certain toxic effects when given to dif- 
ferent species of animals. The assumption appears in the literature that on 
the basis of animal studies protamines cannot he administered safely to human 
beings. On the contrary, in 193S, Jorpcs reported from Sweden that the 
protamine, clupcine, can be injected intravenously in man to neutralize heparin. 
In view of the conflicting reports in the literature, further work seemed neces- 
sary. 

The purpose of this investigation was to determine (1) by work on an- 
imals the toxicity of the protamine, salminc, (2) whether salmine can be ad- 
ministered safely to man, and (3) the dosage of salmine required to neutralize 
the anticoagulant effect of a standard dose of heparin in man. 

In vitro studies demonstrated that 1.5 mg. of salmine neutralized 1.0 mg. 
of heparin, thus showing that there is quantitative neutralization. The lethal 
dose of salmine in the guinea pig was 6.0 mg. per 100 grams of body weight. 
Salmine injected intravenously in doses of 90.0 mg. per kilogram in the un- 
anesthetized rabbit and 2.0 mg. per kilogram in the unanesthetized dog produced 
no reactions. The intravenous injection of salmine in doses of 10.0 mg. per 
kilogram in the anesthetized rabbit and 2.0 mg. per kilogram in the anesthetized 
dog produced transient drops in arterial blood pressure. No evidence of 
anaphylaxis was observed. 

Intravenous injections of salmine neutralized heparin which was injected 
intravenously in dogs. In the dog, elevated coagulation times resulting from 
the intramuscular injection of heparin In the Pitkin menstruum were tempo- 
rarily returned to normal levels by single intravenous injections of salmine. 

The anticoagulant effect of intravenous injections of heparin in man was 
studied by determining coagulation times at fifteen- to thirty-minute intervals 
for a period of three hours. Coagulation times were determined by the Lee- 
White method with a thermostatically controlled water bath at 37° C. It was 
found that coagulation times were elevated four times the normal (four min- 
utes) one hour after injection and that then they gradually returned to pre- 
heparin levels in three hours. With this to serve as a control, 50 mg. of heparin 
were injected intravenously into ten patients and fifteen minutes later salmine 
was injected intravenously in doses ranging from 15 to 50 milligrams. In the 
patients receiving 40 to 50 mg. of salmine, the elevated coagulation times were 
returned to normal levels within five minutes. 

No toxic reactions were noted in any patient during or after the injections 
of salmine. It is concluded that the intravenous injection of 40 to 50 mg. of 
salmine promptly neutralizes the anticoagulant effect of 50 mg. of heparin and 
that such doses of salmine, when given slowly, produce no reactions. 
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4 SURVIV AL OF TRANSFUSED SICKLE CELLS IN t ^ 0 ^ IA1j 
' SUBJECTS AND OF NORMAD KBD BDOOD CELLS - 
PATIENTS WITH SICKLE CELL ANEMD 

Sheila T. E. Callender, M.D.,* and James F. Nicker A.B., St. Louis, Mo. 

(Introduced by Carl V. Moore, i • 

• I., m, ni the survival of normal led 

This report describes observations made on ( ) . (2) the survival 

blood cells transfused into patients with sick transfused into normal 

of red blood cells from patients with sickle cel anemia tiansn sickle 

subjects, mid (3) the survival of red « H ^by tccSe of differential 

cell trait transfused into normal subjects, j e . ? surv i va l of normal cells 

agglutination was used. By this method, t ie , roughly one-half of 

in normal recipients has been found to be abou - obtained confirm evi- 
the transfused cells disappear withm 60 clays -^J^ffSSherent defect 
dence indicating that the abnormality in sic hle . behavior of erythrocytes 

in the red blood cells and demonstrate a difference n behavior 

from patients with sickle cell anemia and the sic ' 1 , ,, 

Normal red blood cells were transfused into Lplis^v^similar to that found in 
anemia. In all three, the survival of the donoi humoral factor in sickle 

normal subjects. This suggests that there is ne w hich would accelerate 

cell anemia nor any element of increased phagocytosis wbicn 

destruction of normal cells. ,, • 

Four reverse experiments were made using ^j^^-g^pg^ed rapidly from 
and normal recipient subjects. The transfused . within thirty days, 

the circulation; nearly all donor erythrocytes -ne served as a donor and 

In one observation, one patient with sickle cell anemia servea^^ ^ 

another as the recipient; the transfused cells P normal re- 

struction. A crude measure of the S capillary blood, 

cipients was also made by study of sealed, mo spP a b ou t three weeks 

Sickled donor cells could readily be demonstiateci l y 

after transfusion. „ A ., n • 

Blood from four healthy donors with survival 

to normal subjects or to patients wthmddyp^ h sickle cell 

of these cells was distinctly longer than that fiom donois siekle ^ 

anemia. Four weeks after circulation, more 

anemia had largely disappeared from the noii a 1 circulating Since 
than one-half of the sickle cell trait ^throcyt survival rates cannot now 
these observations are currently m piogiess, xne 
he given. 

The results obtained in this study confirm the evidence 
inherent defect in the erythrocytes of patients wi disease. They 

responsible for the accelerated red cell destrue 10 . j iave a i 0 n"er 

also demonstrate ceU anemia when transfused 

survival time than cells this difference in behavior between 

nto normal lecipient su J ■ ^ . related to the ease with which 

sickle cell anemia and sickle cell trait cens » orvttrwvtK w 

■sickling occurs or to some other qualitative difference m the eiythrocytes has 

not yet been discovered. 


•Rockefeller Fellow from the Nuffield Department of Medicine, Oxford, Eng. 
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5. EFFECT OF EXTRINSIC FACTOR, LIVER EXTRACT, AND FOLIC 
ACID ON INDUCED MACROCYTIC ANEMIA OF SWINE 


Robert W. Heinle, M.D., Arnold D. Welch, M.D. (By Invitation), 
Walter L. George, .M.D. (By Invitation), Martin Ebstein, M.D. 

(By Invitation), and Jack A. Pritchard, M.D. (By Invitation) 

Cleveland, Ohio 

Production of macrocytic anemia in a pig by administration of a folic acid- 
deficient diet with added crude folic acid antagonist has been described by 
Welch, Heinle, and colleagues. Subsequent studies show the anemia to be 
associated with megaloblastic hyperplasia of the marrow. 

In a previous report such an animal was shown to obtain a hematologic as 
well as very evident clinical response following the administration of a source 
of extrinsic factor together with normal human gastric juice. The use of the 
latter was probably unnecessary, as demonstrated by later experiments. These 
animals do not develop histamine-fast achlorhydria. 

Following the described response, the same pig was allowed to relapse and 
was given a single injection of 15 units of purified liver extract. This was 
followed by another hematologic and clinical response. 

Another pig with induced anemia received four daily intramuscular in- 
jections of 10 mg. of folic acid. This was followed by rapid and marked 
hematologic and clinical improvement. 

A third pig developed severe anemia and neutropenia and became critically 
ill, appearing to be in a moribund state. Administration of two intramuscular 
injections of 15 units of purified liver extract, 10 mg. of folic acid, and 3d 
mg. of niacinamide caused rapid and marked hematologic and cliuieal improve- 
ment. 

Bethell and co-workers and Welch and co-workers have offered evidence 
that a substance (s) in purified liver extract may contribute to the proper 
utilization of conjugates of folic acid by patients with pernicious anemia in 
relapse. Results obtained in pigs, however, indicate that extrinsic factor and 
purified liver extracts are effective even though folic acid is not available to 
the animal. 

Folic acid and its conjugates are not in themselves extrinsic factor as 
evidenced by the facts that folic acid is effective in pernicious anemia without 
added intrinsic factor and, further, materials free of demonstrable folic acid 
or its conjugates may be potent sources of extrinsic factor. 

It has been demonstrated by several investigators that purified liver ex- 
tracts effective in pernicious anemia arc devoid of significant amounts of folic 
acid. 

In view of recent experimental data, Welch has proposed that folic acid and 
the antipemicious anemia principle of liver may function via unrelated chem- 
ical pathways. While one is reluctant to believe that these substances have no 
direct or sequential relationship, it can be stated that data available at this 
time fail to support the idea of such relationship. 
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6. FURTHER STUDIES OF T1IE IIYPERSPLENIC MECHANISM IN 
HUMAN DISEASE SYNDROMES 

Charles A. Doan, M.D., and Claude-Stark Weight, M.D. 

Columbus, Ohio 

Hypersplcuic syndromes may present as acute surgical emergencies or as 
chronic invalidism and may involve the red cells, and/or neutrophiles, and/or 
thrombocytes. They may reilect pathology inherent and primary in the spleen 
or secondary to some generalized systemic disease. Splenectomy is the only 
satisfactory treatment to date. 

Diagnosis is dependent upon (1) an adecpiate history and supporting phys- 
ical findings (with or without gross splenic enlargement) ; (2) peripheral 
eytopeuia; (3) sternal marrow aspiration showing normal maturation with 
compensatory cellular hyperplasia of all deficient circulating elements; (4) 
an adrenalin test “biopsy” to reveal splenic hypersequestration of all involved 
cell strains. 

The mechanism resulting in more or less profound peripheral cytopenia 
Probably reflects both cellular and humoral factors: Parenchymal cellular 
hypersequestration + excessive concentrations of lysolecithin (or some similar 
lytic enzyme or enzymes) + R-E cell hyperplasia and hyperphagoeytosis = 
hemolytic anemia, neutropenia, and/or thrombocytopenia. That the hyper- 
plastic bone marrow is actually, as well as apparently, functionally effective in 
lts delivery of essential elements may be seen (1) by immediate direct studies 
of living marrow cell preparations and (2) by studies at the operating table 
0 s P|enic artery and vein blood before and after adrenalin induced contraction 
°f this organ. As many as 350,000 platelets have been discovered entering the 
spleen with only 17,000 leaving it, whereas upon adrenalin introduction via 
le splenic artery the splenic vein and peripheral capillaries promptly show 
numbers of platelets leaving the spleen comparable to those carried by the 
artery. Furthermore, supravital scrapings of the freshly removed spleen show 
c u ' ee l microscopic evidence of excessive R-E cell hyperplasia and hyperphago- 
cytosis. I n n i ne pathologic spleens removed for hypersplenism a quantitative 
increase of lecithinase activity was demonstrated by Scheff and Awny in our 
a )oratory in sharp contrast with two normal control spleens. 

Certain clinical and hematologic recurrences of hypersplenism may be 
caused by overlooked accessory splenic tissue, or by its subsequent hypertrophy, 
m by accidentally implanted “splenosis” fragments. Usually the original 
mmatologie syndrome is repeated, but not necessarily. In one of our series of 
- o patients diagnosed on the basis of a hypersplenie mechanism the original 
Problem was that of hemolytic anemia. Splenectomy promptly and permanently 
a eymted this acute critical danger. Eighteen months later a thrombocytopenic 
sfmfr cevelo P c 1 d and surgical re-exploration, after an appropriate diagnostic 
W 7 ’ r ® vea ; ed a 5 gram accessory spleen (extraperitoneal in location at the 
er pole of the left kidney), the removal of which completely, and promptly 
d permanently restored the platelet equilibrium to normal with cessation of 
purpunc manifestations. Recurrences have also been found on surgical 
j*pIorat.onto be due to a generalized R-E cell hyperplasia and hyperpluwo 

tonvftf n V ° 1VmS 1 j ve . r ’ lym P h nodes, and bone marrow, in which ease svmn 
tomatic therapy only i s available. SJ P * 
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The pathologic tissue classification recognized in our series of patients cov- 
ering the past seventeen years, ns studied hv von Ilaam and Awny, are: 


Congenital hemolytic icterus 
Thrombocytopenic purpura 
Splenic neutropenia 
Splenic panliematopenia 


(1) Congestive splenomegaly 

llanti’s syndrome 
Petty’s syndrome 
Acquired hemolytic icterus 

(2) Infiltrative splenomegaly 

Gaucher’s disease 
Xanthomatosis 

(3) Hcmoblastic splenomegaly 

Lymphatic leukemia ' 
Myelogenous leukemia 


rut m .ut v 

72 Ifeeurrences 

02 Accessory spleens 

11 Generalized Il-E cell hyper- 

10 phagocytosis 

SKl'U.VDAl: V 

(I) rntlammatory splenomegalies 
30 Tuberculosis 

3 Syphilis 

0 Moniliasis 
Boeek’s sarcoid 

3 Hodgkin’s syndrome 

1 (3) Neoplastic splenomegaly 

Uetothelio sarcoma 
1 Hemangioma 


3 

3 


1 

1 

1 

1 

3 

1 

d 


The hypersplcnic mechanism, as now conceived, is an adequate explanation 
for a rather wide range of human clinical and hematologic syndromes, hitherto 
considered to be distinct and sharply separated etiologie. entities. 


7. THE PRESIDENT'S ADDRESS 

S. PROGRESS REPORT OX A STUDY OE VASCULAR CHANGES IN 
THE SKIN IN PREGNANCY 

William B. Bean, M.D., Morris W. Dexter, M.D. (By Invitation), Robert 0. 

Cogswell, M.D. (By Invitation), and James Emuick, M.D. 

(By Invitation), Cincinnati, Ohio 

As a continuation of investigations on vascular spiders and palmar 
erythema in chronic disease of the liver, we have observed similar phenomena 
in 1,200 pregnant women, 27S of whom have been followed during pregnancy 
and for at least six weeks after delivery. In the smaller group observed dur- 
ing and after pregnancy there were 207 Negro women and 71 white women. 
Vascular spiders have been found in 60 per cent of the white women and only 
15 per cent of the Negroes, while palmar erythema was found more frequently 
(49 per cent) in white than in Negro women (31 per cent). These signs tend 
to appear during the first two trimesters of pregnancy but may originate during 
the last months of pregnancy. In a control group of nonpregnant women vas- 
cular spiders were found in 16 per cent of the white women and none of the 
Negro women, while palmar erythema was noted in 5 per cent of the white and 
4 per cent of the Negro women. 

Both vascular spiders and palmar erythema tend to fade at the time of 
delivery and in approximately SO per cent of the eases the lesions can no longer 
be detected six weeks after delivery. We have found no significant difference 
in disappearance rate between white and Negro women. Analysis of age, 
season, parity, sex and viability of child, toxemia, and other factors has revealed 
no special relation to the incidence of vascular changes in the skin. Liver 
function tests during and after pregnancy have not been significantly different 
in those with vascular spiders, palmar erythema, or both, and those without the 
lesions. Studies of the excretion of steroid hormones is in progress, but data 
are not yet adequate for evaluation. 
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9. HEREDITARY llEMORRIIAGiC TELANGIECTASIA IN 
ASSOCIATION WITH CEREBRAL MAMi'E&rATIO 
AND PULSION ARY ARTERIOVENOUS ANEURi S. 

Charles F. Williams, M.D. (By Invitation), St. Paul, Minn., and 
Edmund B. Funk, M.D., Minneapolis, Minn. 

Within the last year two cases of hereditary hemorrliagic te^ng^ecl^ia or 
Osier’s disease were encountered on the medical sei vice . cr j ter j a 0 f 

tal. Both patients presented findings which satis y ‘ . • severa j 

Osier’s disease. Both had a family history of repeated epista. is ^ ^ 
members and in two generations. Both had small spu e ° e mouth 

face and neck and some punctate angiomas on the skin an anemic at 

and nose which bled with arterial spurting. The first 

death undoubtedly from chronic blood loss. The secon P‘ " rpj ie 

and mild polycythemia because of a pulmonary artenoveno • 

first patient, who was mentally deficient, had been observed from the age ot 
32 years at the Ancker Hospital. He had never had hyperteimoii .. At thea»e 
of 37 years he had an episode of hemiplegia, after which hosuitalized 

fainting spells and hemiparesis. At the age of 46 years , . he b eeani e 

because of sudden temporary loss of consciousness. Eigi i-.vit it is 

comatose and died in twenty-four hours. No autopsy was obtained, but rt is 

probable from clinical evidence that he had suffered an admitted to the 
arachnoid hemorrhage. The second patient had also been “ . 

Ancker Hospital at the age of 30 years because of convulsions and ^onscrou^ 

ness. A diagnosis of idiopathic epilepsy was made. He ha 110 , iniurv 

until the age of 33, at which time he was hospitalized because of a scalp ju j 
sustained during a convulsion. On auscultation of the ches 
systolic murmur in the second left interspace anteriorly. - 

accentuated by inspiration. Fluoroscopy revealed a pulsating mass m Mhe left 
upper lobe. This mass expanded on deep inspiration and contraeted notice aby 
on the Valsalva maneuver. The effects of respiration and the \ alsalva ma- 
neuver were recorded by planograms. An electroencephalogram was in erpr 
as being in keeping with an ordinary epilepsy and was not focal m tyP e - 
stein has reported a case similar to the first patient. Of the oui ee p 
with pulmonary arteriovenous aneurysms reported on, eight seem to have had 
Osier’s disease also, but only one was reported as such. Patients with pulmonary 
arteriovenous aneurysm reported on have had epilepsy, vertigo, syncope, and 
attacks of numbness and paresthesias of unexplained variety. 

Summary . — Two cases of Osier’s disease are presented Both of the pa- 
tients had cerebral manifestations and one of them also had a pulmonary ai- 
teriovenous aneurysm. 


10. FACTORS INFLUENCING PRESSURE IN THE PORTAL VEIN AS 
MEASURED IN THE INTACT ANIMAL 

F. W. Hoffb.yuer, M.D., J. L. Bollman, M.D., and J. H. Grindlay, M.D. 

(By Invitation), Rochester, Minn. 

The influence of various physiologic factors. upon the pressure in the portal 
vein has been studied in the intact non anesthetized dog. In the past, most de- 
terminations of portal vein pressures have been limited to measurements made 
in the anesthetized animal during operation. Information as to the effect of 
exercise, of ingestion of food, and of straining has not been available. A knowl- 
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edge of sueli influences may have clinical significance in relation to the prob- 
lem of portal hypertension. The problems presented by the existence of such 
collateral venous channels as the gastric and esophageal varicosities in cirrhosis 
may, in some cases, outweigh the problem presented by the hepatic metabolic 
alterations. 

METHOD 

A 24-inch length of flexible polyvinyl chloride plastic tube* of small bore 
(internal diameter, 2 mm.) is inserted into a branch of the splenic vein at op- 
eration. Before the tube is tied in place, it is threaded down the splenic vein 
until the tip is just within the portal vein. The tube is led to the outside 
through a stab wound. In order to record changes in intraperitoneal pressure, 
a thin rubber balloon (capacity, (iO ml.) is placed in the peritoneal cavity. The 
balloon is filled with water and connected to a similar length of plastic tubing. 
Pressure in the inferior vena cava has also been determined by a technique 
similar to that used for the portal vein. A left nephrectomy is performed. A 
plastic tube is inserted through the renal vein. 

The venous cannulae are filled with a citrate solution and the free ends 
are plugged when readings are not being made. This plastic tubing causes 
much less reaction in the lumen of the vein than does rubber or glass. Thrombus 
formation may be delayed by the administration of dicumarol. A free fiow 
of blood from the tube may be obtained for ten to fourteen days, occasionally 
longer. The time interval is sufficient for complete recovery from the effects 
of the operation before observations are undertaken. Pressure readings are 
mado in water manometers attached to the side of the dog by means of a light 
harness. All readings arc made with the animal in the standing position. 


RESULTS 


In normal intact dogs the pressure in the portal vein varies from 4 to 
10 cm. of water. The pressure in the inferior vena cava is 0, or occasionally 2 
cm. below atmospheric pressure. Exercise produces no significant increase in 
portal pressure. The straining that accompanies urination, defecation, and 
vomiting produces sharp increases in the portal pressure. This is associated 
with increases in intra-abdominal pressure and in inferior vena caval pressure 
as well. 


The ingestion of food produces an increase in portal vein pressure that per- 
sists for several hours. Initially this is associated with a rise in intra-abdominal 
pressure. The latter returns to the original level before the portal vein pres- 
sure does. There is a period following tire ingestion of food during which the 
elevation of portal pressure appears to be unopposed by other forces. 

Acute liver damage resulting from exposure to carbon tetrachloride vapor 
does not appear to be associated with a portal hypertension despite the fact 
that such livers appear congested upon examination. Such animals have shown 
a normal portal vein pressure response during exercise. 

It is hoped that observations by this method in the intact animal may 
prove useful in studying the relationship of portal vein pressure to develop- 
ment of collateral venous channels and to ascites formation. It should also 
be possible to evaluate the reduction of portal pressure brought about by sur- 
gically created venous shunts in experimental cirrhosis. 


.mi,, nla^tic tubing used in these experiments is manufactured under the trade name 
"Transflex” and wm furnished by the courtesy of Irvington Varnish and Insulator Company, 
Irvington, N. J. 
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11 TREATMENT OF ENDOGENOUS 11YPOVITAMINEMIA A IN 

LIVER DISEASE 

Hans Popper, M.D., Frederick Steigmann, M.D., and Hattie A. Dyniewicz, 
Pii.C. (By Invitation), Chicago, III. 

Previous experiments have shown that the vitamin A ^er'is 

disease is altered in several ways. The release of vi hermtic vitamin’ A 

disturbed since in acute liver disease, despite consider Me hepatic vitamin ^ 

stores, the plasma vitamin A drops rapidly. Tins demonstrated 

release is due to displacement of vitamin A within t le . , intestinal ab- 

by fluorescent microscopy. Another disturbance is P . . 1 a( ] m i n . 

sorption as indicated by the flat vitamin A tolerance eur^ ^tw oi^admin^ 
istration of vitamin A. The endogenous natuie of t jp . treme ly 
liver disease noints therefore to the necessity of administenn 0 extiemeij 

correction of the faulty ntest.nal absorptton. 

Administration of bile acids did not alter the flat tolei ance • 

In more recent experiments the administration of ^ 

oil, and a fat-soluble antioxidant did iwt signifieantiy op ^^aily lage t e 
tolerance curve in hospital control subjects or in pa ie , „ 

The administration of 50 mg. of mixed toeopherols snmdtaneously or for sev- 
eral days prior to the administration of 75,000 units of vitamin A also did not 
raise the curve significantly. This was confirmed by experiments on vitamin 
A-deficient rats which the hepatic vitamin A concentration after feedrng 
of one dose of vitamin A was not influenced by the simuitaneous atomist 
tion of tocopherol. In contrast, the hepatic vitamin A concentration aite 
administration of repeated doses of vitamin A is far higher ™ th p latte f 

supplements of tocopherol. This points to a protecting mechanism of the latter 

within the liver. . 

Following recent reports about improved absorption of aqueous vitamin 
A preparations, the vitamin A tolerance curve was compared after admin- 
istration of vitamin A in oil and in aqueous solution containing sorbitan mono- 
laurate derivative as dispersing agent and propyl gallate as antioxidant. In 
twenty hospital control subjects and thirty-six patients with various liver 
disease (most of them with low plasma vitamin A), the tolerance cuive aftei 
administration of 30,000, 75,000, or 600,000 units of vitamin A was much 
higher with the aqueous than with the oily solution, independent of the order 
of administration. The flat vitamin A tolerance curve in liver disease was thus 
raised to peaks above those found in hospital control subjects after administra- 
tion of equal amounts in oil. The administration of aqueous vitamin A prepara- 
tions therefore appears suitable for compensating the faulty absoiption oi 
vitamin A caused by liver damage. 


12. STUDIES IN NITROGEN METABOLISM 

D. Kozoll, M.D., and W. T. Mok, M.D. (By Invitation) 

Chicago, III. 

Influence of Oral and Intravenous Administration of Amino Acids Upon 
Nitrogen Balance. — A varied opinion exists as to the relative effectiveness of 
amino acids given by mouth and by vein, most workers indicating a slight ad- 
vantage of the latter. Our clinical experience differed, and for that reason a 
study was carried out in which eight patients were given identical amounts of 
the same amino acid preparation by vein and by mouth and the nitrogen bal- 
ance achieved compared. Each patient was kept on a 2,000 calorie diet which 
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was virtually nitrogen free for the entire period of study. For periods of five 
days each the patients were given quantities of a lvophilized amino acid prepa- 
ration* intravenously and then the same quantity was given for another five- 
day period orally. In three of eight patients, oral administration produced a 
positive balance at the level of amino acids given, whereas the same quantity 
intravenously did not. In seven of the eight patients, the nitrogen balance dur- 
ing periods of oral administration was significantly higher than during equiva- 
lent periods of intravenous use. In one patient, in whom both routes produced 
positive balance, that produced by the intravenous route was significantly 
higher. This evidence indicates the advantages of the enteral route of admin- 
istration of protein digests wherever possible. 

Influence of Caloric Intake Upon Xilrof/cn Balance . — There has been estab- 
lished a concept that the degree of nitrogen balance will he greatly influenced 
by the calorie intake. Actually, few studies have investigated this particular 
point. In five patients a constant quantity of lyophilized amino acid prepara- 
tion t was administered intravenously daily for five periods; tin’s dose was cal- 
culated barely to approach nitrogen equilibrium. During each five-day period, 
the oral calorie intake, which consisted of a carbohydrate diet, almost free of 
protein, was varied between 500 and 3,000 calories. It was found necessary 
to administer a minimum of approximately 1,000 calories per day during each 
period to produce nitrogen balance. However, in no instance did an increase 
in the calorie intake beyond 1,000 calories lead to a consistently more positive 
nitrogen balance. This supports previous observations in which no consistent 
correlation could he made between the caloric intake of a given patient and 
the nitrogen balance achieved. 


•Provided by the Interchemical Corporation and prepared for intravenous use. 
f Interchemical Corporation. 
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13. PENICILLIN IN THE TREATMENT OP ACTINOMYCOSIS 

Donald R. Niciiols, M.D., and Wallace E. IIerrell. M.D. 

Rochester, Minn. 

An appraisal of the value of penicillin in the. treatment of actinomj eosis 
is reported. The report is based on a review of ninety-eight cases of . m • il - 
facial, pulmonary, abdominal, and pelvic infection. The perio o . 

of these patients varied from one year to five years. Forty-five pa len s i 
penicillin; fifty-three patients did not receive it. 

Of the group of patients suffering from maxillofacial actinomycosis, 
twenty-six received penicillin and twenty-five did not. Examination of the 
results reveals that the number who recovered was approximately equal m Dot 
groups (in excess of 90 per cent) . However, the period of disability of thos 
patients who received penicillin was markedly shortened. H ui eimoie, ie 
sinuses healed within a short period after the institution of penicillin therapy. 

Prom the standpoint of comparison between those patients who received 
penicillin and those who did not, the most striking results occurred m t ie 
pulmonary, abdominal, and pelvic infections. Nine patients suffering iiom 
pulmonary actinomycosis received penicillin. There were five recoveries and 
four failures. Of the thirteen patients suffering from pulmonary actinomycosis 
who were untreated or received treatment other than penicillin, seven died, five 
still had evidence of disease when last heard from, and only one showed evidence 
of improvement. Of seven patients with abdominal actinomycosis who were 
treated with penicillin, five recovered and two did not. Of fourteen patients 
suffering from abdominal actinomycosis who did not. have the benefit of 
penicillin therapy, nine died, four still had evidence of disease when last heard 
from, and only one was said to have recovered. There were three patients 
suffering from actinomycosis involving the pelvic viscera, all of whom recov- 
ered after surgical drainage and penicillin therapy. There was one patient 
with pelvic actinomycosis in whom penicillin was not used. The treatment em- 
• ployed was not effective. Prior to the introduction of penicillin therapy, in- 
stances of pelvic actinomycosis in which cures were obtained were, in our ex- 
perience, rarely if ever encountered. 

The diagnosis of actinomycosis in each case was made by means of direct 
examination or culture of pus or of material obtained at operation. All strains 
of Actinomyces bovis cultured were found to be sensitive to the action of 
penicillin in vitro. 


1-105 
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14. EFFECT OF PULMONARY EDEMA ON SUSCEPTIBILITY OF 
MICE TO PNEUMOCOCCAL PNEUMONIA 


Carl Cl. Harford, M.D., and Mary N. I Taka, A.B. (By Invitation) 

St. Louis, Mo. 


Previous experiments have demonstrated that type I pneumococci are 
eliminated rapidly 1 'rom the lung of the normal mouse hut grow in the lung 
containing an influenza viral lesion. Histologic examination of the influenza 
viral lesion in the mouse has shown the presence of imra-alveolar fluid. The 
object of the present experiments was to determine whether this fluid could 
serve to explain the observation of growth of pneumococci in the viral lesion. 

Advantage was taken of the facts determined by others, that in the normal 
animal, protein-containing fluids are removed slowly from the alveoli while 
crystalloids are absorbed within a few minutes. In confirmation of this slow 
removal, we have demonstrated in tissue sections that normal mouse serum in- 
stilled into the alveoli of normal mice will persist there for at least five hours. 

Accordingly, normal serum or saline was given by intrabronchial cannula 
to groups of mice which then were allowed to inhale fine droplets of type I 
pneumococci and were observed for survival. In another experiment, the pneu- 
mococci were suspended in the inoculum of serum or in Locke’s solution for 
control and the number of pneumococci in the left lobe of the lung determined 
three horn's later in poured blood agar plates. 

The results of all experiments indicated that the presence of serum in the 
alveoli rendered the mice more susceptible to fatal pneumococcal infection and 
interfered with the normal mechanism for elimination of pneumococci. 

The manner of action of serum in the alveoli seems likely to be a combina- 
tion of three factors: (1) interfering with surface phagocytosis, (2) providing 
a means of spread of pneumococci throughout the lung in the same way as the 
edema fluid of established pneumococcal pneumonia, and (3) supplying a cul- 
ture medium for bacterial growth. 

The experiments give evidence supporting the theory that the presence 
of alveolar fluid is an important factor in the mechanism by which the in- 
fluenza viral lesion lowers resistance of the lung to secondary bacterial infection. 
The results suggest also that pulmonary edema in man due to any cause may 
bring about a greater susceptibility to pathogenic bacteria and pneumonia. 


15. SURFACE PHAGOCYTOSIS OF TYPE III PNEUMOCOCCUS 

W. Barry Wood, Jr., M.D., and Mary Ruth Smith, M.S. (By Invitation) 

St. Louis, Mo. 

Surface phagocytosis, a defense reaction of the host unrelated to humoral 
immunity, has recently been shown to play an important role in the mechanism 
of recovery in acute bacterial pneumonia. Since type III pneumococcus pro- 
duces a particularly virulent form of pneumonia, its behavior toward leucocytes 
lias been studied both in vitro and in laboratory animals. Although experi- 
mental type III pneumonia in rats has been found to resemble type I pneu- 
monia both in -regard to pathogenesis and response to chemotherapy, it differs 
from the latter in that it frequently causes multiple lung abscesses. Also certain 
strains of type III pneumococcus, when given to mice via the respiratory tract, 
are less effectively destroyed in the lung and cause a significantly higher fatal- 
ity rate. 
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A plausible explanation for the greater virulence of these type III pneu- 
mococci is suggested by the fact that they arc more resistant to surface phago- 
cytosis than is the type I organism. Evidence has been obtained that the in- 
creased resistance to surface phagocytosis is related o le piesenc c 
culiar outer capsule or ‘‘slime layer” possessed only iy ' e llo i !. y ,, 
strains of pneumococcus III. The slime layer stains me acnoma ic 
methylene blue and is present only on the surfaces of young, 1 | 1 P 1C ^. nm 
plying organisms. When the slime layer is lost with age, t ie iae eiia 

loses its resistance to surface phagocytosis. 

Of particular interest is the fact that pneumococcus type III loses its s ime 
laver in vivo during chemotherapy. Once the outer layer is lost, t e type 
organism, like other encapsulated bacteria, is phagoeyted by the surface 
mechanism and is ultimately killed and digested by the phagocytic ce s. iese 
findings would appear to explain certain well-established clinical observations 
concerning type III pneumococcal infections, particularly in regard to miu- 
lenee and response to chemotherapy. 


16. ANTIHYALURONIDASE ACTIVITY IN HUMAN SERUM WHICH 
INACTIVATES THE HYALURONIDASES OF TYPES I, II, AND 
VII PNEUMOCOCCI ; RISE IN TITER FOLLOWING 
PNEUMOCOCCUS BACTEREMIA 

Robert T. Thompson, M.D., Cincinnati, Ohio 
(Introduced by M. A. Blankenhorn, M.D.) 

A preliminary report on this subject was read at these proceedings two 
years ago. At that time rises in titer of antihyaluronidase activity which 
antagonized the hyaluronidases of types I, II, and VII pneumococci^ weie le- 
ported in serial sera of five patients following pneumococcus bacteremia. These 
rises in titer occurred eight to twenty days after bacteremia and were not type 
specific. Further work on this problem, using the mucoprotein clot prevention 
test (McClean, 1943) as before, is reported here. 

Including patients in the previous report, the serial sera of twenty-six 
patients with primary pneumocoecic pneumonia had initial serum taken within 
three days of admission to the hospital. Results in these patients are reported 
here to indicate the occurrence of antihyaluronidase activity in the course of 
pneumocoecic pneumonia. 

None of seven patients with negative blood culture exhibited more than 
twofold rise of antihyaluronidase titer. Serial sera of two patients were titrated 
against the three enzymes, serial sera of four patients were titrated against 
two enzymes, and serial sera of one patient were titrated against one enzyme. 
Changes of antihyaluronidase titer found in these fifteen titrations were one- 
fourth-fold once, one-half-fold four times, no change five times, and twofold 
five times. 

Eight of eleven patients with pneumococcus bacteremia and no purulent 
complication exhibited rises of antihyaluronidase titer which were fourfold 
or greater. Serial sera of all these patients were titrated against the three 
enzymes. Rise of antihyaluronidase titer found in these thirty-three titrations 
were no change once, twofold seven times, fourfold six times, eightfold eleven 
times, and sixteenfold eight times. 



140S 


CENTRAL SOCIETY" FOR CLINICAL RESEARCH 


All of eight patients with pneumococcus bacteremia and purulent com- 
plications exhibited rises of anlihyaluvonidase which were fourfold or greater. 
Serial sera of all these patients were titrated against the three enzymes. Rises 
of antihvaluronidase titer found in these twenty-four titrations were four- 
fold six times, eightfold five times, sixteenfold three times, thirty-twofold three 
times, and sixtv-fourfold or greater seven times. 

One patient with mesothelioma of pleura complicated by pneumococcic 
empyema and another patient with pneumococcic meningitis secondary to 
otitis media had rises of antihyaluronidase titer. 

These rises of antihyaluronidase titer probably signify excessive elabora- 
tion of hyaluronidase by the invading pneumococci, since the antigenicity of 
hyaluronidases has been demonstrated by McClean (1943). Uyaluronidases 
act as spreading factors (Chain and Duthie, 1939) so that this elaboration of 
hyaluronidase may explain the excessive morbidity and mortality of bac- 
teremic pneumococcic pneumonia. 

17. EXPERIMENTAL AND CLINICAL INVESTIGATIONS ON THE 
SPECIFIC TREATMENT OF HUMAN BRUCELLOSIS* 

Wesley- W. Spink, M.D., Wendell H. Hall, M.D. (By' Invitation), James 
Shaffer, M.D.f (By Invitation), and Abraham I. Braudie, M.D. 

(By Invitation), Minneapolis, Minn. 

The fundamental requisite of successful therapy in human brucellosis is 
that brucella should be eradicated from the tissues. With this principle in 
view, this report summarizes a series of investigations which have been under 
way in the laboratories and clinics of the University of Minnesota Hospitals 
during the past ten years. 

An excellent method for rapidly screening potential therapeutic agents 
has utilized fertilized chicken eggs infected with a virulent culture of Brucella 
abortus via the yolk sac. Uniformly lethal infections were established in 
seven-day embryos. With the inoculum used, 50 per cent of untreated controls 
were dead six days after infection, and 100 per cent, nine days after infec- 
tion. When sulfadiazine was introduced into the sac twenty-four hours after 
the brucella, 50 per cent survived twelve days or more after infection. When 
streptomycin was injected, 50 per cent of the embryos survived nine to eleven 
days. When the embryos were treated with a combination of sulfadiazine and 
streptomycin, 50 per cent survived nine to eleven days. An important feature 
of these observations was not only the protection afforded by these agents, but 
also the results of cultural studies of the tissues. Brucella were recovered from 
all untreated controls. Sulfadiazine-treated embryos, when sacrificed, revealed 
brucella present in 90 per cent, while 77 per cent of the streptomycin-treated 
eggs contained brucella. Embryos receiving sulfadiazine and streptomycin 
showed brucella present in the tissues in only 13 per cent. 

The foregoing data have correlated remarkably well with the results of 
therapy in patients having active brucellosis. Since an evaluation of treatment 
in this disease is dependent upon bacteriologieally proved eases, studies have 
beeu carried out on thirty-five individuals from whose tissues or body fluids 


•Aided by a grant from the United States Public Health Service. 

•{Research Fellow In Chemotherapy under a grant from Commercial Solvents Corporation. 



1409 


brockedings ok twentieth annual meeting 

brucella have been isolated. Br. abortus j^ C \fpeei a l\y sulfadiazine, 

tients and Brucella mclitcnsis lroni two. treatment complete re- 

w» «1 »!»»« !“ twenty with stropto- 

tovery oceumd in only si\ paticntb. fe I t | lose obtained with sulfa- 

mycin and the results were less satistactoiy sulfadiazine and 

diazine. Nine patients have been treated m su bacute bac- 
streptomycin with quite satistactoiy icsu s. P tel V except for a residual 

terial endocarditis due to Br. abortus rccovere treatment One patient 

vertigo, and has remained well for four months af or treatment u I 
with a severe and disabling _ spondylitis recovered piomptl^. ^ ^ 1 
dose of the two agents awaits further stu . ics. ^ cte J intra muscularly every 
mended that 0.5 6m. of streptomycin sliou . nv w jth sulfadiazine is 

six hours for seven days for a total of 14 grams. The apy 'Uttt sm 

started at the same time with an initial and clinical in- 

four hours for two to three weeks. In conclusion, c ^™ t in and sulfa- 
vestigations indicate that the simultaneous - fi therapy for brucellosis 

diazine wiU provide a more satisfactory form of specific tneiapy 

than has been described to date. 

18. SIGNIFICANCE OF COPROANTIBODY EXCRETION DURING 
ENTERIC INFECTION* 

Preston E. Harrison, M.D., Ph.D. 

Houston, Texas 

(Introduced by James A. Greene, M.D.) 

A study was made of fecal antibody excreta from 

and shigella infections. Diarrheal and dysen er f coproant ibody 

St^SSu^s^S tit ? ion ai -i-^ultures 
Sdtn^S 1 peiTent 8 ' 6 Co^oantLVfor P the homologous ™ 

tient. The antibody was present as early as the third day reached ^ 

the tenth day, rapidly declined ^ ^^asir^whkhclinical recovery was 
appeared during convalescence. In those cases m v -neriod 

not obtained, coproantibody persisted throughou about the time re- 

Circulating antibody pelted 

Coproantibody titration pro- 
uuung cue remamuer or e . , t £ 0 u 0W i n <r a good chemotherapeutic 

vided a measure of efficacy of therapy in mat cun o ° „ w 

response coproantibody titer rapidly declined and dis PP contrast 

came negative and after recovery definitely was established. In contrast, 

coproantibody persisted when clinical recovery was not obtained. 

Coproantibody could be demonstrated only during active infection, or 
clinical activity of disease, and was not present m earners who showed no evi- 
dence of infection. In chronic ulcerative colitis coproantibody for one or more 
species of shigella, and often for species of salmonella, Mas present dui mg epi- 
sodes of exacerbation of symptoms. 

vailed by a grant from the Committee on Scientific Research of the American Medical 
Association. 
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19. RESULTS OF VACCINATION AGAINST EPIDEMIC INFLUENZA 
DURING THE SPRING OF 1947 

Clayton G. Looser, M.D., Ph.D., James A. Scuoexukegku, M.D. (By Invita- 
tion), and G. Barnett, M.S. (By Invitation), Chicago, III. 

In the fall of 1946, a study was organized to test further the prophylactic 
value of vaccination against epidemic influenza. Two thousand twenty students 
living in university houses were employed. Seven hundred ninety were vac- 
cinated and 1,230 served as control subjects. Three different commercial in- 
fluenza vaccines, containing 50 per cent Lee, 25 per cent PR-S, and 25 per cent 
Weiss strains and prepared by the red cell eluate, calcium phosphate adsorption, 
and high speed centrifugation methods, respectively, were used. The number of 
students receiving the three vaccines was approximately the same. Vaccina- 
tions, given in the dormitories, were begun November 6 and completed December 
G, 1946. The immune response to the three vaccine preparations was approx- 
imately the same as determined by the Salk modification of the Hirst chicken 
red cell inhibition agglutination test. 

A sharp increase in the incidence of acute respiratory disease characteristic 
of mild influenza occurred among the student population during the first week 
of March, 1947. Antibody determinations for influenza A virus (PR-8 and 
Weiss strains) showed an increase in titer in convalescent sera from a portion 
of the unvaccinated patients admitted to the hospital. During the period of 
increased incidence (March 2 to April 5, 1947), the attack rate was the same 
(9.5 per cent) in the vaccinated (seventy-five) and unvaecinated (117) groups, 
with 2.5 per cent (twenty) and 2.36 per cent (twenty-nine), respectively, being 
admitted to the hospital. 

Two strains of influenza virus, found to be closely related, were isolated 
from throat washings employing the egg technique. The sera of some of the 
patients admitted to the hospital, both from the vaccinated and unvaecinated 
groups, showed a marked rise in antibody titer against these strains. Antibody 
titers for influenza A virus (PR-S) in Hie acute sera of patients admitted from 
the vaccinated group were only slightly lower than the postvaceination levels. 
Sixty pairs of pro- and postvaceination sera were again tested for antibodies 
against the PR-8, Weiss, and Lee strains of virus as well as the new strains. 
There was an average of fourfold or greater rise in titer against the former 
and none against the latter. This shows that there was no close antigenic re- 
lationship between the new strains causing the epidemic and those malting up 
the vaccine. This would explain the lack of effect of the vaccine in this out- 
break of influenza. The problem of control of epidemic influenza in the light 
of the foregoing findings is discussed. 


20. THE ROLE OF THE ADRENAL GLAND IN IMMUNE 

MECHANISMS 

Benjamin C. Houghton, M.D., J. S. Thatcher, M.D., and 
Carolyn Hilles, Columbus, Ohio 

(Introduced by C. A. Doan, M.D.) 

Interest in the relation of the adrenal cortical hormone to the development 
and release of antibody globulin has been revived in recent years by the work 
of Dougherty, White, and associates. These authors have reported producing a 
remai'kable augmentation of circulating antibody titers by the administration of 
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single large doses of adrenal cortical hormone to immunized animals. The 
anamnestic effect of this hormone exceeded, but was comparable to, , t e meiease 
in immune titers induced by nonspecific protein and specific antigen a min- 
istration. Since pituitary adrcnotrophic hormone was also effective m this 
respect, it was suggested that the release of antibodies is a phenomenon me 1 
ated by the activity of the adrenal cortex. The concurrent reduction in o a 
lymphatic tissues observed in treated animals led to the conclusion a 
dissolution of lymphocytes effected by the concentration of adrenal lormone 
yields antibody globulin to the component proteins of plasma. 

The question advanced by this work relates to the effect of the a rena 
cortical function on the (1) formation, (2) release, or (3) distribution ot an i- 
body globulin. For the purpose of studying the hormonal effects upon 
formation of immune bodies, two groups of cats were employed as experimenta 
animals. One group was given suspended, washed sheep erythrocytes intra- 
venously. The other group was adrenalectomized, maintained on. 1 mg. o 
DOGA daily until adequate equilbrium was established,, and then immunize 
against sheep erythrocytes in an identical manner. Titers of immune body 
developed in both groups without significant difference. Symptoms oi anapny- 
laxis were exhibited by both groups upon re-exposure to antigen. . Sodium ion 
levels were maintained without change in the adrenalectomized animals 
throughout the experimental period. 

To study the effect of cortical hormone on the release or distribution of 
antibody globulin, three groups of immunized animals were used. These con- 
sisted of normal rabbits, normal cats, and adrenalectomized cats maintained 
on desoxycorticosterone acetate. Each group was subjected to a large smgle 
intravenous injection of whole adrenal cortical extract (Thatcher and Hart- 
man) . No augmentation of titers was observed at three, six, nine, or. twelve 
hours, or subsequently. Realizing the possible differences in preparation, re- 
finement, and content of hormone, this experiment was repeated using Wilson s 
whole cortical extract. Results were identical. 

It is apparent, therefore, that the adrenal cortical hormones do not either 
affect the capacity of the animals to form immune bodies when exposed to anti- 
gen nor alter the titers of such immunity when it is established. 

Hematologic studies carried out concurrently on. normal immunized and 
adrenalectomized cats revealed wide individual variations in total lymphocyte 
levels. These levels, high or low, bore no relation to the capacity to form or 
maintain titers of immunity. 

21. INSULIN DEPRESSION AND CARBOHYDRATE EXCITATION OF 
THE PANCREATIC ISLETS OF LANGERHANS 

Jerome W. Conn, M.D., and Stefan S. Fajans, M.D. (By Invitation) 

Ann Arbor, Mich. 

Patients suffering from periodic spontaneous hypoglycemia produced by 
secreting islet cell tumors do not all yield the same blood sugar response to a 
test dose of glucose. About one-half of such patients have responded with 
a hyperglycemic, plateau (diabetic) type of curve, while the others have shown 
a normal or subnormal initial elevation of the blood sugar, followed by a rapid 
fall to hypoglycemic levels. Fasting hypoglycemia has been common to both 
groups. The discrepancy has aroused abundant speculation. 

Our recent studies upon such patients have suggested that: (1) The pres- 
ence or absence of the diabetic type of curve is dependent upon the functional 
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state of the islets of the pancreas proper. (2) The functional state of the pan- 
creatic islets is conditioned by the intensity of the hyperinsulinisni produced 
by the abnormal tissue; the more severe the hyperinsulinisni, the more likely 
is pancreatic depression and a diabetic type of curve. (3) The amount of 
carbohydrate in the antecedent diet exerts an important influence upon the re- 
sponse. 

The present experiments were designed to test these tentative conclusions. 
Dogs on constant diets were chronically hyperinsulinized with large daily doses 
of protamine zinc insulin for periods of four to eight months. Daily fasting 
blood sugar was maintained between 20 and 40 mg. per cent. Four-hour glu- 
cose tolerance tests were done weekly under a variety of conditions. The same 
animals were then made diabetic with alloxan, again hyperinsulinizcd as be- 
fore, and the same experiments repeated. Differences in results before and after 
alloxan can be attributed to the presence or absence of the beta cells of the islets 
of Langcrhans. 

The results indicate : 

1. The secretion of insulin by the pancreas can he greatly inhibited by 
long-continued administration of exogenous insulin, hut sufficient insulin to 
produce severe, chronic hypoglycemia is required. Under these circumstances 
the blood sugar response to a test dose of glucose is of the diabetic type, even 
though there is sufficient steadily absorbed insulin acting during the test to 
have produced intense and prolonged hypoglycemia when no glucose was given 
over a similar test interval. 

2. A small amount of insulin given intravenously at the height of the dia- 
betic response to glucose produces a precipitous fall of the blood sugar. Thus 
the ability of the animal to respond normally to a sharp rise of the blood insulin 
level remains intact. 

3. Insulin-inhibition of endogenous insulin production can be overcome 
in a few days by the administration of large amounts of carbohydrate despite 
continuation of the inhibiting dose of insulin. The hypoglycemic phase of the 
tolerance curve is restored. 

4. Following alloxan destruction of the beta cells and the reinstitution of 
hyperinsulinisni the blood sugar response to glucose is diabetic in type in the 
presence of the steady absorption of depot insulin. The precipitous fall of the 
blood sugar upon intravenous administration of insulin at the height of the 
blood sugar curve is again obtained. However, prolonged administration of 
carbohydrate in the presence of continued exogenous hyperinsulinisni now fails 
completely to alter the fixed diabetic, plateau response to a test dose of glu- 
cose. 

5. The former ability of the animal to convert an insulin-induced diabetic 
response to a normal one under the influence of high carbohydrate feeding is 
completely lost when the beta cells have been destroyed and are no longer 
capable of being stimulated to activity by high carbohydrate feeding. 

6. The hypoglycemic phase of the glucose tolerance curve is dependent upon 
an active and rapid release of insulin into the blood stream in response to the 
physiologic stimulus for such release. This functional capacity of the beta cells 
can be depressed by exogenous insulin and awakened by high carbohydrate 
feeding, and the final response (within the limits of these experiments) is de- 
pendent upon the relative intensities of the depressing and awakening stimuli 
acting simultaneously. 
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22. THE DIFFERENTIATION Ob' INCIPIENT 


HYPERTHYROIDISM 


Roy E. Swenson, M.D. (By Invitation), and Geohoe M. Cuktis, M.T). 

Columbus, Ohio 

The protein-bound blood iodine is of value in recognizing incipient hyper- 
thyroidism associated with endemic goiter. It is a useful diagnostic tool in 
differentiating other conditions associated with an elevated basal metabolic rate, 
particularly when goiter is present. 

For the region of Central Ohio, the average normal basal metabolic l'ate is 
-5 + 8 per cent, while the average normal protein-bound blood iodine concentra- 
tion is 0.88 ± 0.2 micrograms per 100 milliliters. 

When 178 patients with untreated, uncomplicated nontoxic nodular goiter 
were grouped according to standard deviations from the average normal basal 
metabolic rate, it was found that the average protein-bound blood iodine pro- 
gressively increased with each increment of the basal metabolic rate. A 
significant number of patients had basal metabolic rates of +3 per cent or above 
and protein-bound blood iodine concentrations of 1.2 mierograms per cent or 
above. 

Of the uncomplicated eases, 66.8 per cent had symptoms suggestive of 
hyperthyroidism and of these, 70.6 per cent had elevated protein-bound blood 
iodine concentrations, while only 47 per cent had elevated basal metabolic rates. 
The protein-bound blood iodine was a better index of thyroid function than 
the basal metabolic rate alone. Symptoms listed according to their significant 
correlation to an elevated protein-bound blood iodine are : a pulse of 90 or more 
per minute, palpitation, weight loss, weakness, nervousness, and emotional in- 
stability. Of those with symptoms, 34.5 per cent had elevated protein-bound 
blood iodide concentrations associated with basal metabolic rates below +3 per 
cent. Here the incipient hyperthyroidism was unmasked by determination of 
the protein-bound blood iodine. 

Because of the significantly elevated protein-bound blood iodine and the sig- 
nificant incidence of symptoms suggestive of hyperthyroidism in those patients 
with basal metabolic rates of +3 per cent or above, it is our conclusion that 
incipient hyperthyroidism is present in those patients with nodular goiter hav- 
ing (1) Basal metabolic rates of plus 4 per cent or above and protein-bound 
blood iodine concentrations of 1.2 mierograms per cent or above; (2) symp- 
tomatology suggestive of hyperthyroidism and a protein-bound blood iodine con- 
centration of 1.2 mierograms per cent or above. 

The basal metabolic rate is frequently elevated in association with certain 
cardiovascular diseases. When goiter is present, the protein-bound blood iodine 
ls a useful diagnostic aid in evaluating thyroid function. 
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23. INHIBITION OF THE PRESSOR RESPONSE TO EPINEPHRINE 
INJECTION IN COMPLETE ANOXIA 


A. Suimsinx, M.D. (13v Invitation), S. Roduakd, .M I). (Bv Invitation), and 

Tj. N. Katz, 3I.D., Chicago, III. 

We have recently observed an unexpected inhibitory effect of complete 
anoxemia on the pressor response to epinephrine. In the normal dog, an in- 
jection of 0.5 mg. of epinephrine intravenously causes a marked rise in arterial 
pressure which occurs within a few seconds and gradually diminishes during 
the next few minutes. 

In open-chested dogs which are placed on pure nitrogen breathing, the 
oxygen tension of the blood falls very rapidly from normal to values approach- 
ing 0 volumes per cent within ninety seconds. During this period of develop- 
ing anoxia the blood pressure tends to rise about 40 nun. Hg above the control 
level. The pressure then begins to fall steadily and this continues until death 
occurs, unless air breathing is resumed. When air breathing is reinstituted in 
the control experiments, a sharp postanoxie rise in arterial pressure is observed, 
this rise being somewhat similar in form to that seen after epinephrine injection 
in control animals. 

The injection of 0.5 mg. epinephrine intravenously during the period of 
rising blood pressure in developing anoxia results in only a markedly dimin- 
ished and very transitory rise in arterial pressure. If the anoxia is continued, 
the pressure falls as in the control anoxia experiments. If the injection is given 
after the pressure has started to fall in the advanced anoxic stage, epinephrine 
has no pressor effect and the late anoxic pressure decline continues. Rcinstitu- 
tion of air breathing now results after a brief delay in a typical epinephrine 
effect with the pressure rising to higher levels than those seen in the control post- 
aiioxia rise. 

These results suggest that in conditions of extreme anoxia such as might 
be seen in drowning or other forms of extreme asphyxia, the injection of 
epinephrine may lead to no change in arterial pressure inasmuch as the cardio- 
vascular system seems to be incapable of responding to this pressor agent. As 
a matter of fact, our results show that under these conditions of extreme anoxia, 
endogenous pressor states exist which, upon the administration of oxygen in 
adequate amounts, would in themselves cause a marked rise in arterial pressure. 
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24. THE ROLE Ob’ ARTERIAL PRESSURE CIIANGES IN THE 
INDUCTION OF EPIXEPIIR1NE-C\ CLOI ROPA: L 
IDIOVENTRICULAR RHYTHMS 

0. K. Moe, M.D, S. D. Mai.ton, M.D. (Bv Ixvrr.mox), Wautm. Feeveuecer, 
B.S. (Bv Invitation), and Baeeaea Bennick, M S. (B\ I- , - ) 

Ann Arbor, Alien. 

Ventricular cslrasysloles, ventricular taeliycardia or ™‘‘™ u l“ b fdoses 
tion can be regularly produced in dogs undei eje op P ' Although the 

of epinephrine ranging from 1.0 to 10 micrograms pi f -i?i 10nzv i B-chlorethyl- 
exact mechanism is unknown, it has been observed that < Iibenzjl B ch meti ayi 

amine (Dibenamine) , which “reverses” the pressor action the heart 

does not abolish its chronotropic and inotropic c ns, 1 . a ],] e to 

against epinephrine-induced idioventricular rliyt inis. rbvthms because 

demonstrate that Dibenamine prevents ventricular ectopic ihjthms because 

it prevents the pressor response to epinephrine. , , au _ 

In dogs, doses of epinephrine wliicli regularly _ P™^^ 
tomatism in the control periods failed to do so aftei thoracic aorta 

.115 ,o 20 f*. per kilogram o£ Dtaam,,,.- 

which raised arterial pressure by n0 to tuu ran ■?’ nin p f i ose<3 0 f 

idioventricular discharges in the Dibenannnized animal, , . ven t r i C ular 

epinephrine were followed within ten seconds bv a , . ' P f a p e( j to 

tachycardia resulted. After larger doses of epinephi . e neatedlv bv 

arouse ectopic foci, ventricular tachycardia could be induced lepeateem nj 

occlusion, and terminated by release, of the aorta. _ r.nntrnllpd 

In other experiments without Dibenamine, arterial P , ^ 0 f 

by means of a pressure stabilizer attached to the \ he stabilizer was 

epinephrine which regularly established ventriculai fo „ 

clamped off failed to do so when the pressor response was ° 

the stabilizer. For example, in one experiment 2 mic rograma jei kdoRiam 

caused a rise of pressure and ventricular tachjeaidia normal 

stabilizer closed, but 16 micrograms per kilogram failed to distuib the normal 

sinus rhvthm with the stabilizer open. . . P 

Although a rise of arterial pressure greatly facilitates the induction of 
idioventricular activity by epinephrine, the direct accelerator action of the chug 
is also important, for elevation of pressure alone will not usually produce 
more than occasional ventricular extrasystoles associated with reflex xagal slow- 
ing of the sinus node. 


25. AXIS DEVIATION IN HUMAN BUNDLE BRANCH BLOCK 

A. Morgan Jones, M.R.C.P.® (By Invitation), Manchester, Eng., and 
Harold Feil, M.D., Cleveland, Ohio 

We have noticed that, in a few cases in which bundle branch block appeared 
while the patient was under observation, there was little change either in the 
axis deviation or in the general pattern of the electrocardiogram. This study 
is an attempt to ascertain how far the axis deviation associated with bundle 
branch block is determined by the pre-existing electrical axis with normal 
conduction. From fifty-four patients, in whom both normal conduction and 
bundle branch block bad been recorded, wc were able to collect 192 records, 
ninety showing only bundle branch block, ninety-two showing only normal con- 


• Rockefeller Travelling Fellow. 
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iluction, and ten showing both Jiundle branch block and normal conduction com- 
plexes in all limb leads. In thirty-seven patients adequate chest leads indicated 
the side of the block, but in the remainin'; seventeen the side of the block was 
judged by the limb leads; there were thirty-three patients with left bundle 
branch block and twenty-one with right. The average position of the electrical 
axis with normal conduction and with bundle branch block was determined in 
each case by averaging the axis position in all available records with one type of 
intraventricular conduction. 

In thirty-three patients who developed left bundle branch block, the average 
shift of the electrical axis associated with the block was 12 degrees to the left; 
in twenty-one patients who developed right bundle branch block the average 
shift of axis was 12 degrees to the right. In only twelve patients developing 
left and ten developing right bundle branch block was the axis shift 15 de- 
grees or more. In the majority of instances the general patterns of the electro- 
cardiogram was closely similar before and after the development of the block. 
Although there may have been changes in the electrical axis (due to alteration 
in the position of tiie heart, ventricular hypertrophy, cardiac infarction, or 
pulmonary embolism) between tiie normal conduction and bundle branch block 
records, these factors could have affected the apparent change of axis in either 
direction; there is, therefore, no reason to assume that they materially affected 
the average results, although they must he taken into consideration in indi- 
vidual eases. These extraneous factors can be excluded in the eight cases with 
normal conduction and bundle branch block complexes in the same record; the 
results in these eases were similar to those in the whole series. 

It is concluded that the axis deviation and the general pattern of the 
electrocardiogram are not greatly modified by the appearance of bundle branch 
block and that the axis deviation associated with right and left bundle branch 
block is due principally to the position of the mean electrical axis of QRS before 
the bundle branch block appeared. 

26. REGIONAL PRODUCTION OF MYOCARDIAL NECROSIS WITH 
ELECTROCARDIOGRAPHIC ANALYSIS 

0. B. Taylor, M.D., 0. IL Akuk, M.D., and C. B. Davis, Jil, M.D. 

Chicago, III. 

(Introduced isy G. M. IIass, M.D.) 

A new method has been used in producing myocardial lesions, resembling 
infarcts, in the heart of dogs. Tiie heart is exposed surgically and a hypo- 
thermal instrument is applied to a selected area of the epicardium. Lesions, 
cylindrical in shape, and of controlled dimensions, are then produced by cooling 
the adjacent myocardium to a low temperature. Lesions of selected dimensions 
are reproducible in successive animals. Variations encountered in attempts by 
others to produce lesions by arterial ligation are never observed. Lesions have 
been repeatedly reproduced in several desired locations in the walls of the 
auricles and ventricles and in the interventricular septum. 

Serial electrocardiographic tracings, using standard limb leads and varied 
preeordial leads, have been obtained at brief intervals. Animals have been 
sacrificed at various stages in the healing of the lesions up to six weeks, beyond 
which time all electrocardiographic evidence of cardiac damage has disappeared. 

Eleetroeai’diographic analysis indicates that localization of lesions is often 
inaccurate when standard limb leads and precordial Lead IV are used. These 
leads are only capable of distinguishing between anterior or apical ventricular 
lesions and posterior ventricular lesions. Lesions of the right ventricle cannot 



1417 


PROCEEDINGS OL- TWENTIETH ANNUAL MULTI NO 

he distinguished from those of the left ventricle. dlie l ' s ° Lieraa^line^has 

leads and a series of leads from the right and left of the “Jg 1 a J e nuicles 

resulted in accurate distinction between lesions of the i; 1 ght arid lof t ventricles 

either anteriorly or posteriorly. Evidence of myocardial damage ms P** 

nouneed when precordial leads arc closest to the lesion. 

leads, the less obvious the changes become. Tins rule holds 

three days. Thereafter, it becomes impossible, e\en by us . . t ^ qnc i i e ft 

sternal preeordial leads, to distinguish between lesions of D 

ventricle. 

It has not yet been possible to localize large lesions of the auricles on inter- 
ventricular septum, nor have persistent disturbances m eonduc 1 P 

duced. 

27. DICUMAROL IN EXPERIMENTAL MYOCARDIAL INFARCTION 

L. A. Nalefski, M.D. (By Invitation), and George Y. LeRoy, M.D. 

Chicago, III. 

In a discussion of possible unfavorable side-effects of dicumarol in the 
treatment of myocardial infarction, the question was raised whether the hemor- 
rhagic stage of the infarct might be more extensive as a result ot the altered 
clotted activity of the blood. This study was undertaken to investigate the in- 
fluence of dicumarol on the healing of experimental myocardial mfaicts. the 
anterior descending branch of the left coronary artery was ; ligated m thirty - 
two dogs. Seven of these died within twenty-four horn's Dicumaiol was ad- 
ministered to sixteen in doses sufficient to maintain the clotting activity ot ox- 
alated plasma between 40 and 25 per cent of normal. The remaining nine ogs 
were controls. The animals in each group 'were sacrificed from five to twenty-one 
days after the occlusion of the coronary artery. On gross examination t ler 
was no significant difference in the appearance of the infarcts at any stage m the 
two groups. Mural thrombosis was not found in any heart. Microscopic, ex- 
amination of representative sections did not disclose any obvious difference be- 
tween the healing infarct in the treated dogs and the controls. Serial electro- 
cardiograms showed no variation in the rate or the character of the eyo u ion 
of changes associated with anterior infarction in dogs. The sedimentation rate 
of dogs’ blood after coronary occlusion does not follow any consistent pattern, 
and no influence of dicumarol could be shown by it. Pleural and pericardial 
adhesions were present to about the same extent in each group of animals. 

It is concluded that dicumarol therapy does not have any demonstrable 
deleterious influence on the healing of experimental myocardial infarction in 
dogs. 


28. EXPERIMENTAL PULMONARY INFARCTION: THE ROLE 
PLAYED BY ABNORMAL PULMONARY CIRCULATION 
IN THE PRODUCTION OF INFARCTION 
BY EMBOLUS 

Don W. Chapman, M.D., Paul A. Wheeler, M.D., and Lloyd Gugle, M.D. 

Houston, Texas 

(Introduced by James A. Greene, M.D.) 

Pulmonary infarction has never been produced consistently in experimental 
animals. Numerous investigators have found that obstruction of branches of 
the pulmonary artery is not in itself sufficient' to result in infarction, if in- 
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faretion is defined (o include necrosis of lung tissue. We have produced pul- 
monary embolus in twelve normal dogs by the release of venous thrombi and 
have produced pulmonary congestion in four dogs by the employment of alpha- 
naphtha-thiourea ; pulmonary emboli and congestion were produced by com- 
bining these methods in eight dogs. 

No infarction resulted in the twelve normal dogs in which intravascular 
clots were released. Pulmonary congestion was produced in the four dogs 
receiving alpha-naphtha-thiourea alone, but no gross or microscopic evidence of 
pulmonary infarction was demonstrable. Of the eight dogs which received 
alpha-naphtha-thiourea and emboli simultaneously, three developed pulmonary 
infarction distal to the emboli, and four showed, in addition, hemorrhage distal 
to the emboli. Apparently, obstruction of a pulmonary artery or one of its 
branches by an embolus does not cause infarction of the lungs distal to the ob- 
struction because the blood supplied by the bronchial arteries is adequate to 
maintain nutrition. It appears, therefore, that if the bronchial circulation is 
interfered with by pulmonary edema or congestion, alveolar necrosis (infarction) 
results. 

29. STUDIES ON VASOMOTOR TONE IN THE HYPERTENSIVE 

STATE* 

S. W. nooiiLKK (By Invitation), R. II. Lyons, R. B. Nkligii (By Invitation), 
II. J. Kowalski (By Invitation), S. D. Malton (By Invitation), 

W. 0. Paine (By Invitation), C. 11. Manky (By Invitation), 

J. T. Manning (By Invitation), and M. M. Pekt 
(By Invitation), Ann Arbor, .Mich. 

Since in arterial hypertension the cardiac output is not usually decreased, 
it follows that there is an increase in total peripheral resistance. The locus of 
this increased resistance and its “neurogenic” or “humoral” nature are central 
problems in a study of the pathogenesis of this disease. The circulatory response 
to the autonomic blocking agent, tetraethylanunonium, can lie used in an at- 
tempt to quantitate the degree to which vascular resistance is dependent on 
vasomotor tone in the human subject since we have shown by plethysmographic 
studies that (1) the drug reduces resistance to blood tlow in the limbs to the 
greatest extent in those areas which can be shown by paravertebral sympa- 
thetic block to be under greateset vasomotor tone, (2) reduction of vasomotor 
tone to a limb by body heating reduces the response to the drug, and (3) after 
sympathetic denervation of an extremity, peripheral vascular resistance is no 
longer altered by the drug. 

Assuming, therefore, that decreases in vascular resistance after tetra- 
ethylammonium are in general proportional to the initial level of vasomotor 
tone, a comparative study was made of the effects of comparable doses of the 
drug on the resistance to blood flow in the feet and forearms of twelve hyper- 
tensive and twelve normotensive subjects. Resistance was calculated from the 
formula R = mean blood pressure (mm. IIg)/blood flow (ml./lOO ml. limb/ 
minute) . Reductions in resistance were equal in the two groups, thus suggesting 
that there was no increase in vasomotor tone in the extremities of hypertensive 
subjects. 

The effects of the drug on the renal circulation were also investigated. 
Here it could be shown that in certain hypertensive subjects renal blood flow 

•Aided by giants from Parke, Davis & Company. The United States Public Health Service, 
and the Life Insurance Medical Research Fund. 
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vas maintained despite a fall in blo ° d role'^Uie^ereased renal 

ncreased vasomotor tone may play a significant ioie 

resistance of certain hypertensive subjec s. susceptible to accurate 

Since blood How to other vascular ai * tQne from blood pressure ob- 
nieasurement, conclusions regarding vasomoto changes 

serrations alone must be accepted with some atmns mjmio } ^ 

in peripheral resistance but also changes m pulse the drug Tw0 

cardiac output may play a role in the de P • othe ^ vaS cular areas than the 
lines of evidence would indicate, howevei, tl a sent j n the hypertensive 

extremities increased vasoconstrictor tone y 1 Qne upper extremity from 
subject: (1) After exclusion ot b . otll l ^\ e h Election of tetraethylammonium 
the circulation by arterial tourniquets ? tens i ve subjects but rarely m 

still produces a blood presssure fall l frmat i c sp i a nchnicectomy the 

normotensive subjects; (2) after supradapl agmatic spia materially 

average response of the blood pressure to an injection ot tne aiu B 

'“"St studies would seem to 

subjects there is an increase in neurogenic vasomotor 
or renal vascular beds but not to the blood vess 

30. THE EFFECT OF TETRAETHYLAINIMONIUM CTLORIDE^ ON THE 
BLOOD FLOW IN THE EXTREMITIES OF i 
INDIVIDUALS 

Owen L. Slaughter, M.D., Hugh S. Brown, M.D., and Khalil G. Wakim, 

M.D., Rochester, Minn. 

The effect of tetraethylammonium chloride on email) 1 wa^stud- 
tremities of seven normal individuals (four ma e . ^ compensating 

ied by the use of an air displacement plethysmognipli to eac | 

spirometer recorder. Tetraethylammonnim chlo d ^ ^ ^ rate of 100 mg. 
individual intravenously in amounts of 30U to =>• t PT rmeratures which 

per minute. All experiments were conducted in r >om ^ Xne 

ranged from 80 to 85° E. C 26.6 to 2 -|.4 0 -) > u n ° g0 c ^ in roorQ temperature, 

in which there was a variation of moie than i r . v . j 

With the subjects lying on .he > ~ 

included the foot and leg up ^ bliod flow 

the subject was well adjusted to the suiiounuiuy>, „ enntrol 

were made for a period of about thirty minutes i , » ,, blood flow 

level. The drug was then injected intravenously and records of the blood flow 

were taken for thirty to forty -five minutes therealter. 

The subjective symptoms, after administration of the in ® were a metalhc 
taste, numbness and tingling, tachycardia, diyness > 

disturbances of vision with impairment of accommodation. 

The average blood flow in the forearms of all seven subjects before the 
administration of tetraethylammonium chloride was 4.3 ml pei 100 ml of limb 
volume per minute (range, from 1.7 to. 7.3 ml.). After the injection of t t a- 
ethylammonium chloride the blood flow increased m every ease, with a maximu 
increase occurring between five and fifteen minutes after injection (average 
about nine minutes). In all seven cases the average maximal blood now in the 
forearms, after the injection of tetraethylammonium chloride, was 10.1 ml. per 
100 ml. of forearm volume per minute (range, from 3.4 to 14.7 ml.). This rep- 
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resents an increase of S7 per cent in (lie average over the control How. The aver- 
age control blood flow in the legs of all seven subjects before administration of 
tetraethylammoniiun chloride was 3.2 ml. per 100 ml. of limb volume per minute 
(range, from 1.7 to 4.5 ml.). After injection of the drug the blood flow in the 
legs also increased in every case and reached a maximum at the same time as 
in the arms. The average maximal blood flow in the legs, after injection of 
tetraethylanunonium chloride, was 6‘.9 ml. per 100 ml. of leg volume per minute 
(range, from 4.0 to 9.5 ml.). This represents an increjise of llfi per cent over 
the control value (range, from (JO to 200 per cent). The increased blood How in 
both upper and lower extremities gradually regressed; nevertheless, at the 
termination of the experiment (thirty to forty-five minutes after the admin- 
istration of tetraethylammoniiun chloride), the How still was higher than the 
control value. Accompanying the increase in blood How there was a rise in 
cutaneous temperature. 


31. THE NATURE OF THE GOLD PRESSOR TEST AND ITS 
SIGNIFICANCE IN RELATION TO NEUROGENIC AND 
HUMORAL MECHANISMS IN II VPEHTKXSION 


Morton, F. Rkihior, M.D. (By Invitation), and Ei;cj:nic B. Fukris, Jr., M.D. 

Cincinnati, Ohio 

Previous evidence suggests that both neurogenic (autonomic) and humoral 
factors are concerned in the pathogenesis of increased arteriolar tone in clin- 
ical hypertension, but the exact nature of such mechanisms and their relative 
importance and interrelationships arc not well understood. The present study 
is concerned with the effector mechanism of the cold pressor response in hyper- 
tension, utilizing varying degrees of sympathetic block induced by spinal an- 
esthesia and tetraethylammoiiium chloride. The results clarify the effector 
mechanism of tile cold pressor test and indicate that its utilization along with 
other procedures may be helpful in evaluating the relative importance of 
neurogenic and humoral components in patients with this disease. 

In each of twenty hypertensive patients the cold pressor response was 
elicited in the usual manner and then repeated after the administration of tetra- 
ethylummonium chloride. One additional patient was tested in a similar man- 
ner four months after partial sympathectomy. In eight cases the response was 
again tested after high spinal anesthesia and in live of these repeated as the 
anesthesia receded to lower levels. In live instances the effect of tetraethyl- 
ammonium chloride, was again tested following the performance of the test 
under spinal anesthesia. 

Two phases of the blood pressure response to cold were noted: (1) the 
response during the minute of exposure to cold (cold minute), the classical 
cold pressor response, and (2) delayed pressor responses after the hand had 
been removed from cold water. In all cases tetraethylammoiiium chloride abol- 
ished the cold minute response, demonstrating that the effector phase of this 
reflex is neurogenic in character and indicating, that the cold pressor response 
may be useful in evaluating procedures designed to eliminate autonomic tone 
in hypertension. Release of varying portions of the arteriolar bed from active 
vasomotor control (by spinal anesthesia) produced dampening of the response 
which tended to vary directly with the extent of denervation, but the smallest 
portion of the arteriolar bed which, under active vasomotor control, was capable 
of exciting clinically significant cold pressor reactivity varied from patient to 
patient. 
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Iii one ease, who showed mu [ k ^ exposure "(during 

Similar, but less marked, delayed Uansient • autonomic im- 

patient;. Since such a pressor response oce ms at .a time ^ & humoral agent 

pulses are blocked at the ganglia, it m tetraetliylammonium chlo- 

(the action of such agents not being e 

ride). , f n obtain a depressor effect 

Six (30 per cent) of the twenty patients f t the cold pressor 

from the administration of tetraethylami circulation of a humoral pres- 

response was eliminated in each, sugges mg , satisfactory autonomic 

sor agent, rather than failure of / he ^ r “ f ° lpnl L sor reS poiise in these patients, 
blockade, was responsible for the absence o P ' ■ ( au tonomic) mech- 

The’ data suggest that both h = 
anisms may interact as clinically nnpoi taut < 

32. CIRCULATORY RESPONSES TO S P J Ij A ! t,) ('.j hr 
ANESTHESIA IN HYPERTENSION : RELATION TO 1HL 
EFFECT OF SYMPATHECTOMY 

II. Effect of Renal Function 

A. C. Corcoran, MB., Rouert D. Taylor, MB, and Irv.ne H. Page, MB. 

Cleveland, Ohio 

In 1944 we found that the venal effects of high anestosmin 

tients with essential hypertension weie % an • °° £ t he hypertensive 

of response of the renal vasculature might mirror * e “"“Sence of Jfe-evistmg 
process. Renal vasodilatation mtgh then b c ‘ h als “ SiSK as evidence of 
increased vasomotor tone and failure of & , t() renal arteriosclerosis, 

humoral vasoconstriction or of vascular n Predominance of vasomotor in- 
It was intimated that those patients who had C-nZ than would others, 
fluenee might receive more benefit from sympatheetomy than would 0^ ^ 

The present report includes obseivat nteen patients with essential 

of high spinal anesthesia administered to io . hteerL P patients. Fourteen of 
hypertension and of caudal anesthesia given to eighteen pauenis 

the latter group had lumbodorsal sympathectomy . hemndvnamics were 

. The effects of spinal and 

similar. Reduction of the aveiage ait P jj", usua ll y causes renal 

1&SJ SsS rS^re^i-S and a slight decrease in 

S ' 0m ^ “hc^nal vascular response »f ■— mve ^rtemnvc 

a fraction of afferent arteriolar re- 

sistance is not removed by anesthesia. , . . , inaLutoc tliat 

The renal vasodilator response to anesthesia m YP ' disease is de- 

a lar"e nronortion of increased renal vascular resistance in this disease is cie 
i<u 0 e piopoiuoii Oi uiLieoa affected by anesthesia extending to 

pendent on nervous influences wmen aie duaau a or i 4 i,„ 

about D 5, or alternatively that denervation by anesthesia has sensitized the 

vessels to vasodilator influences. . , . , , ■ - 

The major hemodynamic change induced by spinal or caudal anesthesia is 

seen to be due to decreased peripheral resistance. 

•From the Research Division o t the Cleveland Clinic Foundation. 
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Exceptionally, a few hypertensive patients show deficient or slowed renal 
vasodilator responses to spinal or caudal anesthesia. Two such patients failed 
to benefit from lumbodorsal sympathetic ganglionectomy, but operation was 
equally ineffective in patients whose responses were vasodilator. The renal 
vascular response to anesthesia is not a positive guide in the selection of pa- 
tients, although the absence of vasodilation during anesthesia may contraindi- 
cate operation. 


33. RELIEF OF CAUSALGfA BY USE OF T ETR A ETI I YL AMMONIUM 


CHLORIDE 


James E. Conley, M.D. (By Invitation), Herman C. Scuumm, M.D. 

(By Invitation), Francis F. Rosenbaum, M.D., and Frederick G. 

Gaenslen, M.D. (By Invitation). Milwaukee, Wis. 

Tetraethylannnonium chloride was used for sympathetic blockade to re- 
lieve pain in seventeen patients with eausalgia. The patients were selected on 
the basis of complaint of pain without consideration of trophic or vasomotor dis- 
turbances. In twelve patients pain was severe enough to prevent proper physio- 
therapy. Tetraethylammonium chloride was used primarily to obtain symp- 
tomatic relief. 

Five patients with Sudeek’s primary bone atrophy were given this drug 
in doses of 200 to 500 milligrams. This was sufficient to maintain comfort 
and to permit physiotherapy. Relief from pain appeared promptly and lasted 
several hours to forty-eight hours, even though complete sympathetic blockade 
was not produced. Follow-up clinical and radiologic studies showed improve- 
ment in the bone atrophy. 

Two patients who were bedridden because of acute osteoporosis of the spine 
received relief from tetraethylammonium chloride which was comparable to that 
afforded by the use of narcotics. One of these patients was given 500 mg. to 2.0 
Gm. in divided doses daily. She became ambulatory immediately with the 
additional aid of an orthopedic corset. 

Three patients with bilateral thrombophlebitis whose walking was limited 
by cramps in the legs received extensive therapy with this drug. The relief 
from pain was not striking, although large doses were beneficial for short 
periods. The therapy did seem to help somewhat in restoring these patients to 
full activity. 

Tetraethylammonium chloride was given to five patients with eausalgia in 
the presence of known orthopedic disorders. These patients were selected be- 
cause their pain seemed unrelated and disproportionate to the structural le- 
sion. The bizarre pain was relieved, but the legitimate pain persisted. In two 
of these patients, swelling of the involved extremities decreased after tetra- 
ethylammonium chloride -was given. 

One patient with multiple pelvic fractures with bilateral pain in the legs 
had prompt relief of pain lasting about six hours after 225 mg. of the drug. 
This remission of pain permitted her to move the legs for the first time in nine 
weeks. Narcotics were required much less frequently thereafter. 

A young woman with advanced scleroderma -who had pain on motion of the 
fingers was able to use her hands with much less discomfort after moderate doses 
of the drug, but there was no significant change in the underlying disorder. 

Tetraethylammonium chloride is of definite value in relief of eausalgia. 
The relief of pain may be striking even though the sympathetic blockade is not 
complete enough to produce increased warmth and dryness of the extremities. 
The relief is usually sufficient to permit appropriate physiotherapy. 
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34 THE EFFECT OF DITHIOPROPANOL (BAL) ON HUMAN 
LEAD INTOXICATION 

Henry W. Ryder, M.D., and Robert A. Kehoe, M.D., Cincinnati, Ohio 

Evidence has been accumulating in support of the ^ ^ fb iri a t i o n 

heavy metals are toxic to biologic systems because of t leii e nzvmes There 

with the sulfhydryl groups of the protein fraction of cellulai Sffw behave 
is some evidence that lead may be included m the gioup 1it] • or , rol)an ol (BAL) 
in this manner. Barron and Kalnitsky have shown that P ' p . an 

is one sulfhydryl-containing compound which is capable o Luskv and 

enzymatic inactivation due to lead. On the other ban , , > ^ 

Calvery felt that lead and dithiopropanol exerted addi ive 
poisoning as induced experimentally in rabbits. , 

We have studied thirty men with acute episodes of lead POis°m: ^ ° 
whom were treated with dithiopropanol to the limit of toleia . o 

has no dramatic immediate effect on the symptoms of lead p S- 

group the treated men had no different clinical course than the group o± un- 
treated men, except for the characteristic local and general cffcete of dattaopio- 
panol and the occasional production, after prolonged theiapy, g 
muscular aching. , , , 

In contrast to the absence of clinical effect, the drug ha ^mied 

metabolic effects. Characteristically, the cellular lead con^ntiation diopped 
sharply within a few minutes after the administration of Bi > twentv- 
fall for an hour or longer, and returned to the previous eve tvfold 

four hours. The urinary lead concentration increased from seveial to fiftyfo 
within an hour or so. On the other hand, the lead concentration m the blood 
plasma of all the men was of a uniform order of magnitude. whether °* °i 
they had had abnormal lead exposure, clinical lead poisoning, 01 V p , 

therapy. The treatment did not change the fecal lead concentration or output. 

While the changes in the lead concentration in the erythrocyte and urine 
were obtained again and again following repetitive administration of the agent, 
they were transient, and not enough lead was removed by the therapy to increase 
materially the total amount of lead eliminated by the subjects during the period 
°f intermittent therapy or in the weeks that followed. 

In summary we have observed that dithiopropanol is of no value in the 
treatment of acute poisoning in adults due to inorganic lead. We have observed 
also that the drug, in contrast to the lack of clinical effect on the symptoms of 
poisoning, causes a transient decrease in the erythrocyte lead concentiation 
and a temporary increase in the urine lead concentration to a degiee we have 
not seen with other types of therapy. 

From these two observations we infer that the symptoms and signs of lead 
Poisoning and the storage and elimination of lead maj 7 be due to mechanisms 
that are not intimately related. Our clinical experience in the lead trades sup- 
ports this inference. The observed effects on lead metabolism are consistent with 
die hypothesis that lead combines with an erythrocyte component and that this 
combination can be reversed in vivo by dithiopropanol therapy, but the failure 
°£ symptomatic response to therapy does not give support to the theory that 
this particular enzyme system is involved in the mechanism of lead poisoning. 



TO BE READ BY TITLE 


35. CONGENITAL FAMILIAL II V L’OPROTI IROMB I XE.MIAS 
Akmaxd J. Quick, M.D., Milwaukee, Wis. 

The experimental evidence oi' the writer that prothrombin is a complex 
composed of several components suggests the possibility that more than one type 
of hypoprothrombinemia may occur clinically. This was borne out by studies 
of two families, in each of which several members have a hypoprothrombinemia. 
In the first family the mother, one son, and one daughter have a prothrombin 
time of 151/2 to 16 seconds. On mixing their plasmas with an equal volume of 
normal plasma, a mixture is obtained which has a prothrombin time of 13 1 /* 
seconds, the expected calculated value based on the writer’s prothrombin curve. 
This type of hypoprothrombinemia is similar or identical with that produced by 
dicumarol poisoning. I 11 this type of hypoprothrombinemia, it is component 
B which is reduced. 

I 11 the second family, two brothers arc affected. Each has a prothrombin 
time of 19 to 20 seconds. Both have a bleeding tendency. When their plasmas 
are mixed with an equal volume of normal plasma, a normal prothrombin time 
(12 seconds) characteristically results. This same behavior has been noted 
with plasma from patients with avitaminosis K. When plasma from a member 
of family I is mixed with an equal volume of plasma from a member of family 
II, a prothrombin time of 13 l /-i seconds results, thus showing that the second 
plasma has the same corrective capacity on the first as normal plasma. In other 
words, the first plasma contains an excess of the factor lacking in the second 
plasma (component A), whereas the second plasma contains as much component 
B as normal plasma. 

The prolonged prothrombin time resulting when oxalated plasma is stored is 
due to the disappearance of a principle that is neither component A nor B. It is 
not adsorbed by A1 (0II) n ,Ca a (P0,) 2 and similar agents. This substance has 
been tentatively named the labile factor. Its lack in plasma may apparently 
cause a hemorrhagic diathesis as the recent report of Owren suggests. 

The prothrombin time serves as a reliable guide of hemostatic effieiencj r even 
though it is dependent upon three factors : components A and B and the labile 
principle. A hemorrhagic tendency appears when the prothrombin time is 19 
seconds or longer. 

36. THE BLOOD COAGULATION-RETRACTION TIME AND ITS 
RELATION TO THROMBOSIS* 

John S. Hirschboeck, M.D., Milwaukee, Wis. 

Clot retraction is dependent upon thrombocytes, surface forces, erythrocyte 
mass, and qualitative and quantitative variations in fibrin. The same factors 
are also important elements in the development of the thrombotic tendency in 
individuals. 

•Supported by a Grant-in-aid from the United States Public Health Service. 
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A method which measures . the combined 
time of capillary blood was used m the study ot tieuts The coagulation- 

operative patients, and 300 haspitahzed medical ^atient^. ^ rf ° apiUary 

retraction time is determined b> suspend 0 ; t intervals for the 

blood in castor oil. The drop is observed ;i the oil from the retracting 
development of a bud of serum winch p J * lon „ er than 20 minutes, the 
clot. The normal coagulation-retraction time is ion D ei 

average for 100 individuals being 33.1 muiutes. ^ coagulation . re traction 

Patients in the postoperative P ei J°J ‘ atients had coagulation-retraction 
times. Approximately one-third of these patients n au « ^ Qf the 300 

times less than 20 minutes during most of t ' ^ , „ tion-retraction times less than 
general medical patients, 41 per cent had ca patient in this group 

20 minutes and 11 per cent less than 1 “^Sni^&action time was 11 

ovc\. ^ o£ heparin 

The coagulation-retraction test is time determinations. 

therapy and can be used instead of the orenna y ° Wmse its correlation 

The S is not reliable in following ‘ ^gSedTat pSieSs whose 
with prothrombin time is not accurate, it oo . , given prophy- 

coagulation-retraetion time is consistently less than 20 minutes be given prop 3 

lactic anticoagulant therapy. 

37. THE EFFECT OF FOLIC ACID ON RADIATION INDUCED 
ANEMIA AND LEUCOPENIA 

Leon O. Jacobson, M.D., Phyllis Stearner, Ph D (By Invitation), and 
Eric Simmons, Ph.D. (By Invitation), Chicago, III. 

Penetrating radiations originating 5.^ [.1!° ^TcmUa 1 , 11 1 euSSp en"i d. 

S? “n Wd 

doses. It is of interest that certain species ^1 P ^ ° e to these physical 

corpuscular volume concomitant witn tne aneuuct 1 o-nrl rat in 

agents. Experiments have t^^dTf^these hematologic effects of radiations by 
tion used in these studies was confined to x-ray 

to the whole body in single (rabbits) or ^ded doses (human being . ihe 

radioactive elements used were P in \ r ipSLally °in the latter .subjects In 
intravenously in the former and mtiapentone 3. heforc the ra diation or 

certain of these experiments the foiic amff » others tfae foli(J acid was 

ladioelement was administered and continue . . 1 • i nt i. 

begun approximately at the point of maximum anemia 01 leucopema 01 both 

and continued. , , 

The anemias and leucopenias induced by these radiations were not pre- 
vented nor was recovery hastened by the administration of folic acid in adequate 
doses. The macrocytic anemia produced in rats by radiostrontium and m human 
beings by total body x-radiation or radiopliosphorus was likewise unaffected. 
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38. COMBINED SYSTEM DIB EASE AND HEMATOLOGIC RELAPSE 
OCCURRING IN PERSONS WITH PERNICIOUS ANEMIA TREATED 
WITH SYNTHETIC COLIC ACID (L'TEEOYL GLUTAMIC 
ACID) COR A PERIOD OF TWO YEARS 


Richard \Y. Viltkk, M.D., Carl F. Yilter, M.I). (Bv Ixvitatiox), and 
Virginia Hawkins, R.N. (By Invitation), Cincinnati, Ohio 

The observations presented have evolved from an extension and elabora- 
tion of studies undertaken in November, 1045, and reported at this meeting one 
year ago. Elucidation of the following questions has been sought: (1) Will 
synthetic folic acid given orally or parenterally control the anemia and 
glossitis of pernicious anemia and sprue for long periods of time as success- 
fully as liver extract.' (2) Will synthetic folic acid therapy prevent the 
development of the neurologic manifestations of pernicious anemia or control 
them after they have appeared / 

Twenty-eight persons with pernicious anemia, the majority of whom had 
been controlled for two to seventeen years by injections of liver extract, were 
treated with folic acid orally for six months to two years. Folic acid treat- 
ment of twenty-four of these was begun on or about November, 1945; the re- 
maining four have been treated six to eighteen months. Oral doses ranged from 
30 mg. three times a week to 50 mg. daily. 

Nine patients with pernicious anemia, six of whom were in relapse and 
three of whom previously had been maintained on parenteral liver extract, 
were treated with folic acid parenterally for six to twelve months. Doses 
ranged from 30 mg. daily to 30 mg. weekly. Three persons with sprue and one 
with macrocytic anemia secondary to ileosigmoidostomy were observed for 
nineteen to twenty-five, months while receiving varying doses of folic acid 
orally. Complete physical and neurological examinations, erythrocyte counts, 
hemoglobin levels, hematocrit determination, and reticulocyte counts were per- 
formed at the beginning of the study and were repeated as often as the condition 
of the patient demanded. 

So far, combined system disease has occurred in eight of the thirty-seven 
persons with pernicious anemia. During t lie lirst year four of the patients 
given folic acid orally developed posterolateral sclerosis after live to eight 
months of therapy. One of these showed mental deterioration. In the second 
year three patients on oral and one on parenteral therapy developed signs of 
posterolateral sclerosis, two with distinct mental changes, within four to eighteen 
months of the beginning of treatment. Satisfactory remissions followed the 
administration of liver extract intramuscularly. 

Hematologic values have neither reached nor been maintained at optimum 
levels in the nine persons treated parenterally and one-third of the persons 
receiving folic acid orally developed moderate degrees of anemia. ' Gastric 
carcinoma and unexplained rectal bleeding accounted for the anemia in two 
of these. One patient had a striking hematologic and neurologic relapse after 
eighteen months of oral thcarpy (30 mg. three times a week). After intra- 
muscular folic acid therapy for two weeks (30 mg. three times a week) the 
relapse continued unchecked. Erythrocytes had fallen to 1.51 millions and 
hemoglobin to 7.2 grams. Urine assays indicated that 50 to SO per cent of the 
folic licid administered was excreted in the urine within twenty-four hours. 
The patient was given 12 Gm. of 5-methyl uracil daily for ten days. Reticulo- 
cytes rose to 10 per cent on the fourth day of this treatment and there was a 
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subsequent rise in red cells and hemoglobin (o 2.45 millions and 9.5 grams. 
After discontinuance of 5-methyl uracil, complete hematologic and partial 
neurologic remission was achieved by parenteral liver therapy. Distinct glossitis 
occurred in five of the patients with pernicious anemia during folic acid therapy 
and waxed and waned without relation to the administration of the drug. The 
persons with sprue and secondary macrocytic anemia were maintained in better 
clinical and hematologic states than had resulted from liver extract therapy. 

In conclusion, the second year of this study demonstrates that folic acid 
will not maintain hematologic remissions in all patients with pernicious anemia 
nor will it prevent the appearance of glossitis. In addition it confirms the 
previous observations that posterolateral column disease and mental deteriora- 
tion may develop in persons with pernicious anemia even though their hema- 
tologic state is well controlled by folic acid. 

39. TREATMENT Ob’ PERNICIOUS ANEMIA WITH PTEROYL 
GLUTAMIC ACID (I-'OLIC ACID) . 

Steven 0. Schwartz, M.D., and Berthe E. Armstrong, M.D., (By 
Invitation), Chicago, III. 

The paper is a resume of experiences with folic acid in the treatment of 
pernicious anemia. The studies were begun in January, 1946, and over 100 
patients have been maintained for varying periods of time on 5 mg. doses 
ff i ) ^ le ^ scass ^ on w iH center on such patients as have been either taken 
on the drug or maintained for twelve months or longer. In this category are 
sixty-nine patients. Of these, thirty-eight were men and thirty-one were women, 
the ages varied from 29 to 80 years. Six were placed on folic acid therapy im- 
mediately after an “assay period,” while sixty-three were changed from routine 
PU 7 i enanee ^ ver therapy. Fifty-two are still on folic acid (as of September, 
Ji r " 0UL> ! iavc disappeared from observation, and thirteen have been taken 

0 c the drug for the following reasons: 

, _ . }■ Hematologic relapse — five patients — during the sixth, seventh, eighth, 
"elttli, and thirteenth months. 

2. Neurological relapse — four patients — during the second, sixth, eighth, 

and twelfth months. ’ ° 

3. Progressive anemia (not real relapse) — one patient — during the thir- 
teenth month. 

1. Refusal to take folic acid — one patient — because of “headaches.” 

•L Unreliability in taking folic acid — one patient. 

6- Unreliability of subjective complaints — one patient, 
pp. i *' 3 * S - e ? nc bided from the studies so far performed that 5 mg. folic acid 

1 u day is inadequate to prevent clinical, neurological, or hematologic relapses. 

udies arc now in progress evaluating the efficacy of 10 mg. per day. 
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40. EXOGENOUS HEMOCHROMATOSIS 

Stkvex 0. Schwartz, 3I.D., and Sunoll Blumenthal, 31. D. 

(By Invitation), Chicago, III. 

Five female patients, with severe anemias clue to miscellaneous causes, who 
received multiple transfusions and developed hemosiderosis and fibrosis of the 
liver were studied. The patients ranged in age from 19 to 75 yeai-s and were 
followed from nine months to four and one-half years. They received from 
twenty-one to seventy-five blood transfusions. With the evidence available from 
the study of the cases, together with a review of eight similar previously reported 
cases in the literature, tlve conclusion is reached that hemochromatosis in man 
can lie experimentally produced hv the administration of large amounts of iron 
(in the form of hemoglobin) if the iron is not secondarily lost from the body. 

That the eases were not primaiy hemochromatosis is evidenced by the fact 
that the disease occurred in women, many of whom were young, and was accom- 
panied by a severe anemia. 

The pathogenesis of both idiopathic (endogenous) hemochromatosis mid 
secondary (exogenous) hemochromatosis is discussed. 

With the increased use of blood transfusions and the consequent length- 
ening of the anemic patient’s life, the incidence of exogenous hemochromatosis 
will increase and will afford an opportunity to study a hitherto poorly under- 
stood disease entity. 

41. MYELOMA CELL CYTOLOGY AS REVEALED BY 
ITISTOCH KM rCAL .METHODS* 

Raymond S. Kiijlkh, M.D., Chicago, III. 

(Introduced uy Louis R. LiM.utzr, 31. D.) 

There has been no attempt made thus far to relate the cytoplasmic vacuoles, 
areas of hyaloplasm, and perinuclear clear area of the myeloma cells, as revealed 
by the Romanowsky stains, to the presence of preformed cytoplasmic organoids. 
In five cases of multiple myeloma of the “plasma cell” type, sternal marrow 
and air-dried marrow smears were studied by various cytologic and eyto- 
chemical techniques. By these means it has been possible to correlate cyto- 
plasmic structures (mitochondria and portions of the Golgi element) with these 
cytoplasmic clear areas and, in pax-t, to determine their chemical composition. 

Marrow smears stained with Wright’s and May-Griinwald-Giemsa stains 
indicated that these cytoplasmic clear areas (variously described by other 
authors) exhibited a series of distinctive patterns. Rodlike, filamentous, cir- 
cular, and dotlike areas of hyaloplasm could be readily delineated. These 
light areas were found to bo either diffusely scattered throughout the cytoplasm 
or congregated on one side of the nucleus, giving rise to a “Hof” or perinuclear 
clear zone. 

Supravital studies oxr aspirated sternal marrow, utilizing neutral red 
and the neutral red- Janus green combination, demonstrated a variety of mito- 
chondria whose form and distribution were identical with the clear areas noted 
in the stained smears. Neutral red vacuoles were present in all of the myeloma 
cells ; howevei-, they appeared to contribute but a small share to the total cyto- 
plasmic pattern. 

•Work done while Research Fellow, Department of Medicine, University of Buffalo School 
pf Jlediclpe, Buffalo, N. Y, 
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The Bcnslcy-Cowdry mitochondrial technique revealed the presence of 
numerous mitochondria whose general configuration and distribution within the 
cells correlated with the observations made on supravital study. 

The myeloma cells, when stained with the fat stains Sudan black B and 
sudau IV, exhibited numerous sudanophilie organoids which were identical 
cytologically with the structures demonstrated by the aforementioned tech- 
niques. These bodies were not stained by sudan III, nor did they exhibit a 
positive Schultz reaction. They were stained by Nile blue sulfate; however, the 
.staining was of the nonspecific type. In view of these negative findings, neutral 
fats, cholesterol, and cholesterol esters were excluded as being responsible for 
their sudanophilie properties. The organoids were stained by the Smith- 
Dietrich method, indicating their phospholipid nature. 

The cytoehemical test for vitamin A and/or its carotene precursors was 
positive and was precisely localized to the cytoplasmic organoids under dis- 
cussion. Thus far it has been impossible to localize vitamin C within this group 
of cells. 

All attempts at the cytoehemical localization of the aromatic group of amino 
acids and the sulfhydryl-containing amino acids within these intracellular struc- 
tures have been uniformly unsuccessful. A positive reaction for the free alpha 
ammo acid groups has, however, been obtained. 

Phase microscopy was used in this study as a method of providing a 
positive correlation between the mitochondria and neutral red vacuoles and the 
clear areas in the basophilic spongioplasm. 

It is concluded that (1) the areas of hyaloplasm in the myeloma cells are 
I to the presence of underlying mitochondria and portions of the Golgi 
element; (2) these structures have been found to be of a phospholipid nature; 
w) vitamin A and/or the carotinoid pigments are localized to these areas; (4) 
mse structures give a cytoehemical reaction for free alpho amino acid groups. 


42. BLOOD AND BONE MARROW FINDINGS IN RENAL DISEASE 

la win R. Callen, M.D. ,(By Invitation), Louis R. Limakzi, M.D., Chicago, III. 
and Harold C. Lueth, M.D., Omaha, Neb. 

The association of anemia and renal impairment has been recognized for 
• onie time. Because the anemia is refractory to treatment and has no positive 
isUnginshinj, characteristics, it has not been diagnosed in many instances, 
addition there has been no agreement as to the hematologic findings. 

In fhis study 102 patients were included, divided into 44 with chronic 
ten<r erU ^ ^nephritis with azotemia, 22 without azotemia, 20 with essential hyper- 
•imi IO o’ ■xY lth acute Sl° mer ulonephritis, 8 with miscellaneous kidney diseases, 
shnum fl* cxtra . renal uremia - As a result of these studies it has been 
md i that aaemia as demonstrated by the hemoglobin, red blood count 
of n,l lem -? t0cnt values ’ in general, is inversely related to the elevation 
avera-pd 1 ^ r n ° US "Ton® ? l ' oducts & the peripheral blood. The hemoglobin 
and ? ai ’oP° mL ’ the ve A blood count > 2,900,000 per cubic millimeter, 

an a! !.,! 0 ' 1 ' 1 : . 2o per cent> ln cases of chronic glomerulonephritis, with 

cium f SG no " pi ; otom nitrogen of 123 mg. per 100 milliliters. The leucocyte 
types ?- bout 12 ’ D ° 0 111 the cases of acute glomerulonephritis. Chronic 

S °A lenal d'sease showed borderline elevations of the leucocyte count A 

dohin L i P i “ ses - The avera g e °f th e mean corpuscular volume hemn 
° ° bm , and hemoglobin concentration in these studies proved to be withTn normal 
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limits for these groups. There were individual variations, hut generally they 
involved the hemoglobin values and not those of the mean corpuscular volume 
as had been reported by other investigators. 

A further correlation of the retained nitrogenous products and the values 
for the hemoglobin, hematocrit, and red blood count showed that in ten of the 
twenty-two patients with chronic glomerulonephritis without azotemia a signif- 
icant variation was noted. Eight of these ten revealed a rise in one or two of 
the four blood chemistry determinations (nonprotein nitrogen, urea-nitrogen, 
uric acid, and creatinine). 

The bone marrow, in contrast to some of the other published data, revealed 
a fairly adequate cellular picture with a myeloid-cry throid ratio near the normal 
in all the groups. The patients with acute and chronic glomerulonephritis with 
azotemia showed a slight increase in myeloid elements. The relative percentage 
of polychromatic normoblasts, however, was normal in all groups. The myeloid- 
crythroid layer, determined following centrifugation of 1 ml. of marrow blood 
in a hematocrit tube, was not increased in any of the groups except in acute 
glomerulonephritis. This increase was due to an increase in myeloid elements. 

As a result, of these studies, the following conclusions can be drawn: (1) 
anemia in renal disease is inversely related to the levels of nitrogenous waste 
products in the blood; (2) in eases where the anemia is borderline and renal 
disease is suspected, not only one, but complete blood chemistry studies should 
be done serially; (3) the bone marrow is relatively normal with sonic evidence 
of myeloid hyperplasia. Hypoplasia or maturation arrest of the bone marrow 
elements was not observed. 


43. A STUDY OF THE MARROW IX ARTHRITIS 

Eugene F. Traut, M.D., and Steven 0. Schwartz, M.D., Chicago, III. 

Since evidence regarding the nature of arthritis lias been sought often in 
the peripheral blood, it was thought advisable to study the most important blood- 
building organ, the marrow. We were interested in learning whether the 
marrow would help distinguish the two great groups of nonspecific chronic 
arthritis and whether the marrow findings paralleled the clinical progress in 
these conditions. 

Forty arthritic patients were studied: nineteen atrophic, fifteen hyper- 
trophic, two psoriatic, and four patients with rheumatic fever. These patients 
were in various stages of activity. Two of the patients with atrophic arthritis 
had 2 marrow studies. 

One of us (S. 0. S.) studied the marrows and gave a report without access 
to other clinical findings. 

In general, the marrow mirrored the clinical impression gained otherwise. 
The marrow study gave further evidence of the inflammatory nature of atrophic 
(rheumatoid) arthritis as compared with hypertrophic arthritis. Complicating 
infections can cause the myelogram of degenerative joint disease to resemble 
that of inflammatory arthritis. The changes in the marrow" refleet the course 
of disease in the joints. 

The findings in the few" patients with rheumatic fever suggest marrow 
studies as a measure of the activity of the rheumatic process. 
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44. RESULT OP METIIYI,BIS (^AX'HLOROETHYL) ) AMINE 
HYDROCHLORIDE THERAPY : A PRELIMINARY RE FOR 
OF A NITROGEN MUSTARD 

Robert A. IIettig, M.D., Houston, Texas 
(Introduced by James A. Greene, M.D.) 

Fourteen patients with confirmed j ^(b et^Saoroe tHyl ) amine 

multiple myeloma received single courses of met „ 

hydrochloride intravenously in the usual dosage. . • „ n( i 

Of six patients with Hodgkin’s disease, two 1 had an exce« remismoi ^and 

one a satisfactory response, whereas the lemaimn i k l only partial 

mally or not at all. Nitrogen mustard administration pi^otedomy I ^ 

remissions in two cases of lymphosarcoma and mini lymphogenous 

cases of chronic myelogenous leucemia. One patien v other evidence 

leucemia obtained a rapid decrease in the leueoeytosis without other evidence 

° £ “‘patients with severe skeletal pain .“"‘'w^Se „”Sto o 

proved symptomatically to a striking degiee, bu ° - f unCTO ides was 

demonstrate regression of the bone lesions. A case of mycosis ±un D oicles 

unaffected by nitrogen mustard therapy. . , , i 

Nine patients of the entire series had received no pi evmus ’ In tkks 

as five had been subjected to varying amounts of » , , appear to 

limited clinical experience the previous use of irradiation did not appeal 
affect the response to the nitrogen mustard in an adverse >. _ 

Excluding the three cases of leucemia, a .jpifieanl ' Jeucopema fdlow^the 

administration of the drug m five patients (42 P®j; ®® an d vomitin'* 

ill effects ascribable to the leucopenm were detected. Nausea and -vo = 

occurred in 64 per cent of these patients during the couise of tieatment a 
constituted the only clinical evidence of toxicity in this senes. 

45. EXPERIENCES WITH URETHANE IN EIGHT PATIENTS WITH 

MALIGNANT DISEASE 

Lawrence Berman, M.D. (By Invitation), Arnold R. Axelrod MD. 

(By Invitation), E. A. Sharp, M.D., and E. C. Yonder Heide, M.D. 

Detroit, Mich. 

The therapeutic action and toxic effects of urethane have been studied in 
eight patients with leucemia and other neoplastic conditions. Oial 
tration was tolerated by most patients m doses of O o to 6.0 Gm daily ovei 
periods ranging from nine to fifty-four days. Total doses ranged fiom -6.5 to 
221 grams. 

No changes were noted in renal or liver function as observed by complete 
urinalysis, phenolsulphthalein, urea clearance, bromsulphthalem, hippunc acid, 
and cephalin flocculation tests. 

There was little or no clinical improvement in three of four patients with 
leucemia exhibiting hematologic responsiveness and decrease in size of enlarged 
lymph nodes, spleen, or liver. Urethane did not affect the progress of terminal 
subacute leucemia, myelomatosis, or carcinoma of the lung. Although nausea 
and vomiting occurred frequently, there was no evidence that these symptoms 
constitute an indication for stopping urethane treatment. Weight loss out of 
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proportion to reduced food intake was noted in four patients and may represent 
an important constitutional injury to patients receiving urethane. Transient 
drowsiness and slight dizziness were observed. 

Urethane caused a fall in the absolute numbers of both lymphoid and 
myeloid leucocytes in the blood of patients with normal or leucemic counts. 
The effect is greater on the more undifferentiated leucocytes. Severe temporary 
hypoplasia of all elements of the bone marrow may result from overtreatment 
and may progress after treatment has been stopped. Megakaryoeytogenesis 
persists longer than erythroeytogenesis or leueogcnesis and appears to recover 
earliest after urethane therapy. 

In the chronic leucemias, initial counts between 22,350 and 133, S00 per 
cubic millimeter dropped to levels ranging between 1,900 and 12,000 per 
cubic millimeter after the patients received from 70 to 116 Gm. of urethane. 
One patient with chronic myelogenous leucemia exhibited a rise in the platelet 
count although the leucocyte count dropped to normal. There is no correlation 
between daily or total dase of urethane and the rate or extent of change of the 
total leucocyte count, lymph nodes, liver, spleen, or bone marrow. 

No significant changes in reticulocyte percentages or color indices were 
observed. Anemia was favorably influenced in some patients although in others 
it became more severe. 

There was regression of lesions in cases of mycosis fungoides and carcinoma 
of the skin. 

On the basis of our studies it appears necessary to make bone marrow 
examinations, determinations of absolute leucocyte counts, and estimation of 
platelets, hemoglobin, and erythrocyte levels frequently. 

46. BLOOD COAGULATION DURING INTRAVENOUS INJECTION OF 

HISTAMINE 

Stuyvesant Butler, M.D., William A. Thomas, M.D., and IIeywoktii N. 

Sanford, M.D. (By Invitation), Cnic.YGO, III. 

It has been recognized for some time that during peptone and anaphylactic 
shock and thrombocytopenic purpura there occurs a simultaneous clumping out 
of platelets and vasodilatation. Theoretically this dilatation occurs because 
platelets are no longer available for the removal of free histamine from the 
blood, and this histamine is the cause of the vasodilatation. Some investigators, 
however, believe that the platelets themselves are a source of some of the body 
histamine. 

We have attempted to discover whether a continuously high level of his- 
tamine in the blood for many hours will materially effect the qualitative platelet 
count either by driving platelets out of the free circulation or by causing their 
increase in an attempt to overcome the increased histamine concentration. 

Fifteen patients who received intravenous injections of histamine for 
migraine were used. Blood was drawn before the onset of each injection and 
six hours later, toward the end, using the technique of Sanford and Leslie. 
Blood was collected in chilled syringes, counted on a chilled chamber, and cen- 
trifuged in waxed chilled tubes. The coagulation times for whole blood, cell- 
free plasma, and platelet-free plasma were determined. Hematocrit and platelet 
counts were made simultaneously. 

The histamine was given at a constant rate of 20 drops per minute in 500 
ml. of normal salt solution, but the amount of histamine was almost doubled 
with each injection, 0.2 mg. being used for the first injection and 2.0 mg. of 
histamine base for the last. 
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Results . — ... 

1. There was a definite shortenin'.; of the coagulation time in most cases 

which in total varied from 1.9 minutes to 1.0 minutes. _ . 

2. There was a correlation between the qualitative platelet activity and 
the coagulation time. 

47. THE EFFECT OF CHRONIC ANEMIA ON RENAL FUNCTION AS 
MEASURED BY INULIN AND DIODRAST CLEARANCES 

William C. Levin, M.D. (By Invitation), Raymond Gregory, M.D, and 
Ai.ene Bennett, B.A. (By Invitation), Galveston, Texas 

This study has been made as a means of evaluating renal function quanti- 
tatively in patients with chronic anemias. Inulin and diodrast clearances w 
determined in fourteen patients; a total of twenty separate studies were mace. 

In five patients with pernicious anemia, nine renal clearance studies weie 
obtained. The average glomerular filtration rate was 1 3 ml. per minute as 
compared with a control average of 119 ml. per minute. The aveiage lena 
plasma flow in the patients with pernicious anemia was 419 ml. per minute 
(control average, 640 ml. per minute). The average effective renal blood flow 
in these patients was 617 ml. per minute (control average, 1050 ml. per minute) . 
These results reflect very definite decreases in glomerular filtration rate, rena 
plasma flow, and effective renal blood flow. However, the most striking a> 
normality is evident in the effective renal blood flow. 

Eight studies in six patients with sickle cell anemia revealed ^ an even 
greater reduction of glomerular filtration rate, with an average of 60.2 ml. per 
minute. The average renal plasma flow in this group was reduced to about the 
same degree as in the patients with pernicious anemia with an average of 398 
ml. per minute. The effective renal blood flow was determined in only four 
instances; hence, the average of 386 ml. per minute is not comparable. 

It is significant that the effective renal blood flow was definitely increased 
in two patients with pernicious anemia after remissions had been induced fol- 
lowing the institution of specific therapy. 

Chronic anemia may be associated with decreases in glomerular filtration 
rate, renal plasma flow, and effective renal blood flow. The impairment in 
glomerular filtration rate is more marked in patients with sickle cell anemia 
than in patients Avith pernicious anemia. There is a tendency for recovery of 
these functions toward normal in patients with pernicious anemia as a remission 
develops. 
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48. TUB TREATMENT OF EX P E R I M ENT A L UREMIA BY 
INTESTINAL LAVAGE 


Beverly II. White, M.D. (By Invitation), and Henry N. IIarkins, M.D. 

Baltimore, Md. 

With the marked interest in peritoneal irrigation as a treatment of uremia, 
it was felt advisable to explore further the possibilities of intestinal irrigation 
despite a few unfavorable reports in the literature. 

Isolated high intestinal loops (Tliiry- Vella fistulas) were prepared in dogs 
and the intestinal continuity restored by end-to-end anastomosis. Eleven to 
twenty-eight days later a bilateral nephrectomy was performed. Five control 
dogs so treated died in from 52 to 304 hours following nephrectomy (average, 
seventy-three hours) and the terminal blood urea nitrogen levels varied from 
145 to 2(15 mg. per cent (average, 1.03 mg. per cent). Six experimental dogs so 
treated, but, in addition, submitted to irrigations of the intestinal loop, died in 
from sixty-three to ninety-nine hours following nephrectomy (average, eighty- 
one hours) and the terminal blood urea nitrogen levels varied from SO to 220 
mg. per cent (average, 144 mg. per cent). It is thus seen that the duration of 
life in the irrigated dogs was not appreciably lengthened, probably because of 
a severe disturbance in the electrolyte pattern of the blood, which was only 
slightly relieved by calcium gluconate. 

However, the average terminal blood urea nitrogen level was lowered by 
about 2(5 per cent. Furthermore, during the eighteen irrigation procedures to 
which the six experimental dogs were submitted, the blood urea nitrogen level 
was kept constant or was lowered in eight, or 45 per cent. The amount of 
urea nitrogen removed varied from 1.3 to 14 mg. per inch of intestine irrigated 
per hour. Best results in this regard were obtained with hypertonic fluids. 

Conclusion . — Irrigation of intestinal loops will remove fairly large amounts 
of urea but does not appreciably prolong the life of the animals tested. 


49. EXPERIENCES WITH THE .MURRAY ARTIFICIAL KIDNEY 

Conrad R. Lam, M.D., and Joseiui L. Ponka, M.D. (By Invitation) 

Detroit, Micii. 

At the 1947 meeting of the Central Surgical Association, Gordon Murray 
of Toronto described an artificial kidney with which he had had some success 
in the removal of nitrogenous products from anurie dogs and human patients. 
The principle was that of dialysis through a cellophane membrane. Blood was 
caused to flow through small-bore cellophane tubing which was immersed in 
a solution containing the dialyzable substances which it was desired to retain. 
The blood was removed from one iliac vein by a catheter inserted through the 
saphenofemoral junction and was allowed to return into tiie other iliac vein. 
Propulsion of the blood was obtained by a sterile pump arrangement operated 
by an electric motor. The dialysate was maintained at body heat and was 
agitated by a suitable mechanical device. A trap was provided to prevent air 
embolism. 

We prepared an apparatus similar to that of Murray. The dialysate solu- 
tion was that of Ivolff of Holland. It had the following composition: NaCI, 
0.6 per cent; NaHC0 3) 0.2 per cent; KC1, 0.04 per cent; and glucose, 1.3 per 
cent. We have used the apparatus on ten nephrectomized dogs and two anurie 
patients. Approximately 2 Gni. of nonprotein nitrogen were removed each 
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hour from clogs whose blood n o n p r o t e in ni t l o e n w ‘ l » * t ] ie use of heparin, 
per 100 milliliter. The duel advene effect v .as i elate 

which is necessary to maintain the Jluid y ..j 0 . rcat ly diminished renal 

The first patient was a man aged -1 y cal ;- T g e artificial kidney was 
function due to repeated episodes ot 'je ' 1 " ,'j | was dialyzed against 120 

attached for eight hours, during which tin • 2(50 mg. per cent. Al- 

liters of solution. The initial nonprotein udj° B e j, d the fina l nonprotein 
though 27 Gm. of nonprotein nitrogen u to 294 m g. per cent. The 

nitrogen of the blood showed a paradoxic ‘ ounc j one of the catheters, 

run was discontinued because of serious b n the apparatus had 

The patient expired in pulmonary edema twelve horn s 

been disconnected. with acute hepatitis and 

The second patient was a man o- yeai s 0 o , It was questioned 

urinary suppression. He had been ^ liver » Jewell as an “artificial 

if the apparatus might serve as an ; or twenty-nine and one-half hours; 

kidney.” The apparatus was operated fo nv ,„vntpin nitrogen falling from 
81.6 Gm. of nitrogen were removed, the blooc n 1 pt 00 d sugar level, the 
129 to 89 mg. per cent. There was no change £ theUjwd isug^ the ’ ve ry 

chlorides rose from 365 to 427 nig. pel ■ ’ f 10 Rer cen t calcium gluconate 

low level of 3.5 mg. per cent . Fifty.milliliters of Wpje® ^ pat ? e nt show 
had been given to combat this calcium loss . the run _ No autopsy was 

clinical tetany. He expired eight liouis 

obtained. • e ff eC tive to a limited extent 

It appears that an apparatus of this Y • of hypocalcemia if the 
in removing nitrogenous products, lneie . 
dialysate formula of Kolff is used. 

* 

50. LIPOID NEPHROSIS 

Walter M. Block, M.D. (By Invitation), Robert L. Jackson MJ)„ and 
Joseph I. Routh, Ph.D. (By Invitation), Iowa City, Io 

Clinical and biochemical studies of phndJ’e^are'aUve” nhieteerTlfav^been 
sis are evaluated. Twenty-six ot the chdd ^e three w h 0 had minimal 

entirely well for one to sixteen yeai , f or less than a year and 

hematuria on various occasions. Ttucehave hiidren who had received 

four still have active disease. Of twenty t r Vr f ,„ vnr>( , v W as done on ten 

sulfonamides for infections, only three have die . - , were seen in the 

of the fifteen children who died. Minor glomerular changes we seen in t lie 

kidneys of four children not known 

menilar changes occurred m two cmiuien hm minimal 

four children who did not 

hematuria on several occasions. 1 atnoiogic uia „ 

unless acacia had been given. - 

t 1 1 revealed no significant alteration ot the pro- 

Laboratory determinations ie%eaieu " , - , • tllp cholesterol 

thrombin time. Most of the increase in the blood tats was in the cnoieste 

fraction The nercentage of cholesterol esters was not decreased. In case ot 
recovery the cholesterol returned to normal values at a slower rate than the 
serum albumin. Blood fats reached values exceeding o Gm. per 100 ml. m some 
instances. No “critical edema level” for a buram was found. seen 

children free from edema with albumin values below 1 Gm. per 100 ml. and 
others with edema with values of 2.0 Gm. per 100 ml. lhe sedimentation test 
was a reliable guide in determining the course oi the disease. JMectrophoretic 
analyses of thirty plasma samples revealed uniformly low albumin values. 
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while the most pronounced change was the increase of the alpha 2 and beta 
fractions of globulin. During recovery, albumin increased, but the gamma 
globulin was slower in attaining normal values than the other fractions. No 
correlation was found between changes in the sedimentation rate and any in- 
dividual protein fraction. 

Choline citrate (0.8 Gin. each day) given to seven children for prolonged 
periods failed to produce essential changes in the blood fats or definite clinical 
improvement. 

Periods of sudden change in edema were found to be critical times for the 
nephrotic child. Two children developed cardiac failure after the injection 
of large volumes of sucrose. 

Early diagnosis is important, for treatment is most effective in the 
early stage. 

The prognosis is good since the advent of cliemo- and antibiotic therapy 
and is not impaired by prolonged duration. (Growth of the children who re- 
covered was good. 


(To be concluded in the December issue.) 



COLLOIDAL GOLD CONTAINING THE RADIOACTIVE ISOTOPE Au ins 
IN THE SELECTIVE INTERNAL RADIATION THERAPY OF 
DISEASES OF THE LYMPHOID SYSTEM 

0. W. Sheppard, PhD., James P. P». (Ioodell, M.D., and P. F. Hahn, Ph.D. 

Nashville, Tenn. 

T HE use of colloidal sols containing radioactive manganese in selective in- 
ternal radiation therapy of diseases of the lymphoid system has been 
reported in an earlier communication. 1 In the report it was stated that othei 
isotopes might be of therapeutic interest. More recently the release of radio- 
active isotopes from the chain-reacting uranium pile prompted us to consider 
the use of a different isotope since Mn" 2 was not available in therapeutic amounts 
from this source and since the wide choice of isotopes permitted a more favorable 
selection to be made. In making an appropriate choice it was required that 
the half life, radiation, and specific activity be suitable (with absence of long- 
lived contaminants and toxic effects), that the production cost be low, and 
that the chemical and biological behavior be familiar. These requirements weie 
best met by the radioactive isotope of gold Au. 198 In this communication the 
suitability of this isotope for therapeutic use will be discussed, and methods of 
preparation of the sol, dosage determination, and administration will be 
described. Clinical results are reserved for a separate communication now in 
the course of preparation. 


HALF LIFE AND CONTAMINANTS 

The half life of Au 198 is 2.73 days. 2 We find that this rate of decay is 
ideal in therapy since the patient receives three-quarters of the radiation from 
a given dose in about five and one-half days. The therapist is then in a posi- 
tion to give additional treatment or not, at his own discretion. This permits 
rather good control of the radiation which is not possible in the case of longer- 
lived isotopes. 

Practical considerations prevent the use at this time of isotopes of much 
shorter half life than Au. 198 As decay rates materially increase, transporta- 
tion must become increasingly rapid, and the possibility of preparing the 
colloid in one laboratory for delivery to another qualified center for administra- 
tion is lost. Furthermore as the period of radiation decreases, biologically 
effective doses must increase, necessitating more elaborate precautions for the 
Protection of the worker. Although not established there is reason to believe 
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that the incidence of radiation sickness will increase as more intense closes of 
radiation are delivered over shorter periods of time. 

Before any new radioactive isotope becomes acceptable for therapeutic use, 
the amount of long-lived contaminants present should be investigated. In the 
ease of gold it is fortunate that no long-lived isotope of this element is known. 
Thus one must be concerned only with the presence of foreign elements in the 
original gold from which the isotope is prepared. Those most likely to he 
present are silver and copper. Traces of silver may give rise to the 225 day 
isotope of this element. For this reason a decay study was made on a sample of 
the gold containing the isotope. The decay was first investigated by following 
the gamma radiation with a Lanrit.sen electroscope; later the decay was followed 
by' measuring the activity with a (!eiger-.M idler counter which is predominantly 
sensitive to the beta rays, it was found that the decay curve was strictly 
exponential for well over ten half lives at which time the activity became too 
weak to follow. This is a ‘ ‘clean*’ isotope only because gold of suitable purity 
was activated in the first place. 

CHEMICAL AND lHOLOUICAL I1KHAVIOU 

The chemical behavior of gold is as familiar as that of most elements 
and the preparation of colloidal susponsoid sols of this element is extremely 
simple. Such sols are stable and will withstand repeated autoclaving at 120° C. 
They can he concentrated by boiling, and a reasonable amount of dissolved 
salts does not appear to affect the stability. This is in definite contrast to our 
experience with sols of manganese oxides which must be dispersed under sterile 
conditions since they do not withstand subsequent sterilization. 

The biological behavior and toxicology of ionic gold are well known. The 
literature on colloids is less complete. However, the distribution in the rat of 
intravenously administered colloidal gold sulfide has been studied. 3 Our own 
investigation 4 lias shown that, in the human being, particles of intravenously 
administered colloidal metallic gold are phagocytosed by retieulo-endothclial 
cells, with a higher concentration in the spleen than is obtained with manganese. 
If wc assume that it is desirable to irradiate this organ rather completely in most 
instances the latter feature is a desirable one. In the present case the toxic 
effects of ionic gold present no problem. Due to the insolubility of metallic 
gold blood levels arc low following its deposition in the body. An additional 
safety factor is achieved by limiting the amount of gold to 4 mg. or less per 
dose. In the course of considerable clinical experience we have never observed 
any' effects which might be attributed to gold toxicity'. 

RADIATION EMITTED 

Au iss emits negative electrons with a maximum energy of 0.7S mev and 
two gamma rays with an energy' of 0.2S and 0.44 mev have been found. 2 ’ 5 
Although a hard 2.5 mev gamma ray' is reported it is not intense enough to 
make shielding difficult. Two inches of lead give ample protection for the 
largest amounts involved and considerably thinner shields suffice in many in- 



COLLOIDAL GOLD CONTAINING AU m IN DISEASES OF LYMPHOID SYSTEM 1439 

stances. The gamma rays arc penetrating enough to permit external tracing 
of activity in the body of the patient by the use of a directional Geiger-iMullet 
counter. Recent studies would indicate that some features about the disintegra- 
tion of Au 103 still require further clarification. 5 

PRODUCTION OP RADIOACTIVE GOI.D 

The isotope is provided by the Atomic Energy Commission and is prepared 
by exposing metallic gold to the flux of slow neutrons in the chain-reacting pile 
at Oak Ridge. The reaction is 

J9 Au , 9T -f on 1 7 jAu , m . 

The simultaneous factors of abundant parent isotope, high capture cross section, 
and high neutron flux place this isotope in the high range of specific activities 
produced by the pile. It is this which permits such high and therefore thera- 
peutically effective radiation doses to be administered in such small amounts 
of gold. At the present time the limitation in production is set primarily at 
quantities which may be safely shipped. Even with this limit the cost is roughly 
only two to five dollars per dose. 

PREPARATION AND ADMINISTRATION 

The chemical procedure in the case of radioactive gold is extremely simple. 
No radiochemical separation is required. It is merely necessary to convert the 
metallic gold to a solution of gold chloride (probably aurochlorie acid) and to 
reduce this once more to metallic gold in alkaline solution by adding ascorbic 
acid. The presence of gelatin, although not essential, increases the reliability 
of the procedure. 

Gold foil (16 mg.) containing radioactive gold is transferred to a long- 
necked Kjeldahl flask provided with a female ground joint. This is supported be- 
hind two-inch lead bricks and is viewed in a mirror. A few drops of aqua regia 
are sufficient to dissolve the metal. The solution is then evaporated to dryness. 
Since high temperature decomposes the gold salt, the flask is evacuated by 
inserting a male ground joint connected to a vacuum pump. The flask is heated 
with a water bath and because of its rounded shape safely withstands evacua- 
tion. After drying is complete, 50 c.c. of pyrogen-free water and % c.c. of 
Knox P-20 gelatin* are added. The solution is made alkaline by adding 1 to 
2 drops of concentrated KOH. A solution of 25 mg. ascorbic acid in 10 c.c. 
of water is then added; a deep red colloid forms instantly. In all operations 
the use of long pipettes and tongs provides added safety for the worker. In- 
dividual doses arc dispensed from a simple pipette constructed from a 50 c.c. 
Pyrex graduated centrifuge tube of the conical type. The dispensing tip is 
attached to the bottom of the tube. Its long S shape permits withdrawal from 
the long-necked flask while the pipette rests behind the protecting lead shield. 
The open top is drawn down to a small diameter and is connected through a 
rubber tube to an external syringe by which the pressure may be controlled 

N. j. ' FurnlMlc ' 1 by I,r - D - Touru-IIotte of the Knox Gelatin Protein Products r; 0 „ Camden. 
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from outside the shield. The volume of liquid may bo observed in the mirror. 
Doses are dispensed into penicillin bottles which are placed in lead-carrying 
shields. These provide protection during autoclaving and local transportation. 

Intravenous administration is facilitated by the use of a saline infusion. 
The saline solution is run into the cubital vein in the usual manner and after 
satisfactory flow is established the sol is poured into the solution by the use of 
tongs. This technique permits the maintenance of a safe clearance at all 
times. 

TIIK DOSACK t; NIT 

The radioactivity of each dose is determined by measuring the gamma ray 
intensity at a distance of 1 M.. using a Lauritsen electroscope.® Measurements 
are made on an ordinary laboratory bench which introduces minor uncertainties 
in the radioactivity of samples of variable size and shape due to scattering 
and to absorption effects. However, studies have shown that the accuracy is 
sufficiently good for therapeutic work. Sufficient material must surround tin; 
sample to remove all beta rays. This is achieved by placing the sample con- 
tainer in a large glass beaker. 

Pending the establishment of accurate millicurie standards of radioactive 
gold it was decided to adopt an empirical dosage unit. This was the amount of 
radioactive gold which produces a discharge rate of 0.5 small division per minute 
on our electroscope. The radium discharge rate determined by the manufac- 
turer for this instrument was 2.14 small divisions per minute per milligram 
of radium at 1 meter. This figure should suffice to compare our instrument 
with others from this source. However, the lack of sufficient information con- 
cerning the technique of their measurement makes the value unreliable in 
absolute amount. 

Before the absolute decay rate for a given sample of Au ,,,<i can be established 
with certainty it will be necessary to investigate the decay characteristics of 
the isotope further. However, if it can be assumed that the two gamma rays 
of Au 13S are emitted in cascade at each disintegration and that the effect on 
the electroscope of each quantum is proportional to the energy of the quantum, 
it may be estimated from the response of the instrument to accurately calibrated 
radium needles of known filtration that one unit is roughly 0.3 millicuries. This 
estimate is subject to a number of uncertainties. In any event, conservative 
initial dosage is recommended in order that the response to radiation can he 
established to the satisfaction of the therapist. 

SUMMARY 

Colloidal gold containing the radioactive isotope Au I9S has been used in 
therapy of diseases of the lymphoid system. The material is obtained at low 
cost from the chain-reacting pile at Oak Ridge. The isotope has an ideal half 
life and good radiation characteristics. The chemical procedures are simple, 
and extremely stable colloids can be prepared. Toxicity effects due to gold are 

•Manufactured by the Fred C. Henson Co.. Pasadena, Calif. 
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not encountered. The leelmique for preparation, dosage measurement, and 
administration is described. Clinical results are reserved for a later communica- 
tion. 

AYe wish to thank the Isotopes Branch of the United States Atomic Energy Commission 
and the cooperative personnel of the Clinton Laboratories who made possible the use of the 
radioactive material investigated in this research. 
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DIRECT INFILTRATION OF RADIOACTIVE ISOTOPES AS A MEANS 
OF DELIVERING IONIZING RADIATION TO DISCRETE TISSUES 


P. F. IIaux, Pix.D,, J. P. B. Goodkli,, H.D., C. W. Shkitahd, Pii.D., 

R. 0 . Caxxox, axd II. C. Fkaxcus, .U.D. 

Na.siivii.li;, Tkxx. 

E LSEWHERE 1 ’ * we have described the use of radioactive colloids of 
j\In s O_. and Au° in an attempt to radiate speeitieall.v the lymphoid-macro- 
phage system. The iln()„ sols were found to he gradually liberated, with evi- 
dence of secretion by way of the biliary tract. In the ease of the gold sols, how- 
ever, it was found by use of a directional type of counter 3 that the radioactive 
material remained in the tissues in which it had been deposited (that is, chiefly 
the liver and the spleen) for as long as measurements could be made . 5 Because 
of the chemical characteristics of metallic gold it was felt advisable to determine 
whether the insolubility of gold colloids in body fluids could be used to advantage 
in direct infiltration of neoplastic tissue. 

When radium needles or radon seeds are implanted in tissue in order to 
provide localized radiation, it is necessary to filter the alpha and beta emana- 
tions in order to avoid too intense radiation immediately about the needle or 
seed itself. Dependence is then placed on the cross fire of gamma radiation to 
the affected tissue, but some radiation of the adjacent normal structures cannot 
be avoided. In utilizing the radiation from colloidal sols directly infiltrated 
into the tumor tissue, many millions of “point, sources'’ of radiation arc involved 
in emitting beta rays diffusely throughout the injected volume of tissue. Since 
the mean free path of the beta ray is of the general order of a millimeter, any 
considerable irradiation of normal surrounding tissue is avoided. In the case of 
either Au 193 or An 109 isotopes one is not too greatly concerned with the gamma 
radiation per se since the ionization produced is not of great consequence in com- 
parison with that derived from the beta radiation. However, the gamma radia- 
tion is of particular value in enabling the investigator to measure the localiza- 
tion and relative degree of concentration of infiltrated material. 

Certain metastatic lesions are so vascular that injection results in effecting 
an intravenous administration of the colloidal particles, as will be seen in at 
least one instance below. 

Also, some tumor tissue has been found to be so friable or otherwise con- 
stituted that it will not contain even relatively small volumes of fluid. In such 
instances the procedure as outlined in the foregoing becomes untenable. Under 
such conditions it is felt that resort to other procedures must be taken in order 
to establish the radioactive material at the desired site. Preliminary investiga- 
tions are under way to determine whether the propensity for silver to become 

From the Departments of Biochemistry, Medicine, Obstetrics and Gynecology, and 
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fixed to tissues might be employed to circumvent this problem.- 0 Several 
possible reactions are involved: (1) Reduction of the radioactive silvei whe 
injected as the Ag*N0 3 salt to metallic silver with relatively permanent fixa- 
tion by the tissue by the presence of reducing materials such as glutathione an 
cevitamic acid; ( 2 ) precipitation of the silver as a chloride iy in eiac ion wi 
tissue chlorides; and ( 3 ) combination ol the silver with the tissue pio ei “ s 0 
form relatively insoluble compounds. Silver colloids, especia 3 1 a o 
oxide, also seem promising at the present writing . 0 . . , 

Possibilities involved in the use of radioactive silver are legion. Topica 
application of radioactive silver nitrate is a logical and leasonai e appioaci 
irradiation of superficial lesions. 

Because Ag 111 is a pure beta emitter, it is not possible to app y ac eqiia e 3 
external measurement apparatus for determination of the loca ization 01 in en^ 
sity of radiation from the material deposited deeply in the tissues. is ina J 
be circumvented in part by adding small tracer quantities 0 °“e > ive . 

Agios, no^ but such a procedure must lie considered carefully because little is 
known regarding the rate of removal of silver from tissues under such condi- 
tions. In the case of superficial tumors which, following radiation, can be re- 
liably expected to slough off, such a procedure might be justifie . ie expen 
mental preliminary studies demonstrating the localization of silver m tissues 
will be reported elsewhere.- 0 


METHODS 

The preparation of the colloidal sols has been described earlier.!- 1 Ordinarily the gold 
sols for intravenous administiation were made up to contain 2 Vanderbilt units ( V. U.) pe 
milliliter. Such concentrations of radioactivity were usually found to be too low for infiltra- 
tion work because of the necessity of injecting relatively large volumes of solutions. T lere- 
fore the gold colloids were concentrated by boiling so that 5 or more units per milliliter were 
obtained. The stability of these colloids allows this to be done successfully. It might also 
be equally practicable to make up the colloid in a smaller volume of solution originally, al- 
though difficulties due to “clumping out” of the gold have been encountered occasionally 
upon attempting to do this. 

Tlio “Vanderbilt unit” repiesents what we estimated at an earlier date to be an ap- 
proximation of a millicurie and it is an arbitrary unit of dosage. It is now felt to represent 
nearer % millicurie. The material is measured at one meter with adequate shielding of beta 
radiation so that the gamma radiation from Aui° 8 only is read on a Lauritsen, radium cali- 
brated electroscope.’' Under such conditions a single ‘ ‘ Radiation Unit ’ obtained from Oak 
Ridge, consisting of 16.0 mg. of gold foil, which has been exposed to a flux of slow neutrons, 
would havo on an average of about 120 V. U. at time of removal from the uranium pile. It has 
been found that approximately 40 V. U. of Au>»8 administered by vein to an adult of average 
sizo may result in a remission in chronic lymphocytic leukemia. 8 Hon ever, it must be kept in 
mind that there is a considerable amount of individual variation in response to such therapy. 

In the cases of discrete encapsulated lesions, the colloid was administered in the same 
maimer as would be emploved for infiltration of a novocain solution. The long needle, 
preferably of small caliber was inserted the maximum desired distance into the tissue and 
the sol released gradually as the needle was withdrawn. 

Following infiltration, frequent measurements were made using the directional counter.^ 
This instrument consists of two gamma sensitive Geiger-AIiiller tubes enclosed in about an 
inch-thick cylindrical lead shield. One of the counters is positioned opposite a removable 


•Obtained from the Fred C. Henson Co., Pasadena. Calif. 
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port whoso opening’ may bo varied from one-fourth to three-fourths inch. The other ia com- 
pletely shielded by the lead. The output of these tubes is fed into two counting rate meters 
which, by an appropriate circuit, are made to subtract. The degree of directionality ob- 
tained is quite high. One is able to find the edge of the liver or spleen with ease, and main- 
tenance of injected material in nodes or tumor masses can be readily followed. The whole 
shielded tube is mounted in a carriage which permits ready translation on all axes as well 
as rotation. 

CLINICAL OnsKKVATIOXS 

E. E., a 2S-year-okl while man. hat] been healed for Hodgkin's disease at 
various times since November, 1945, with x-ray, radioactive colloidal man- 
ganese dioxide, nitrogen mustard, and radioactive colloidal gold, respectively. 
Tlte patient showed good general response to radiation therapy except that there 
were two persistent enlarged lymph nodes in the right posterior cervical chain. 
The larger of these measured 3 by 2 by 1.5 cm. and the smaller measured 1 by 1 
by 1 cm.; 0.25 ml. (1 Y.l".) of colloidal radioactive gold sol was injected into the 
former and half that quantity into the latter by infiltration. The patient com- 
plained of a burning sensation at the site of injection for about one minute, 
after which the pain ceased. Daily examinations during the ensuing week re- 
vealed no swelling, redness, or increased heat in these areas, although there was 
some tenderness on pressure. One week after the injection there was no de- 
crease in the size of either node. At this time the larger node was infiltrated 
with 1.5 ml. of the gold sol containing 5 V.F. and the smaller with 0.3 ml. con- 
taining 1 Y.U. About three hours after injection the patient complained of 
aching pain in these areas. Redness, swelling and tenderness developed, reach- 
ing a maximum in about twelve hours, and gradually subsided. The patient 
was discharged and was not seen for four months at which time he was readmit- 
ted to the hospital. There was an area measuring about 2 by 2 cm. in the right 
lateral cervical area directly over the site of gold injection which showed a blu- 
ish discoloration. There was a slight tenderness in this area and a small pea- 
sized, nontender, firm node was palpable just inferior to the area of discolora- 
tion. No other lymph node enlargement was observed. 

H. II., a 57-vear-old white man, had had a long standing bronchiectasis and 
known generalized lymph node enlargement of three years’ duration. On 
Mar. 6, 1946, biopsy of an axillary node revealed lymphosarcoma. Intravenous 
therapy with radioactive colloidal manganese dioxide was begun and an en- 
larged lump over the left clavicle diminished somewhat in size as did most 
of the lymph nodes. There was marked subjective improvement. He was given 
occasional intravenous injections of colloidal MiiO, and later of colloidal gold. 
On Feb. 12, 1947, he was admitted to the hospital for blood transfusion and at 
this time the supraclavicular mass measured 14 by 12 cm. and was elevated 3.;> 
cm. above the surface of the surrounding skin (Fig. 1). Seven Y.l*. of colloidal 
radioactive gold in 7.0 ml. of solution were infiltrated diffusely into the center 
of the mass. The patient noted a sensation of constriction in the area for sev- 
eral hours, but no other symptoms were subjectively felt and over a period of 
twenty-four hours there was no tenderness, increased heal, or redness. A week 
later there was a definite decrease in the size of the mass centering about the in- 
jected area and it was softer. Measurement showed the mass to be 12 by 10 
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centimeters. Use of the directional counter for measurement of gamma ray ac- 
tivity showed good localization of the radioactivity in the mass. At this time 
an additional 12 V.U. of sol in S).0 ml. of solution were infiltrated into the tumor- 
tissue in the upper mid-portion; the patient again complained of a feeling of 



Fig.l. — Fibrosarcoma prior to treatment. 



Fig. 2. — Fibrosarcoma four weeks later. 

tightness and constriction but nothing else.. Another 14 V.U. were infiltrated 
011 -6> 1947, and an additional 7 V.U. -on. Mar. 19, 1947. 

ioi- T / h Tv 1Ufi ! traled 111 ass had completely disappeared at examination on April 1 

(big. 2). 1 



1446 


IIAHX, GOODKI.L, SIlKWAlU), CAXXOX, AND i'KAXCIS 


G. S., u 35-year-old white woman (gravida ii. para i, abortus i), was ad- 
mitted to the gynecologic serviee .May a, 15)47. Five months previously she had 
received a supravaginal hysterectomy and bilateral salpingo-ociplioreetomy for 
vaginal bleeding. She was found at this admission to have a Group 4 squamous 
cell carcinoma of the cervical stump (pathologic grade 3). Pelvic examination 
showed an asymmetrical, nodular cervix which showed gross evidence of car- 
cinomatous slough and growth. The lesion measured 3.;"i by 3.5 cm., with marked 
necrosis of the right posterior lip and central portion. The tissue was very fri- 
able and bled easily on manipulation. Infiltration of the parametria was found 
all tlie way to the pelvic wall on both sides. On May S, 1947, 1 1 V.U. of radio- 
active colloidal gold sol (3.5 ml.) were injected into the left lateral portion of 
the cancer mass. The right half was not inliltrated to serve as a control. A 
lead-shielded 2 ml. syringe with a 22-gauge needle was used for the injection in 
a manner such as employed for local anesthesia. A vaginal puck was inserted 
and all towels and operative packs were collected for determination of radio- 
activity lost by leakage. On May 9 the pack was removed and a reading on the 
Lauritsen electroscope showed that there was no significant (less than 0.5 V.U.) 
loss of material. 

Observation of the site of injection showed no appreciable change until May 
15 when two observers noted a slight area of redness on the left as contrasted 
with the right. Biopsy was taken of the injected and of the control areas. Mo 
difference was noted except some increase in mitoses in the untreated area which 
was not considered significant. On May 10, 13, and IS measurements by means 
of the directional differential counting rate meter showed that the radioactive 
material was well localized in the pelvis and neither the liver nor spleen showed 
any radioactivity. 

On May 21, 44 V.U. of gold sol (13 ml.) were infiltrated into the entire car- 
cinomatous mass. There was a moderate degree of bleeding during the pro- 
cedure and some of the radioactive material was seen to ooze from the injected 
site. It was felt that 13 ml. were too large a volume of solution for this size of 
growth. Vaginal packs removed the following day, as well as pucks saved at 
the time of injection, showed a loss of 24 V.U. of material. On May 23, local- 
ization studies with the directional counter showed very small amounts of 
activity in the hepatic and splenic areas, but most of the radioactivity was 
demonstrable in the pelvis. Similar findings were noted on May 25. The pa- 
tient showed no systemic reaction to the radioactive material and was discharged 
on May 29, 1947, to be followed in the outpatient clinic. The patient died at 
home on July 13, 1947. 

M. B., a 20-year-old unmarried colored woman (gravida iii, abortus hi), 
while under treatment for secondary syphilis was found to have squamous cell 
carcinoma of the vagina. On May 22, 1947, the patient was found to have a 
friable, fungating mass approximately 4 by 6 cm. in the'posterior vaginal wall. 
On May 2S, 60 V.U. of radio gold sol were infiltrated. Operative packs, as well 
as the vaginal pack removed the following day, showed a loss of 57 V.U. of gold, 
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l.aviti" a negligible amount ill the injected mass. However, on May 31 ■ wliat 
mSal was le?t in .be tumor was found to be well localised by means of the di- 

W, 05 V.U. Of radio gold sol (4 ml. of solution) were in- 
Ultra® dfl tlm eareinomatous mass, but seepage collected in the pacta . showed 
a loss of 50 V.U., leaving only 15 units in the tissue. There was no si. stem, c 

reaction to the radioactive material. _ . ■, , ,, 

It was apparent that the extreme friability of tins tissue £ 

tention of the gold sol. The patient was later treated with interstitial implanta- 

,i0n E. T ad a62-year-old colored woman (gravida i. para i), was found t 0 have a 
far advanced (group 4) squamous cell carcinoma of the eeiux. _ e J\* 1 
previously had received deep x-ray and radium theiapj wi 1 no ' 

There had lieen several episodes of vaginal bleeding and the patient w - 

ted on May 11, 1947. Pelvic examination showed marked stenosis of the va 0 m 
canal, obliteration of all vaginal forniees^ and replacement o t e cervrs 
nodular, necrotic cancer mass. On May 15, 16 A .U. o go so ( m . o 
tion) were infiltrated, and later measurement of the packs showed less than 
V.U. lost by seepage. Observations with the directional counter on _ y 
and 23 showed the radioactive material to he well localized m the pehus, none 
being detectable in the hepatic and splenic areas. There was no systemic m - 
testation attributable to the radioactive material. Dai j tempeia ure spi - 
isting prior to the infiltration showed no change. The patient was ^charged on 
May 28, 1947, to he followed in outpatient clime. On the tenth daj folio „ 
discharge the patient reported a small hemorrhage of an hour s duration, No 
significant bleeding occurred in the six weeks following It was the consensus 
that there was no significant change in the condition of the carcinomatous mass 
due to the radioactive material, possibly because of the ow osa 0 e emp oye . 
The tissue showed the ability to retain the material and it was felt that such 
local injection of radioactive inert material might offer an approach to the prob- 
lem of hemostasis in bleeding of far advanced cases of cancer of the cervix. . 

C S a 29-year-old white man, had been under treatment for chronic 
lymphocytic leucemia for the past year. The patient originally had shown 
marked hepatosplenomegalv and extensive lymph node enlargement. There were 
numerous subcutaneous lesions seen on the forehead. These were violaceous 
in color and were nontender, varying in size from i/ 2 to 2 cm. in diameter. In 
addition there were a number of pinkisli-tan areas of infiltration in the skin 
of the trunk and of both arms, varying in size from 0.5 to 2.5 cm. and averaging 
about 1 cm. in diameter. While under intravenous treatment with the radio- 
active manganese dioxide colloid, there was a diminution in the size of the livei 
and spleen and a reduction in the white cell count to desired limits as well as good 
general subjective improvement. Nevertheless the subcutaneous lesions were un- 
affected over the period of a year and, if anything, were increasing in size and 
number. On Jan. 2, 1917, 0.15 ml. of colloidal radio gold (0.5 V.U.) was in- 
jected into each of the two nodules on the forehead. These nodules were care- 
fully measured, together with two adjacent nodes left uninjected as controls. 
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Six days later tlie patient reported no subjective change since the injection ex- 
cept persistent itching in the injected nodes, but no redness, pain, or increased 
heat. Examination showed no change in the size of the nodes in the horizontal 
plane. Palpation, however, revealed a definite hollowing out effect in the center 
of each injected nodule. The nodes which had measured about 2.0 cm. in di- 
ameter were depressed and softened in an area measuring about 1.0 cm. in di- 
ameter. There was no redness or tenderness. At this time, 0.25 ml. (1.0 V.U.) 
was injected into each of three new nodules of about 2 cm. diameter on the fore- 
head. The patient complained of a stinging sensation at site of each injection. 
The next week the three nodes injected were flat, although the outline of each 
was clearly distinguishable on the surface of the skin and the dimensions in the 
horizontal plane remained the same. There was a grayish-black discoloration of 
the skin which measured about 1.0 cm. in diameter immediately overlying the 
site of each injection. There was no redness, tenderness, swelling, or increased 
heat in any of these areas. At this time, 2.0 V.t T . in 0.3 ml. of solution of col- 
loidal gold were injected into each of the two most posterior nodules on the to]) 
of the head. The next week, on examination, the last two nodules injected were 
entirely fiat. There was no pain or tenderness or local tissue reaction at the in- 
jected site. 

The following week the patient was readmitted to the hospital for blood 
transfusion and supportive therapy. On this occasion some preliminary at- 
tempts at topical application were carried out. The gauze portion of several 
Band-Aids was soaked with radio gold in the form of the chloride and placed 
in position over several of the lesions on the upper back. Each Band-Aid con- 
tained about 2.0 V.U. of radioactive material. During the ensuing three days 
a small area of erythema began to develop in each of the treated areas and the 
patient was aware of a progressive increase in tenderness. On the third day the 
Band-Aids were removed. At that time each area of erythema measured ap- 
proximately 3.0 cm. in width. The inflammatory reaction became progressively 
more marked and at the end of two weeks there was a crust of dry tissue measur- 
ing about 2.0 by 3.0 cm., this being surrounded by a ring of erythema of about 
2 cm. width. The lesions at this stage were nontender, dry, and clean. During 
the following week the crusted portions of the lesions underwent desquamation, 
leaving underneath an area of smooth, pink, normal-appearing skin in which all 
gross evidence of leucemoid infiltration had disappeared. 

On a number of later occasions subcutaneous nodules were infiltrated with 
colloidal radio gold, usually 1 V.U. of material being injected in each site. The 
reaction to the radiation was similar to that seen in the earlier trials. 

"When the patient reported on May 13, 1947, the most striking change was 
marked increase in the size of the lympoid masses earlier found in the groin, 
that on the right measuring 16 by S cm. and that on the left 12 by 9 centimeters. 
Each mass was raised about 2 cm. above tlie surrounding skin. Both were firm 
and nontender. Fifteen V.U. of radio colloidal gold in 15 ml. of solution were 
infiltrated into the mass in the right groin. The transitory burning sensation 
disappeared after thirty seconds. Eight days later the skin overlying the in- 
jected mass showed a dark red discoloration but there was no increased heat or 



1449 


DIRECT INFILTRATION OF RADIOACTIVE ISOTOPES 

tenderness in the region. The mass was slightly decreased in ^e, mea«irmg 
14 by 7 cm., and was definitely softer than the unmjccted -ss on the left 
On this date the patient announced that he was leaving tm\n o « ^ 

period. When lie was readmitted to Vanderbilt Hospital on u > > ’ 

was found that the "right inguinal mass had diminished greatt.wn 
that on the left was slightly larger than previously, although the exa - 
house officer did not make any actual measurements. The patient died c 
result of hemorrhage into the peritoneum on August 3, 194 . 

R. M, a 64-year-old white man with hypernephroma and metas uses is . 

was admitted to Vanderbilt Hospital with the chief complaint o w a ■ ■ ■ 

The patient had been well until four months previously when he deve ope p • 
prandial pain relieved by vomiting. There were also anorexia, epigastric full- 
ness, flatulence, abdominal distention, and constipation. ieie was a we o 
loss of forty-five pounds in three months. The pain giacua j ecame n 
severe and the patient weaker. There was an enlarged supiac avicu ai no e as 
well as enlarged inguinal nodes. Retrograde pyelograms showed filling detects 
in the calices of the right kidney. A biopsy of the sup 1 ac avicvi ai no e re 
vealed a hypernephroma metastatic to the node. On Jan. o, ’ ' ' 

radio colloidal gold diluted in 400 ml. of saline were administered mtraperito- 
neally by slow drip. The patient tolerated the procedure well and comp ame 
of no burning or pain at the site of the injection or m the abdomen During 
the ensuing five days repeated determinations of the loca iza ion o e ia o 
active material were made with the directional counter. These showed that the 
material was diffusely spread throughout the cavity and that the majon y re- 
mained in the peritoneum until radioactive decay was neai y comp e ec . ei > 
little radioactivity could be demonstrated in the liver and none m the spleen, 
in which sites the gold would be expected to lodge if it weie passec via u 
lymphatics of the diaphragm into the circulation/’ At no time did the patient 
complain of any abdominal pain, nor did repeated examinations reveal any 
tenderness or spasm. The patient was followed in the outpatient c imc, ns 
course was gradually downhill. 

C. B., a 52-year-old white woman, had a seven months’ history of hyper- 
nephroma. The patient had been treated with radioactive colloidal gold by vein 
on two previous occasions and that material was well localized in the livei, t ic 
spleen, and the remainder of the lymphoid-macrophage system, as shown by 
use of the directional counter.* On Feb. 5, 1947, the patient was given 20 V.U. 
of radioactive gold intraperitoneally in the form of the colloid. Thiee horns 
after the injection the patient complained of a severe diffuse abdominal pain. 
Examination revealed marked tenderness throughout the abdomen. The pain 
and tenderness gradually disappeared in the next twenty-four hours and the pa- 
tient was discharged a day later. Repeated surveys with the directional 
ticigcr-Mullcr counter during the next ten days showed a high degree of ac- 
tivity spread over the entire abdomen. 

On a. later occasion a metastatic lesion in the right occipitoparietal part of 
the scalp was directly injected by infiltration with 4 V.U. ol - colloidal gold. The 
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lesiou was raised, round, and fluctuant and measured 4 cm. in diameter. The 
patient complained of no pain or burning following the injection, but subse- 
quent radioactivity measurements over the area showed no localization at the 
site and suggested that the material was promptly lemoved by the blood stream. 

C. S., a GG-year-old white man, was admitted to the hospital on May 14, 
1947, with the chief complaint of “swelling of the left eye, tiouble seeing and 
pain.” About three months previously he had noted the first swelling on the 
left side of the nose and of the inner aspect of the left eye. Theie was also some 
visual difficulty and diplopia, and frontal headache without dizziness or faint- 
ing spells. Theie was no discharge or bleeding from the left nostril but during 
the previous month theie had been obstruction of this nostril. There was a 



Fis. 3. Fiff. i. 

Fie 3 — Squamous cell carcinoma pi 101 to local infiltration. 

Fie I- — Squamous cell carcinoma fl\ c uecKs later. 


weight loss of forty pounds in the pievious six months. Tlnee weeks prior to 
admission the patient reported to a physician who lemoved “a large amount of 
tissue” from the nostiil and refened him to Vanderbilt Hospital. 

A year prior to admission the patient had noted a lump in the tin oat which 
“cut off my wind” and produced dysphagia and soreness of tlnoat with diffi- 
culty in speech. Shortly before this the patient had noted slight hemoptysis 
characterized by bright led blood on two occasions. On consulting a physician 
the patient was told he had a tumor of the tlnoat and sent to Nashville where 
the tumor was biopsied and forty-tin ee x-ray treatments given on successive 
days At the end of this period symptoms entirely disappeared Three months 
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before admission the patient noted gradual enlargement of } mp 1 no es 
leftside of the neck as well as those in the inguinal region. . , f 

Of chief interest on examination was a pterygium on the le t me la si e o 
the eye with slight exophthalmos of the left eye. Along the left si e o 
nose and along the medial aspect of the left eye was a ledcisi-iue sue ln^ 
which extended upon the frontal hone about 1.0 cm. above tie e> e iou. 
left eyeball was displaced laterally and there was moderate tenderness over the 
swollen area. The left nostril was filled with gray-coloied tumor issue, 
tongue and hard palate were hyperemic and smooth, with mild ten erness. 
opsy showed the lesion to be a squamous cell carcinoma. (See ' ig- •) 

On May 14, the skin over the nose was prepared with iodine and alcoho 
and novocaine infiltrated into the tumor mass. Nine \ andeibilt units o co oi a. 
radio gold were diffusely infiltrated into that part of the tumoi ovei ymg . e 
nose. The tumor mass in the left nostril was also infiltrated with novocaine 
and 4.0 V.U. of gold were injected. The patient complained of a slight burn- 
ing sensation in the injected area which disappeared in thirty secon s. n 
May 21, when the patient reported to the clinic, the external mass over the nose 
and eve was markedly reduced in size. However, two areas at the me la comei 
of the eye which were not injected were of the same size. The intranasal mass 
on the left had almost disappeared. A repeat biopsy was taken from the pos- 
terior liares. Eadio colloidal gold was injected into the area around the medial 
corner of the left eye, a total of 11 V.U. in about 3.5 ml. of solution being used. 
An additional 3.5 V.U. were injected into the intranasal tumor on the left. 
(See Pig. 4.) 

DISCUSSION 

Direct infiltration' of insoluble radioactive colloidal sols of gold is apparently 
a suitable manner in which to deliver a given amount of radiation to a discrete 


mass of tissue under certain circumstances. 

X-ray can be delivered only from an external source and, except in super- 
ficial lesions, must traverse normal tissues. In tumors originating in deep tis- 
sues of the body, a considerable thickness of normal tissues must leceive ex- 
tensive irradiation in order to obtain effective dosage in the tumoi. In fact, if 
tlie lesion is very resistant to irradiation and deeply seated in the body, ef- 
fective treatment cannot be delivered by* x-ray because of extensive damage pio- 
duced in the intervening normal structures. In the case of injection treatment 
with radioisotopes, the treatment is from within the tumor toward the normal 
tissue. Because of the relatively short path of the beta radiations, considerable 
effect can be produced in the tumor tissue with relatively little damage to the 
surrounding normal structures. Injection treatment of deep tissue malignancies 
may eventually prove to lie a very valuable agent in the treatment of cancer. 
Purthcr experimentation with various malignant tumors and possibly other iso- 
topes is necessary to put this form of treatment on a sound clinical basis. 

It was somewhat surprising to us that in the two instances in which gold 
sols were given intraperitoneallv the material remained in the peritoneum, 
since it had been shown that red cells tagged with isotopes when given by this 
foutc find their way rapidly into the systemic circulation by way of the 
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lymphatic system. 6 It would seem that where generalized diffuse radiation of 
the peritoneal cavity is desired, as perhaps in abdominal Hodgkin’s disease, 
this might afford a reasonable means of accomplishing it. 

In one of the patients with a scalp lesion metastatic to a hypernephroma, 
injection of the colloidal gold failed to show retention at the site of administra- 
tion. At autopsy some weeks later it was found that these lesions were traversed 
by large sinusoids containing blood, and we feel that, in effect, in this case the 
result was similar to that which would have occurred with intravenous injection. 

Host, of the subjects treated were far advanced cases in which trial of ma- 
terials whose correct dosage was unknown was felt justified. In every instance 
an attempt was made to err on the conservative side and, therefore, we feel that 
usually the patient was grossly undertreated. However, until more is known 
concerning the equivalent dosages for various isotopes and until sufficient 
empirical experience has been obtained to set the correct limits of dosage such 
a procedure probably will be necessary. 

In patient M. B., with carcinoma of the vagina, the character of the tumor 
mass was such as not to hold injected fluid in a satisfactory manner. Packs 
removed after instillation and after twenty-four hours showed that practically 
all of the radioactive colloid had leaked out of this caulitlower-like tissue. I'n- 
der such conditions it is apparent that the infiltration of gold is highly unsuccess- 
ful. We feel that another approach to such problems would be the instillation 
of Ag llI NO.i, in which the caustic action of the agent is such as to offer hope of 
tying it to the desired tissue, t'nder these conditions we might expect that the 
silver nitrate might undergo reduction by such compounds as cevitamic acid, 
glutathione, or any other naturally occurring reducing agent; it might react 
with the chlorides of the tissue fluids precipitating the AgCl ; or it might be- 
come bound directly to the tissue proteins. It is well known that in argyria the 
silver remains in certain sites for extremely long periods of time. Ag m has a 
pure beta ray spectrum and a half life of seven and one-half days. It is made 
by transmutation from palladium and therefore has a maximum specific activity 
eliminating concern of toxic reactions. 

The feasibility of use of AgNO., by direct infiltration has been briefly tested 
in experimental animals to determine whether it remained at the site of injec- 
tion/’ n These experiments were carried out using Ag 1 "*’ 11,1 made by neutron 
capture in AgNO.,. The half life is 225 days and therefore not suitable for 
human studies. The amounts used in such tracer studies were extremely small 
(about 57 i±g AgNO.,) so the conditions were comparable to what might obtain 
when using the carrier-free Ag ,u in human therapy. 

SUMMARY 

1. Under certain conditions it is possible to obtain a high degree of selective 
radiation of discrete masses of tumor tissue by the direct infiltration of col- 
loidal sols of radioactive gold. In general, the nltraniicroscopic particles of 
<>-old remain in situ presumably because of their insolubility in body tissue fluids. 
As a result, a diffuse radiation is possible at any level of tissue ionization de- 
sired. 
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2. Unlike radium implants, it is not necessary to remove the vehicle sup- 
plying the source of radiation. Furthermore this material can be infiltrated 
into tissues which are inaccessible to x-ray and radium therapy, especially should 
this be feasible in the cases of inoperable tumors found during laparotomy. 

3. Cellular structure or vascularity of a tissue may be such as to preclude 
the retention of solutions injected and the cauterizing properties of AgN0 2 
are suggested as an alternative, using the isotope Ag. UI 

t\a wish to expre.-s our appreciation for the cooperation of many members of the resi- 
dent house staffs in Medicine, Obstetrics, and Surgery, as well as to the members of the De- 
partment of Pathology for their valued assistance. We are especially indebted to Dr. John 
C. Burch, Dr. Herbert Duncan, Dr. G. 8. McClellan, Dr. W. David Strayhorn, Jr., and Dr. 
Albert Weinstein for their cooperation. 
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METABOLISM OK WOMEN DURING THE REPRODUCTIVE CYCLE 
XIV. Tiik Utilization or Pantothenic Anu Drmxii Lactation 

AIakuaukt X. CoitVKLL, Pit. I)., AIaiiv Ellen Hakkis, B.S., Sol AIillkh, M.S., 
Harold II. Williams, Pu.IX , 0 and Icik (!. .Mac.y, Ph.I), 

Dktuoit, Alien. 


M ANY studios of the metnimlisin of pantothenic acid have been made with 
normal and lactating animals, but little information is available concern- 
ing its role in human nutrition. Consequently, t he h'ood and Nutrition Board 
of the National Research Council was not able to include Ibis vitamin in its list 
of Recommended Dietary Allowances. Since animal experiments have indicated 
the importance of this vitamin in leproduction '" 5 and in the growth of young 
animals, 4, it is likely that it is important similarly in human nutrition. During 
studies of the utilization of nutriments from food by normal laetating women, 
pantothenic acid was determined in their food, milk, and urine during the first 
ten days post partuin and during live-day periods at intervals during mature 
milk production. Other papers have presented the details of the selection of 
subjects and the organization of the study ,’ 1 the dietary/ the method of express- 
ing the milk, s and its contents of niacin, pantothenic acid, and biotin , 0 thiam- 
ine , 10 riboflavin, “ ascorbic acid. 1 - vitamin A and carotenoids . 1,1 The proximate 
composition , 14 lipid 10 and vitamin 1 ’ 1 contents of human placentas have been pub- 
lished as well as the utilization of ascorbic acid , 17 vitamin A and carotenoids , 15 
thiamine , 10 riboflavin , 80 and niacin - 1 by the nursing mothers. The utilization of 
biotin is discussed in a following paper.'-- As an adjunct to the study, the 
amounts of vitamins in the milk and urine of the mothers were determined 
before and after ten days in which multiple vitamin supplements were added 
to the diets. The effect of the supplement upon the utilization of vitamin G has 
been published 23 and its influence upon utilization of other vitamins will be 
discussed in papers now in preparation. 


PltOC’EDUKK 

The subjects of the study were multiparas selected during the first trimester 
of pregnancy on the basis of physical and laboratory examinations and records 
of having successfully nursed their other children. During all periods of study 
the women received diets comparable qualitatively but varying in the quantity 
of all foods, except milk, according to appetite/ Different menus were served 
each day of the five-day study periods and repeated during each period. Aliquot 
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portions ot each food as oaten were weighed into a composite whicli was ac- 
cumulated for each five-day period of study. Both breasts were completely 
emptied by manual expression at the usual nursing intervals and samples taken 
for analysis from the complete twenty-four hour collection of milk. The entire 
excretion of urine during each twenty-four hours also was obtained for analysis. 

Seven women were studied throughout the first ten days post partum. 
tallies were obtained for three other women on their seventh days following 
delivery. Five of the seven women and four others were studied during seven- 
teen five-day periods while they were producing mature milk. 

METHOD OF ANALYSIS 

The preparation of the milk samples and the general microbiologic procedure 
of analysis have been described. 9 

Aliquots (400 Gm.) of ground, mixed food composites were homogenized 
in a Waring Blendor, transferred quantitatively to a 500 ml. volumetric flask, 
and diluted to volume. Duplicate 5 ml. aliquots (representing 0.6 to 0.7 Gm. 
of dry food material) were pipetted into one-liter Erlenmeyer flasks and 400 
ml. of distilled water added to each. The flasks were autoclaved for fifteen 
minutes at 15 pounds pressure. When cool, 1 Gm. of mylase P* in 50 ml. of 
acetate buffer at pH 4.6 was added to each flask, after which they were incubated 
at 37° for twenty hours. After heating to 100°, the flasks were cooled, their 
contents adjusted to a pH of 5.3 to 5.7, diluted to 500 ml., and filtered through 
Whatman No. 42 paper. The filtrate was diluted to a concentration between 
1:100 and 1:200 for assay. The values obtained were corrected for the panto- 
thenate in the enzyme. 

Urine was filtered, if necessary, brought to a pH of 6.5 to 7.0, and diluted 
to a concentration 1 :100 and 1 :200 for assay. 


RESULTS 

The twenty-four hour milk and urine volumes and the twenty-four hour 
excretions in urine and secretions in milk during the first ten days post partum 
are given in Table I. The average values per day for pantothenic acid intake, 
secretion in milk, and excretion in urine during all five-day periods of study 
while the mothers were secreting immature and mature milk are given in 
Table II. 

The average daily pantothenic acid intakes during the two five-day periods 
of study immediately following delivery ranged from 6.0 to 9.5 mg. (Table I). 
In general, during the first ten days post partum secretion of the vitamin in 
nulk increased in direct proportion to the increase in volume of milk produced. 
Hie influence of nutritional status and physiologic state upon the composition 
of breast milk is indicated by the high concentrations in the milk of Y. S., who 
ingested multivitamin supplements throughout pregnancy in addition to an 
excellen t diet, and by the low values of C. O., who developed a low-grade infec- 
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Taurk I. Twenty-Four Hour Pantothenic Acid .Excretion in Urine and Secretion in 
Mirk During First Ten Days Post Paktusi 


SUBJECT 

INTERVAL 

TOST 

TARTU M | 
(DAYS) | 

; 1 

| VOLUMES 

PANTOTHENIC ACID 

SIII.lt j 

(MR.) 

■■UShI 

MIRK | 

( MG.) 


L. F. 

1 

71 

2590 

0.03 

3.31 

O 

300 

1275 

0.20 

3.23 

3 

733 

2 120 

1.83 

3.S0 

1 

1122 

2075 

3.33 

4.32 

3 

1441 

1071 

3.S9 

5.70 

0 

1301 

171 S 

3.81 

3.31 

7 

1590 

1340 

JolO 

4.29 

s 

1038 

1810 

5.45 

3.S9 

1) 

1070 

1371 

0.12 

3.03 

10 

1872 

2220 

5.80 

4.09 

V. G. 

1 

S2 

2007 

0.02 

4.G2 

O 

177 

10S9 

0.22 

4.19 

I) 

S19 

1 773 

1.00 

4.98 

4 

1413 

1 323 

2.S7 

3.80 

0 

1471 

1303 

3.00 

4.77 

0 

17S2 

114S 

1.00 

4,73 

7 

1030 

1230 

4.14 

4.44 

s 

1893 

1237 

4.30 

4.00 

0 

1S2S 

1101 

4.02 

4.15 

10 

1770 

1073 

1.01 

1.17 

V. K. 

1 

9 

30S0 

0.00 

4.01 

o 

90 

3031 

0.13 

4.SS 

3 

484 

2590 

1.01 

4.70 

4 

517 

2427 

1.30 

1.70 

3 

500 

2331 

1.37 

5.40 

0 

003 

2219 

1.00 

5.12 

7 

781 

33S0 

2.05 

5.23 

s 

l <0 

3810 

2.00 

5.50 

9 

/ 94 

3115 

1.9S 

5.13 

JO 

797 

3328 

2.19 

5.S3 

V. L. 

l 

30 

1737 

0.01 

1 . 2 s 

O 

Jti 

20SO 

0.03 

4.19 

o 

353 

2759 

0.72 

4.50 

4 

794 

JS23 

1.S9 

4.92 

5 

S44 

IS 17 

2.55 

5.41 

0 

955 

2710 • 

2.09 

O.Oli 

7 

1047 

2841 

3.05 

15.12 

s 

109S 

2000 

3.70 

5.40 

9 

ms 

2151 

3.39 

4.40 

10 

1200 

1069 

3.72 

4.10 

J. M. 

1 

33 

21S2 

0.02 

4.42 

2 

3S5 

13S0 

0.53 

3.97 

3 

S70 

1519 

1.S0 

4.30 

4 

1011 

12 01 

2.40 

3.39 

J 

1121 

1283 

2.74 

4.45 

0 

1125 

1172 

3.03 

4.55 

7 

1287 

1101 

3.70 

4.73 

s 

1130 

1520 

3.27 

5.5S 

9 

125S 

- 

3.20 

- 

10 

1330 

1533 

3.S2 

5.60 

p 

O 

1 

10 

1S04 

0.00 

4.20 

2 

100 

939 

0.0 4 

2.9S 

3 

33J 

1511 

0.22 

3.33 

4 

595 

- 

0.01 

- 

5 

725 

- 

0.90 

- 

6 

S21 

- 

1.3S 

- 

7 

798 

1470 

1.37 

4.08 
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Table I. (Cont’d) 


SUBJECT 

INTERVAL 

POST 

PARTUM 

(DAYS) 

VOLUMES 

PANTOTHENIC ACID 

MILK 

(ML.) 

UIUNE 

(MG.) 

■SSHI 



s 

950 

1127 

1.62 

4.92 


0 

931 

1191 

1.58 

3.88 


10 

660 

- 

0.77 


V. s. 

1 

6 

1869 

- 

5.86 


o 

92 

1S74 

0.12 

5.11 


•> 

420 

2887 

1.10 

6.62 


4 

600 

2063 

1.55 

5.42 


5 

097 

2065 

1.93 

5.88 


6 

756 

1502 

2.36 

5.29 


7 

818 

2524 

2.54 

6.85 


s 

837 

2237 

3.33 

7.59 


!) 

932 

1984 

3.26 

6.68 


10 

924 

2287 

3.81 

6.97 

M. S. 

7 

880 

1355 

2.99 

5.51 

G. S. 

7 

1017 

1981 

2.29 

5.20 

F. AY. 

7 

953 

1032 

1.29 

4.17 


The first day post partum was variable to tlie extent of differences in the limes at which 
the women delivered. For subjects delivered after 12 M. the first day began the following 
morning. The first day for C. O. was 22 hours; for L. F., 23.5 hours. V. G. was delivered 
mght hours before the beginning of the first day post partum ; V. Iv., seventeen hours ; V - L., 
five hours; .T. M., sixteen hours; and V. S., seven hours. 

tion near the end of the puerpevium. Excretion of pantothenic acid in urine 
Per twenty-four hours was relatively constant for each woman but was not 
related to urine volume. 

The average values per day during all five-day periods (Table II) show the 
wide variation in milk and urine volumes among the subjects and for the same 
subject at different times. Although the averages for pantothenate in milk 
during the two five-day periods immediately post partum portray the large 
increases in the daily values (Table I) during the first five days, it is interesting 
that there were only slight differences between the average percentages of intake 
tonnd in the urine of each woman during the two five-day periods. The greatest 
difference was an increase from 61 per cent during the first five days to 71 per 
cent of intake excreted in urine during the second five days by V. S. who had 
received multivitamin supplements throughout pregnancy. From 70 to 93 per 
cent of the pantothenic acid intakes of six women during the first five days post 
Partum was accounted for in milk and urine. The range values increased to 
W to 131 per cent for the next five days, with an average increase of 31 per cent. 
Since the concentration o£ pantothenate in mature human milk 9 is quite con- 
sistent, the values per day in Table II correspond generally with milk volumes, 
excretion in urine showed no relationship with urine volume. For all periods 
secretion of mature milk from 49 to 103 per cent of the intake was accounted 
for in milk and urine, with an average of 77 per cent. 


DISCUSSION 


day 


The average 
periods are 


daily urinary excretions of pantothenate for the various five- 
comparable to the average daily figures of 4.94 mg. given by 
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Table II. Average Daily Pantothenic Acid Intake; E.yceetion in Uiiine and Skcp.ltion 
in Milk Dltii.no Tiiikty-One Five-Day Periods 


SLTIJEI T 

INTERVAL 

COST 

CARTU.M 

(DAYS) 

VOLUMES 

PANTOTHENIC ACII) 

INTAKE 

(MO.) 

)IILK 

[ CHINE 

MILK 

(ML.) 

UIUNK 

(ML) 

MO. 

r /c 

INTAKE 



M. B. 

72-70 

71S 

00 1 

0.0 

1.17 

17 

2.20 

32 

I.. F. 

1-0 

713 

2007 

S.O 

1.80 


i.us 

51 


0-10 

1057 

1002 

7.7 

5.31 

OS 

1.28 

«)0 

v. <.;. 

1-3 

70S 

1031 

0.5 

1.50 

21 

US 

00 


0-10 

1781 

1 159 

0.A 

1.11 

03 

1.12 

to 


7S-S2 

SIS 

1281 

7.S 

2.2 1 

2D 

1.70 

(ill 


101-103 

001 

993 

8.0 

2.10 

25 

1.72 

.To 


200-2 )."> 

0S1 

S10 

S.O 

1.30 

17 

3.80 

IS 


302-300 

301 

1080 

7.0 

1.05 

1 1 

1.71 

02 

V. K. 

1-3 

33S 

2S1S 

0.2 

0.80 

13 

1.71 

70 


0-10 

702 

3182 

o.s 

1.00 

2D 

5.3S 

80 


03-90 

017 

2801 

S.O 

1.85 

21 

5.10 

50 


1 11-MS 

325 

1117 

S.2 

0.98 

12 

1.50 

DO 

Y. L. 

1-3 

115 

2174 

8.2 

1.01 

13 

1.07 

.77 


0-10 

10S1 

22S7 

0.1 

3.11 

3S 

5.11 

50 


OS-72 

789 

2S10 

0.2 

2.28 

25 

3.01 

39 


132-150 

OSO 

1 750 

0.1 

1.00 

21 

3.01 

42 

<T. At. 

1-3 

0SI 

1511 

7.0 

1.30 

10 

4.12 

32 


G-10 

122S 

1352 

S.O 

•* 

3S 

5.14 

58 


7j'70 

70S 

2205 

0.4 

2.13 

»>«> 

5.13 

51 


17.5-177 

20S 

2003 

S.I 

0.7S 

10 

K7A 

AS 

p 

O 

1-5 

• 1 

1 13S 

0.0 

0.30 

0 

_ 

- 


0-10 

S32 

1203. 

0.2 

1.31 

oo 

- 

— 

B. S. 

S5-S0 

1020 

1317 

O.S 

2.05 

30 

1.23 

02 


204-20S 

913 

1350 

7.1 

2.00 

30 

5. IS 



250-203 

<>70 

1219 

8.2 

1.85 

23 

5.17 

03 

CL S. 

so-si 

SOD 

107S 

0.7 

2.30 

31 

3.87 

AS 

V. s. 

1-5 

303 

2152 

0.3 

0.01 

10 

5.7S 

01 


0-1(1 

6o.‘» 

2107 

0.1 

3.00 

33 

0.GS 

71 


70-71 

301 

1S52 

0.9 

o.ss 

13 

0.17 

SO 

M. S. 

58-02 

047 

030 

0.1 

2.01 

OO 

4.18 

10 


Spector and co-workers- 5 lor normal adult men under “comfortable conditions, 
but are somewhat higher than the figure 3.5 mg. per day given by Sarett JG for 
three normal men on normal diets, or the average values of 3.S, 3.2, and 3.4 mg. 
found for the normal subjects of Pelczar and Porter, 27 Pearson, 23 and Wright 
and Wright, 20 respectively, (iardner and associates' 0 in a ten-day study, deter- 
mined the riboflavin, pantothenic acid, and biotin contents of the urine and 
feces of three healthy young women whose only food other than caramel candy 
was cow’s milk supplemented with a mineral mixture and ascorbic acid. The 
diet furnished only 6.9 mg. of pantothenic acid daily and the daily urinary ex- 
cretion of the vitamin averayed 6.0 mg., S7 per cent of the intake. The fecal 
excretion averaged only 0.41 mg., 6 per cent of intake. 

Oldham, Davis, and Roberts, 31 during studies of twelve young women, deter- 
mined the pantothenic acid content of seventy-two hour collections of food, urine, 
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and feces from five to nine of the subjects. During consecutive periods of foitj- 
one to fifty -nine days the women received diets which provided average daily 
intakes of 2.1, 2.1, 3.5, and 4.3 nig. per day, in that order. During these periods 
the thiamine and riboflavin intakes also were increased from low levels. Three- 
day composites for each woman were collected during the last week of the study . 
At the low level of intake, excretion in both urine and feces was quite consistent, 
averaging 1.6 and O.S mg., 79 and 3S per cent of the intake, respectively. With 
tlie increased intake, greater variation occurred among individuals and daily 
excretions in urine and feces rose. However, the average percentage of intake 
accounted for in urine decreased with greater intake, lowering the total of intake 
accounted for from an average of 116 per cent during the first two periods to 
about 91 per cent during the next two study intervals, which may indicate 
inadequacy of 2.1 mg. of pantothenate per day to supply the metabolic needs 
of the women. 

With the values given in Table II for nursing mothers, the avei’age daily 
amounts of pantothenate seeieted in milk may be subtracted from the corre- 
sponding average daily r intakes, with the thesis that only the differences are 
available for use by the mothers’ bodies. These net intakes range from 4.94 to 
S.56 mg. for the first five days - , from 2.39 to 6.34 mg. for the second five days 
post partum; and from 4.40 to 7.44 mg. during the periods of mature milk 
production. 

Prom the data for the first ten days post partum it seems evident that the 
maternal body can store pantothenic acid or that it is retained in the body for 
more than twenty-four hours during its metabolism. For the first five day T s 
post partum the average net intakes of six women exceeded the respective average 
daily r excretions in urine by' 0.46 to 2.78 mg. ; during the next five days the 
average daily' urinary' excretion by' four of the women was greater than the 
average net intakes. Apparently, physiologic levels of pantothenic acid are 
maintained in both the milk and urine of nursing mothers regardless of current 
intake if the women’s nutritional status with respect to the vitamins is good. 
Although some workers believe that some pantothenic acid may he available to 
the body from fecal synthesis, this has not been proved. Since these nursing 
mothers, receiving a diet providing ample amounts of the vitamin, excreted over 
160 per cent of the net intake in urine it seems unlikely that the feces play' a sig- 
nificant role in excretion of pantothenic acid intake. 

During the periods of mature milk production the average daily secretions 
in milk and excretions in urine showed no relationship to each other, to urine 
volumes, or to average daily intakes. Nor was urinary excretion related to 
milk volume. Although one woman (AI. BA showed an average of only 49 per 
cent of her intake in urine and milk, from 63 to 103 per eent of intake appeared 
m urine and milk during the sixteen experimental periods for eight other women. 
With intakes averaging 6.0 to 9.5 mg. per day, 32 to S9 per eent appeared in 
tlie urine, and the variation in urinary excretion occurred in the same individual 
as well as among the group. It seems doubtful that any great amount of the 
pantothenic acid was excreted in the feces. 
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SUMMARY 

Pantothenic acid was determined in live-day composites of food and twenty- 
four hour collections of the milk and urine of seven multiparas during two live- 
day periods immediately post partum and of nine nursing mothers during seven- 
teen five-day periods at intervals during the production of mature milk. 

The average daily intakes of pantothenic acid ranged from 6.0 to 9.6 milli- 
grams. During the first ten days post partum, daily secretion in milk rose with 
increasing volumes of milk produced. During the five days immediately fol- 
lowing delivery, the intakes of six women were 0.46 to 2.73 mg. in excess of 
secretion in the milk and excretion in urine; during the next five days the milk 
and urine of four of the women contained averages of more pantothenic acid 
than their diets furnished. During flic periods of mature milk production, 49 
to 103 per cent of intake was found in milk and urine. The urine alone con- 
tained 32 to S9 per cent of the average daily intakes during the five-day periods. 


KKl’ERKXUKS 

1. Jutes, Thomas JI.; Tin; Distribution of Pantothenic Acid in Certain Products of 

Natural Origin, J. Nutrition 21: 193-200, mil. 

2. Nelson, Marjorie M., ami Kvans, Herbert M.: Pantothenic Aciil Deficiency and Repro 

duotion in the Hat, J. Nutrition 31: 497-307, 11*10. 

3. Gillis, M. B., Heuser, G. F., and Norris, L. C.t The Need for Pantothenic Acid and nu 

Unidentiiied Factor in Reproduction in the Domestic Fowl, J. Nutrition 23: 153- 
103, 11)42. 

I. Unna, Klaus, and Richards, Grace V.: Relationship Between Pantothenic Acid ltequir«J- 
meat and Ago in the Hat, J. Nutrition 23: 3 13-333, la (2. 

.1. Sillier, Robert II.: .Studies of Pantothenic Acid Dclioiencv in Dogs, J. Nutrition 27: 

423-433, 19 1 j. ‘ 

0. Macv, Icie G., Williams, Harold H., Pratt, J. P., and Hamil, Brenton, M.: Human -Milk 
Studies. NIX. Implications of Breast Feeding and Their Investigation, Am. J. 
Dis. Child. 70: 135-141, 1913. 

7. Kaucher, Mildred, Moyer, Elsie 2., Kiehards, Allen J., Williams, Harold If., WerU, 
Annie Lou, and Mncy, Icie G.: Human Milk Studies. XX. The Diet of Laetatiug 
Women and the Collection and Preparation of Food and Human Milk for Analysis, 
Am. J. Dis. Child. 70: 142-117, 1943. 

S. Davies, Velma: Human Milk Studies. XXI. A Simple Technic for the Manual Ex- 
pression of Mother's Milk, Am. .1. Dis. Child. 70: 148-149, 1945. 

9. Coryell, Margaret N., Harris, .Mary Ellen, MUler, Solomon, Williams, Harold H., and 
Macy, Icie G.: Human Milk Studies. XXII. Nicotinic Acid, Pantothenic Acid 
and Biotin Contents of Colostrum and Mature Human Milk, Am. J. Dis. Child. 
70: 150-101, 1915. 

10. Roderuck, Charlotte E., Williams, Harold, H., and Mncy, Icie G.: Human Milk Studies. 

XXIII. Free and Total Thiamine Contents of Colostrum and Mature Human Milk, 
Am. .1. Dis. Child. 70: 102-170, 1945. 

11. Roderuck, Charlotte E., Coryell, Margaret N., Williams, Harold H., and Macy, Icie G.: 

Human Milk Studies. XXIV. Free and Total Riboflavin Contents of Colostrum 
and Maturo Human Milk, Am. J. Dis. Child. 70: 171-175, 1945. 

12. Munks, Bertha, Robinson, Abner, Williams, Ilaiold H., and Mucv, Icie G.: Human 

Milk Studies. XXV. Ascorbic Acid and Dehydronseorbie Acid in Colostrum and 
Mature Human Milk, Am. J. Dis. Child. 70: 176-1SI, 19 45. 

43. Lesher, Marjorie, Brody, James K., Williams, Harold H., and Macy, Icie G.: Human 
Milk Studies. XXVI. Vitamin A and Carotenoid Contents' of Colostrum and 
Mature Human Milk, Am. J. Dis. Child. 70: 1S2-192, 1945. 

14. Pratt, J. P., Kaucher, Mildred, Richards, Allen J., Williams, Harold H., and Macy, 

Icie G.: Composition of the Human Placenta. I. Proximate Composition, Am. J. 
Obst. & Gynec. 52: 402-40S, 1940. 

15. Pratt, J. P., Kaucher, Mildred, Moyer, Elsie Z., Richards, Allen J., and Williams, 

Harold H.: Composition of the Human Placenta. II. Lipid Content, Am. J. Obst. 
& Gynec. 52: 665-GGS, 1946. 

16. Pratt, J. P., Roderuck, Charlotte, Coryell, Margaret, and Macy, Icie G.: Composition 

of the Hunmu Placenta. HI. Vitamin Content, Am. .T. Obst. & Gynec. 52: 7S3- 
787, 1946. 



METABOLISM OK WOMEN DURING REPRODUCTIVE CVCLE 


1461 



18. 

19. 

20 . 

21 . 

09 


23. 

21 . 

25. 

20 

27 

28. 

29. 

30. 

51 , 


Diets, Breast -UUK, «iuuu - , 

Lesher,°Marjorie, Brody, James K-, ^ ^[ivc' ^Cvdr'^X^ ’The Utilization of Vitamin A 
SapSfflft.tSS TS- §«&»&. Metabolism o. Women 

» f ™- ,m Do "; s L r; 

tation, . I. Nutrition 32: 2411-260, LUO. Harold H., and Mac}> Ic '® ■■ 

Roderuck, Charlotte, Coryell, Margaret Cyclc . IX. The Utilization of 

Metabolism of Women During the Reproductive ^ 

Riboflavin During Lactation J. Nutrition 3- -6^-^ E]]en) Hiller, Sol, Rutledge, 
.Coryell, Margaret, Roderuck Charlotte, Har , M During the Reproductive 

Marjorie, and Macy, Icie G.: Metaboli sm or { j. Nutrition 34. 219 

Cycle. XIII. The Utilization of Macin During 

XV. The Utilization of Biotin During Lac , 

1947. , _ r T • r. . Metabolism of Women During the 

Pratt, J. P., flunks, Bertha, and Macy, Icie 1 G.. £ j vitamin Supplements on the 
Reproductive Cycle. XII. The Effect of Multiple 3 S: 621-632 194,. 

Vitamin C Utilization of Healthy Xursing Mothers the Microbiological 

Ives, Margaret, and Strong, F. M.: E. re P aratl °? 951-258 1946. . . .. 

Assay of Pantothenic Acid, Arch. Bioch . • 7j, h(j Effect of Pantothenic Acid 

. Speetor, H., Hamilton, T. S., and Mitchell, H. 1L . Hu ^ id ity Upon the_ Dermal and 
Dosage and Environmental Tempera Cheni. 161: 145-152, 1945. 

Renal Excretion of Pantothenic Acid, • and its Lactone Moiety in Man, 

. Sarett, Herbert P.: Metabolism of Pantothenic Acid ana 

J. Biol. Chem. 159: 321-325, 194o. Determination of Pantothenic Acid in 

. Pelczar, Michael J., Jr., and Porter, J. " . ; p r0 c. g oc . Exper. Biol. & Med. 

Normal Blood and Urine by Microbiological Teclmic, 

47 : 3-7, 1941. , , r . , m nf Pantothenic Acid in Men and Rabbits, 

Pearson, Paul B.: Studies on the Metabolism of Pa 

Am. J. Phvsiol. 135: 69-76, 1941. TTrinarv Excretion of Pantothenic Acid 

Wright, Lemuel D., and Wright, Ernestine Q- brinarj^ ^ 80 . 81) 19 42. 

bv Normal Individuals, Proc. Soc. Exper. • .... jt an d parsons, Helen T-- 
Gardner, Josephine, Neal, A. Eeslie, Peters , f Young Women on a Milk 

Biotin. Pantothenic Acid, and Riboflavin Balances fe 

Diet, J. Am. Dietet. A. 19: 683-684, 194d. Thiamine Excretions and Blood 

. Oldham, H. G., Davis, M. V., and Roberts, L. J-- . Levels 0 f the B Vitamins 

Levels of Young Women on Diets > C °” tal ™ n ° t0 thenic^cid, J. Nutrition 32: 163- 
With Some Observations on Niacin and Pa 

180, 1946. 



METABOLISM OK WOMEN DURIXU THE H EPRODUt TIVK (’VOL 


XV. The Utilization ok Biotin During Lactation 

Makoakkt X. Coryell, Pu.O., Mary Ellen 1 1 arris, B.S., Sol Miller, M.S.. 
Marjorie M. Rutledge, B.S., Harold IL Williams. Pii.D.,* 
and I ('in (!. Macy. Bll.D. 

Detroit, Alien. 

S PECIFIC biologic effects ot‘ biotin and of the lack of it have been demon- 
strated in various animals and plants, but there is little indication of its 
basic function in metabolism. Nevertheless, universal occurrence of this vitamin 
in living cells, its great biologic potency per unit weight, and the knowledge 
that it plays an extremely important role in the health and growth of animals 
and plants suggest an equally important function of biotin in the human being. 
That biotin may be a component of the enzyme systems concerned with the 
metabolism of pyruvate or lactate has been indicated by the in vitro tissue 
experiments of Pilgrim and co-workeis’ and Summerson and associates. 2 That 
it plays a role as a coenzyme in the transfer of carbon dioxide has also been 
suggested. 3 In 1941, West and AVoglum 1 noted, in rats, that some embryo tissues 
(skin, muscle, lung, and brain) contained two to thirteen times the concentration 
of biotin found in corresponding adult tissues. More recently, rat experiments 
by Kennedy and Palmer'* have indicated the necessity of biotin for successful 
gestation, for the birth of viable young, and probably for successful Jactation. 
However, the biotin content of the placenta is singularly low in comparison 
with the concentration in other organs.* 3 

During a comprehensive investigation of the utilization of nutriments from 
food by normal laefating women, biotin was determined in their food, milk, and 
urine during the first ten days post partum and during five-day periods at 
intervals during mature milk production. References are given in a preceding 
paper 7 to publications containing the details of the selection of subjects and the 
organization of the study; the dietary; the method of manually expressing the 
milk; the concentration of niacin, pantothenic acid, biotin, thiamine, riboflavin, 
ascorbic acid, vitamin A, and carotene in human milk; the proximate composi- 
tion, lipid and vitamin contents of human placentas; and the utilization of 
ascorbic acid, vitamin A and carotenoids, thiamine, riboflavin and niacin by 
the nursing mothers. 

PROCEDURE 

The subjects of the study were multiparas selected during the first trimester 
of pregnancy on the basis of physical and laboratozy examinations and records 

From the Research Laboratory. Children's Fund of -Michigan. 
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of having successfully nursed their other clulcic^ ^ va " ying hl the quantity 
the women received diets comparable qua i a nc . -eiit meims were served 

of all foods, except milk, according to »PP clltc - each period. Aliquot 

each day of the five-day study periods -Hich was ac- 

portions of each food, as eaten, " tic Both breasts were completely 

cumulated for each five-day period • . ■ ervals and samples were 

emptied by manual expression at the usual nursing q{ ^ Thc 

taken for analysis from the complete twenty-tout 1 obtained for 

entire excretion of urine during each twenty-ton* horns also 

“'ten women were studied throughout the first ^ 

(lav values were obtained for five othei women o others were studied 

Java following delivery. Five of the seven women end font othma 

during seventeen five-day periods while they were produe.n„ 

methods 

The general mierobiologie procedure em ^™f ^^lkwmples for assay. 8 
heeu deserihed 8 including the prepara - ^wed that maximnm 

Numerous control experiments on the and bound biotin contents, 

values for biotin, representing the sum o 9 „ H g0 for three hours at 

were obtained by autoclaving the ^ i on g er periods of heating 

15 pounds pressure. Stronger or diffeiet f , NaOH gave values 

did not increase the values 

not significantly different from those oh * ginee the presence of the 

and subsequent removal of thc BaSO> o - . ,, assav NaOH was 

sulfate ions did not effect the *»«. * afiguots wef, diluted to 

employed. After neutralization the < ‘ , The filtrate was 

500 ml. and filtered through Whatman No. 4_ fi 11 el ■ 

diluted further to a concentration suitable foi assaj , usu 

, i 1, liintin in the food samples was detei- 
The so-called free or ooseh bound \ nhfA mate rial with 200 ml. 

mined bv autoclaving a ml. aliquots ot t e * t T c n ...pi, NaOH 

of 0.1 N HC1. When cool, the mixture wu brough to pH 5.0 until NaO , 

diluted to 250 ml., filtered, and the filtrate diluted to 1 :100 oi ■ - ■ 

The urine wis filtered if necessary and the acetic acid, added as a piesema- 
ihe mine uas nneiea - 0 before diluting to a concen- 

tive, neutralized by adjusting the pH to 6.. 

tration of 1 :100 to 1 :250 for assay. 

No attempt was made to differentiate between biotin and its oxygen analogue 
cH-oxy biotin. 10 This vitamer has been shown to have about one-halt the act i t 
of d-biotin for L. arabinosus" and perhaps one-ten h ot the aetmt> of cZ-hiot 
for rats. 1 " In the on tv available assays of foods. (ZZ-oxybiotin was not found 
the materials examined, namely organ and muscle tissues and yeast. Oppel 
b as reported the presence in dog, rabbit, rat, and human urine of a nonavidm- 
eombining biotin, presumably a vitamer. 11 This biotin-like substance was active 
for his test organism, Succliaromyccs ccrcvisvtc.** It is evidently not ox\ biotin, 
however, since thc latter combines with jividin as well as biotin. 
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RESULTS AND DISCUSSION 

The milk and urine volumes per twenty-four hours and t he amounts of 
biotin in the milk and urine of each subject during the first ten days post 
partum arc recorded in Table I. 

Tabu; I. Twenty-Four Hock Uiorix ExcitEriox is Uiiink ask Skckktiox is Milk 
D citixo Fikst Tks Days Post Pactum 


: 

SUBJECT 

INTERVAL 

DOST 

I’.UITUtt 

(DAYS) 

VOLUME , 

IIIOTIN' 

MILK 

(ML.) 

HUNK 

(ML.) 

MILK 

( mo ) 

\ URINE 

( mg ) 

L. F. 

i 

71 

2390 

0.03 

18 

o 

200 

1275 

0.05 

3 


733 

2120 

0.00 

5 

•t 

1122 

2075 

0.00 

(5 

5 

1411 

1074 

0.S9 

n 

6 

1301 

1 7 1 S 

2.13 

7 

7 

159(5 

1340 

0.51 

10 

s 

1038 

1810 

0.24 

12 

<1 

1(57(5 

1371 

0.44 

11 

10 

IS 72 

2220 

1.65 

25 

V. 0. 

i 

S2 

20(57 

0.01 

I5 

2 

177 

10S9 

0.08 

9 

.1 

S49 

1775 

0.3(5 

13 

4 

1413 

1323 

- 

13 

5 

1 171 

1303 

1.25 

13 

0 

1782 

ills 

2.99 

33 

7 

1030 

1230 

4.22 

32 

s 

1S93 

1237 

10.50 

37 

9 

1S28 

1101 

13.S2 

31 

10 

1770 

1075 

25.17 

59 

V. K. 

i 

9 

3080 

_ 

5 

O 

90 

3051 

<0.01 

4 

3 

4 SI 

259(5 

<0.19 

5 

•1 

547 

2427 

<0.27 

* 5 

5 

500 

2331 

0.30 

‘‘ 14 

6 

003 

2240 

0.52 

\ u 

7 

7S1 

33S0 

0.09 

23 ’ 

8 

775 

3840 

0.90 

20 

9 

794 

3113 

1.31 

14 

10 

797 

332S 

3.00 

40 

V. L. 

i 

30 

1757 

_ 

4 

O 

5(5 

20S6 

- 

4 

3 

353 

2759 

— 

3 

4 

794 

1S23 

- 

6 

5 

844 

1847 

- 

34 

6 

955 

2710 

0.52 

12 

7 

1047 

2S41 

0.51 

15 

s 

I09S 

206(5 

o.so 

15 

9 

1118 

2151 

1.92 

20 

10 

1200 

1009 

12.72 

55 

.T. M. 

i 

35 

2182 

<0.02 

ii 

o 

385 

1380 

<0.19 

— 

3 

S70 

1519 

<0.S7 

ii 

4 

1011 

1201 

<1.01 

16 

5 

1121 

1283 

3.40 

OS 

6 

1123 

1172 

3.00 

30 

7 

1287 

1101 

4.44 

20 

8 

1130 

1520 

5.79 

3S 

9 

1258 

- 

S.25 


10 

1336 

1553 

23.65 

8S 
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Table 1. (Coxt’d) 


SUBJECT 


VOLUME I 

BIOTIX 

MILK 

(ML.) 

UUIXE 

(ML.) 

MILK 

(mg) 

URINE 

(MG) 

C. 0. 

1 

16 

1864 

0.00 

18 


2 

100 

939 

0.03 

4 


3 

335 

1511 

0.10 

0 


4 

595 

— 

— 



5 

725 

- 

0.44 

— 


ti 

821 

- 

0.90 



7 

798 

1470 

0.72 

6 


8 

950 

1127 

0.76 

10 


9 

931 

1191 

0.84 

12 


10 

660 


1.03 


v. s. 

1 

6 

1869 

- 

9 


2 

92 

1874 

— 

4 


3 

420 

2887 

— 

10 


4 

600 

2063 

0.35 

13 


5 

697 

2065 

0.84 

39 


0 

756 

1502 

0.98 

23 



818 

2524 

1.67 

34 


s 

837 

2237 

3.57 

40 


9 

932 

1984 

2.63 

51 


10 

924 

2287 

23.65 

100 

M. B. 

9 

1189 

1035 

7.49 

28 

E. L. 

8 

688 

677 

5.50 

7 

M. S. 

7 

880 

1355 

0.97 

4 

G. S. 

7 

1017 

1981 

0.64 

14 

F. IV. 

7 

953 

1032 

0.70 

o 


The first day post partum was variable to the extent of differences in the time at which 
the women delivered. For subjects delivered after 12 M. the first day began the following 
morning. The first day for C. O. was 22 hours; for L. F., 23.5 hours. V. G. was delivered 
mght hours before the beginning of the first day of study; V. K., seventeen hours; V. L., 
five hours; J. M., sixteen hours; and V. S., seven hours. 


The values for biotin in milk for the first four or five days following par- 
turition were too low to be reliable. During the second five days both concen- 
tration and daily secretion of biotin in milk varied widely among the seven 
women, ranging from 0.24 p." per day (0.015 jug per 100 ml.) to 25.17 jug per 
day (2.56 p.g per 100 ml.). Some of the values for the fifth and tenth days 
■show abrupt increases, probably owing to the inclusion of liver, which is rich in 
biotin, in the menus for the fifth day of each period. Although the subjects 
show small increases in the biotin content of the milk by the fifth day post 
partum, they are not nearly so marked as on the tenth day. 

Unlike niacin 0 and pantothenic acid, 1 biotin excretion in the urine is quite 
low during the first four days following parturition, inci easing several times 
during the second five days. Increases in urinary excretion on the fifth and 
tenth days are similar to increased secretions in milk on the days in which liver 
was included in the diets. Similar changes in the riboflavin content of the milk 
and urine were noted on those days. 15 It is noteworthy that the milk of L. F 
contained very small amounts of biotin during the first ten days post partum 


14(11) COKYKI.L, HARMS, Mil.I.KK. Ul'Tl-KDcK, WIU.I.UIS, AND MACY 


Table II. Average Daily Biotin Intakes, Excretion in L'kine and Skcbcti ox in Milk 
Dlt.ixg Twknty-ICine Five-Day Periods 


SUBJECT j 

interval 

POST 

PAKTUAT 

(DAYS) 

volumes 

| BIOTIN 

| INTAKE i 

i MII.K | 

| URINE 

MILIC 

(ML.) 

URINE 

(ML.) 

J’KKK i 
! (MO) | 

TOTAb 

U«l> 

(DO) 

7c in- 
take* 



M. B. 

72-70 

71S 

091 

42 

52 

0.9 

.» 

3 

15 

L. V. 

1-5 

7i:: 

2007 

53 

SS 

0.2 

0 

3 

9 


0-10 

1 05 7 

1092 

50 

102 

1.0 

1 

14 

11 

V. tt. 

1-5 

79S 

1031 

05 

99 

0.1 

0 

17 

17 


0-10 

17.81 

1159 

55 

or 

1 1.3 

17 

38 

Vi 


7S-S2 

•SIS 

1281 

01 

88 

9.0 

11 

48 

•19 


1(31-105 

901 

993 

50 

78 

5.1 

7 

37 

50 


239-2 ks 

08 1 

S)0 

70 

90 

3.5 

i 

40 

42 


;;o2-boo 

391 

1080 

55 

91 

4.0 

4 

10 

44 

V. 1C. 

1-5 

:::ts 

2818 

17 

01 

<0.2 

0 

0 

9 


li-10 

702 

3182 

50 

00 

4.1 

♦» 

o.> 

33 


95-99 

017 

2S04 

01 

73 

S.4 f 

ll 

52 

07 


144-118 

.".25 

1(17 

48 

05 

1.7 

>1 

<> 

24 

*►1 

V. Ij. 

1*5 

415 

2174 

05 

117 




10 

S 


(i-10 

1081 

2287 

05 

118 

• nil 

;; 

25 

o»> 


US-72 

789 

2849 

it; 

71 

5.5 

3 

29 

41 


152-1511 

11.80 

1750 

02 

98 

0.5 

0 

89 

40 

•T. M. 

1-5 

0S4 

1514 

01 

109 

<u 

i 

20 f 

24 


G-10 

1228 

1352 

00 

95 

9.0 

9 

401 

48 


75-79 

70S 

2205 

52 

83 

5.1 

0 

37 

45 


17:5-177 

20S 

2008 

70 

117 

1.8 

o 

88 

32 

C. 0. 

1-5 

.15 1 

143S 

48 

52 

0.1 

0 

— 

- 


0-10 

S3 2 

1203 

51 

82 

O.S 

1 

- 

— 

B. S. 

S5-S9 

1020 

1317 

14 

OS 

5.0 

s 

25 

5 4 


204-20S 

918 

1550 

5S 

SO 

10.S 

14 

51 

04 


259-20.'! 

070 

1219 

5S 

75 

3.5 

11 

52 

70 

M. S. 

5S-02 

917 

939 

07 

S3 

9.S 

12 

40 

55 

Cr. S. 

S0-S4 

S99 

tors 

15 

75 

0.5 

9 

29 

40 

V. S. 

1-5 

863 

2152 

(11 

109 

_ 

_ 

15 

14 


6-10 

So," 

2107 

05 

98 

0.5 

/ 

49 

52 


70-74 

304 

1S52 

5S 

S2 

8.0 

4 

54 

(Jo* 


•Percentage of intake of total biotin, 
f Averages of values for four days. 


although in urine she excreted amounts com parable to those of other subjects 
and by the tenth day was secreting a large volume of milk. That the concen- 
tration of biotin in the milk was not lowered by a diluting effect of the high 
volume secreted is indicated by the values for V. O. who with similar high 
volume maintained a high concentration of biotin in her milk. 

For all five-day periods of study the average daily milk and urine volumes 
are given in Table II, with the average daily biotin secretions in milk and 
excretions in urine. For biotin intake both free or loosely bound biotin, as 
determined after hydrolysis with weak acid for a comparatively short time, and 
total biotin, the sum of the loosely and firmly bound biotin as determined after 
hydrolysis with strong acid for long periods of time, are given. It is generally 
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#f ‘Zing the periods .1 mature mMc P— 

of the total biotin intakes were found i d in the ur ine. The diets, 

periods. From 15 to 70 per cent of intake • ided an average daily 

which have been described m detail, by ^ P These values are 

intake of 55.8 y . g of free biotin an • d ; ets by other investigators, 

somewhat higher than those reporte oi ^ ° total biotin in average diets. 

Oppel 17 found daily averages ot 80 to ai ; n a moderate-biotin diet 

Gardner and co-workers 18 reported an at el a ° e calories and lesser amounts 

which contained no liver or eggs an _ P 10 ™ ® amounts of energy and other 
of other vitamins. For diets con ami „ of ] dot i n) with an average 

vitamins, Denko and associates 1 -' foun . ° . me me thod of extraction 20 

of 41 ;xg daily. These workers, however, u. > biotin i n food composites, 

which in our hands gave the loose v- oun ^ g q£ the total biot in in the 

The biotin in milk represented a sn I ^ ^ tQ jq per cent, in corn- 

food during the mature milk perio s, ian " 1 ® . - d 7 2 to 15 per cent for 

parison with 10 to 34 per cent ’..Savin 13 The average figure for biotin 
thiamine, 21 and 3 to 15 per cent to milk secretion was 47 per cent, 

excretion in urine during the periods t - from a food composite and 

With the difficulties of complete extraction of ^“ d accurately represent the 
the uncertainty as to whether ^ it is not surprising 

amounts available to the subjects t\ 0 c • intakes within a narrow range, 
that we found little relationship between ave 0 mothers Together, milk 

secretion in milk, and excretion in unn. by ““"Tn the food. With 

and urine accounted for o4 per cent ”, “i average excretion values of 29 to 
daily intakes of 30 to 37* Oppel the intakes. Denko and 

at ,4! for normal men, about o {oan d in ul .j n e an average of 32 

co-workers, 19 working with norma } ° ’ j cr0 „ ra ms. Gardner and asso- 

« « 73 Pc- »nt oi the average «*£££££* averages of 29, 30, and 
mates 18 reported that ten normal j - k 0 f 9, 33, and 171 y% per day, 
,e, *. or 322 91, and 1 ^ “"^n^n coaming a mineralised milk 
respectively. In an earlier stud; f j ^,^^. and workers” found an 
diet containing llo ,xg of biotin^ 5 ^ cent of the inta ke. 
average urinary excretion of J ^ mctabo i ism , since it has been 

Fecal biotin may well ie * important source of biotin in many experi- 
shown that intestinal synthesis is 1 t he question as to whether 

mental animals. While fern, “"^^ZZstina! synthesis, or vim, 

the biotin ,s unahsorbed m ake o. c p, eoovorke.u- found 73 

,.yt i*n t it has been available to the nou>, . 

extent u - t , in another study 1J subjects with 

04 per eent ot the intake, m the inis, u, * . J 

Intakes of 9. 33. and 171 /t g per day exereted no, ib. and 100 ,xg in the leees, 

(ill 23G, and 58 per eent, respectively, of the intakes. Oppel 11 found that his 

subjects on average general diets excreted S6 to 191 /xg. of fecal biotin per da> 
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Denko and associates 111 reported an average fecal biotin excretion of 133 pg 
daily, 302 per cent of the intake. These investigators noted that 60 to 100 per 
cent of the vitamins found in the feces were water-extractable. 

The results of experimental work with animals and human beings have 
established the synthesis of biotin by intestinal bacteria. Moreover, the findings 
that with low intake the urinary excretion of biotin may be much larger than 
intake and that a large portion of the l'eeal vitamin is water-extractable indicate 
availability of fecal biotin to the body. If further work substantiates this, the 
wide range of response by individuals in a group might lie explained by variation 
in fecal synthesis. 

SUMMARY 

Biotin was determined in five-day composites of food and twenty-four hour 
collections of the milk and urine of seven multiparas during two five-day periods 
immediately post partiun and of nine nursing mothers during seventeen five-day 
periods at intervals during the production of mature milk. 

The values for biotin in milk for the first four days following parturition 
were too low to be reliable. During the second live days both concentration and 
daily secretion of biotin in the milk varied widely among the seven women, 
ranging from 0.24 /tg per day (0.015 /tg per 100 ml.) to 25.17 pg per day 
(2.56 / tg per 100 ml.). During the periods of mature milk production averages 
of 2 to 14 per cent of the total biotin intakes (0.0 to 10.S pg per day) were 
found in the milk secreted during the five-day periods. From 15 to 70 per cent 
of the intakes (S to 54 pg per day) was found in the urine. 
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A NUTRITION SURVEY OF VIENNESE CIVILIANS UNDER 
UNITED STATES OCCUPATION, 1945 

Charles S, Davidson, M.D., CAL,* Major Harold L. Wilcke, Sanitary 
Corps, t Captain IIarry D. Fein, Medical Corps, t and 
Private First Class Phillip .1. Reineu§ 

T HE responsibility for providing in United States occupied Germany and 
Austria an equitable distribution of available food supplies fell to the Army 
at the end of World War II. In order to meet this responsibility with the most 
facts, nutrition surveys were planned well in advance and begun in each area 
as it was occupied. 1 Teams were organized, each composed of a clinical nutri- 
tionist, a nutrition oflicer (Sanitary Corps) experienced in general matters of 
food and nutrition and in taking dietary histories, and a laboratory technician. 
We formed one such team and report here the results of a survey of tire nutri- 
tional status of the civilian population of Vienna in the six bezirks occupied by 
United States forces. The survey was conducted from August 27 until Sep- 
tember 15, 1945. It was on September 1 that the United States Army officially 
took over the administration of the area assigned to it. Because of this the 
dietary survey is divided into two sections; the first including bezirks 7, 8, and 
9, which adjoin the inner section of the city, and the second, bezirks 17, 18, and 
19, which were in the outlying districts. The first part of the survey was made 
during the Russian occupation of the entire city and the second after these six 
bezirks were administered by the American Army. Pykc 2 has reported a similar 
survey for the British area of Vienna in September, 1945, and the data are quite 
comparable to those reported here. Following World War I nutrition surveys 
in Vienna were made under the direction of the American Relief Adminis- 
tration.il 3 > * 

Consideration will not be given to the previous food intake of the Viennese 
for two reasons: first, the survey was intended to determine only the food intake 
at the time the survey was made; and second, reliable figures of food intake 
during the war were not available. The observations are therefore confined to 
food intake during the survey itself. It is well known, however, that food was 
scarce and strictly rationed in Vienna during the war. When the Russian army 
occupied the city they found that the retreating Germans had left almost no 
food supplies so that, from the end of April until early in June almost no rations 
at all were issued. During July and August the issue amounted to about SOO 
calories per day. 2 In general, the Viennese lost weight on rationed food during 
the war. Thus the Russians, and soon the other members of the four powers, 

Received for publication, September 3. 1947. 
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nutrition survky of viknnksk CIVILIANS 

found ail undernourished population V 1011 Uon’ lobidng more food. Fur- 
to ration and with grossly inadequa e lanspo < complicated immensely 

ther, there was an acute shortage ot fuel and housing that complicate 

the public health problems of the city . 

MATERIALS AND METHODS 

Fooi Raiion Ohissi/icaiion.-At the time of the sumy 
divided, according to the Russian method of c assi - ’ r, ^ Twelve 

categories: “Heavy Workers; Workers; Emp oyees; 

Years of Age; Others.” The "heavy «*»£^t*t**E 
heavy manual labor, hut also certain ptofess .:,„ llplo vces" was made np 

opera singers, and orchestra P la > els - J e t “ J g>> of ^ those not in one of 
chiefly of white collar workers, and that ot ■ , , too 01 . 

the other eategories; that is, housewives, disabled 

otherwise unable to work. The estimated number of individuals 
each category is shown in the first two columns of a > e . 


Table I 


FOOD RATION 
CLASSIFICATION 


APPROXIMATE 

POPULATION 


TOTAL number 
STUDIED 


male 


female 


Heavy workers 
Workers 
Employees 
Cliildren under 14 
Others 


10.400 
54,500 
29,600 

32.400 
138,000 


115 

540 

257 

548 

865 


105 

316 

93 

240 

86 

840 


10 

224 

164 

308 

779 

1,485 


Total 


264,900 


2,325 


Composition of the Population of the o 

The United States Vienna Area Command took over the adrmm latmn o 
hezirks 7, 8, 9, 17, 18, and 19 on September 1, 1945. Accurate Potion fi „uies 
for .this area were difficult to obtain, but the closest approximation mbs about 
260,000. The inhabitants of this area varied from the poor s • 

some of the most wealthy in the suburban districts of Hedcngensffidt ai^ Unn- 
sing. Many professional men and women were included as well s ' 

The industries located in the area were mostly small. _ . 

Selection of the SompZe.— With the cooperation of the Public Health Divi- 
sion of the United States Vienna Area Command, the Viennese public heal h 
officials and police located central sites for the examination and called i, in- 
dividuals and families to represent as nearly as possi i e pei cen o 1 0 

number of each of the four food ration categories. Table I shows that, with the 
exception of the categorv “others,” roughly 1 per cent was examined m each 
category. The number of children was large. In all dealings with the civilian 
officials an effort was made not to mention that the survey was concerned with 
nutrition. The survey was organized, they were told, in an effort to understand 
the general level of health of the people of Vienna under the administration of 
United States forces. It was usually possible to make sure that those asked to 
come did so and that those ill at home were noted. It was impossible to visit 
those not appearing because of illness, but the number of such was small. 
Indeed, a few of those who came should have been in bed at home. Great care 
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was taken to insure that no greater proportion of ill and undernourished in- 
dividuals was examined than was present in the population. It was not always 
possible to be sure of this but we believe that with the method of selection used 
this error was largely avoided. Be/.irks 7, 8, and 9 included a large proportion 
of the poor of Vienna, those likely to suffer first. However, the findings were 
not strikingly different in the other three bezirks in which the people were better 
able to afford food purchased in the black market. It was well recognized that 
food was available in the black market in Vienna at this time, but the quantity 
was so small that it could, and apparently did, make but little difference in the 
nutritional status of those able to afford it. 

In order to include a sufficient number of heavy workers and workers, three 
factories were investigated: an optical works, a clothing factory, and a paper 
factory. 

Procedure of the Examination . — 

Physical Examination: Each individual removed his clothing except for 
underclothes and stockings, was weighed (kilograms) and the height measured 
(centimeters). The age, sex, height, weight, and food ration category were 
entered beside the individual's serial number, as were the findings in the clinical 
examination. Table III shows the items on physical examination which were 
specifically sought. In addition, inquiries were made concerning menses (in 
women between 15 and 44 years of age), weakness, and syncope. The following 
physical abnormalities were sought but so rarely seen that they were not listed 
in the table: purpura, loss of vibratory sense in the great toes, muscular tender- 
ness, absence of knee jerks, bossing of epiphyses, heading of ribs, and cranial 
bossing. 

Laboratory Examination: About one of every three of the individuals ex- 
amined was sent to the laboratory technician and his aides who determined blood 
hemoglobin and serum proteins by the specific gravity method 3 included in the 
mobile field laboratory. 

Dietary Survey: 

1. Individual dietary history: Slightly over one-third of the individuals 
reporting for the examination were questioned as to their food intake during 
the previous twenty-four hours. .Models and drawings of food as well as plates 
and cups were used as aids. The estimated food consumption was calculated 
by using the composite of the daily results for each class of consumer. In 
general, the most reliable histories were given by the housewives who prepared 
the meals for the entire family. In the two factories studied the food served 
at work for lunch was investigated and the workers themselves were questioned. 
Reassurance was given that the examiner had no interest in the source of the food 
(for example, the black market) but only in its quantity. The frequency with 
which foods appeared which were obtainable only by illicit means was small, 
corresponding to the estimated size of black market dealings. 

2. Rationing and supply of food in Vienna: The food rationing was ad- 
ministered by civilian food authorities and was well organized. Thus it was 
possible to obtain the ration for each food without any difficulty. 
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A good insight into the food .supplies and the problems of procurement and 
distribution were obtained by one of us (It. 1j. AY.) who represented the United 
States in four power conferences on food at the Russian commissariat. It was 
thus possible to interpret the clinical findings and to some extent to estimate the 
future nutritional status of the population. 


KKSULT.S 

Clinical Examination . — 

Physical Measurements: The heights and weights were averaged for the 
several groups formed from the different age, sex, and food ration categories. 
These were compared with standards for the United States . 0 ’ 7 It must be 
understood clearly that these standards are about 5 kilograms higher than the 
weight of adult Austrians on a prewar status. Hereafter, the United States 
standard used will be referred to as the U. S. standard. 

Children, taking the 5-, 10-, and 15-ycar-old groups as examples, averaged 
not far below the U. S. standard (Table II) . This, however, was not true for 


Table II. Average Height and Weight of Childp.es Ages 5, 10, and 15 Years. 
Weight Compared to U. S. Standards 0 ; Both Height and Weight 
Compared to Similar Measurements, 1920-213. •< 


■ 


height (cm.) 

VIENNA 

WEIGHT (KG.) 


SEX j 

| VIENNA j 

l UNITED STATES 



1 1920-1921 1 1945 


mi 


5 

Hale 

103 


16 

17 

Female 

106 


16 

17 

10 

Hale 

134 

27.6 

29 

30 

Female 

135 

27.7 

26 

31 

15 

Male 

151 161 

42 

47 

50 

Female 

151 156 

44 

47 

48 


Table III. Symptoms and Signs Suggestive of Specific Deficiencies Expressed in 
Percentage op Each Group Examined 



CHILDREN 

BELOW 

14 YEARS 

I 

HEAVY 
| WORKERS 

1 

WORKERS 

1 

EMPLOYEES 

OTHERS 



1 MALE [FEMALE! 

| MALE ] FEMALE 

MALE | FEMALE 

MALE ( FEMALE 

| MALE | FEMALE 


appearance 

Thyroid 

7 

5 

16 

0 

11 

7 

17 

2 

24 

7 

enlargement 

Folicular 

38 

35 

41 

40 

22 

44 

33 

42 

28 

36 

hyperkeratosis 

7 

7 

2 

0 

o 

8 

0 

5 

0 

4 

Cheilosis 

0 

0.5 

0 

0 

0 

0 

0 

0 

0 


Glossitis 

»> 

o.r> 

6 

10 

5 

10 

12 

4 

*> 

6 

Abnormal 









tongue color 

1 

0.5 

8 

10 

s 

7 

16 

5 

0 


Edentulous* 

0 

0 

38 

10 

27 

19 

30 

17 

31 


Abnormal color 







*-•1 

and texture 
of hands 
Corneal 

o 

1 

IS 

10 

12 

10 

IS 

10 

20 

G 

vascularity 

Paresthesia 

0.5 

0 

0 

0 

0 

12 

0 

0 

o 

S 

r—t •f 

1 

5 

0.5 

4 

1 

S 

O 

G 


0 12 0 S 4 5 ^ g " 

^i^rTTduicHncy'. but' only to help hUm^Tumgue changeT 
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the adults whose weight reduction below the H. S. standard was more marked. 
Thus, the averages for adults were below the l : . S. standard by from 7 to 12 
kilograms. 

In addition to comparing averages for adults from 21 to 60 yeais of age, 
a distribution curve was constructed showing the frequency of occurrence of 
overweight and underweight. Each individual’s weight was compared with the 
U. S. standard for age, sex, and height, and the number of kilograms below or 
above the standard was plotted on the frequency distribution curve (Fig. 1). 
The mean was -9 kilograms, and the mode, -1 1 kilograms. The reduction below 
the U. S. standard for weight becomes more striking when it is recognized that 
almost half (4S per cent) of those examined were more than 10 kilograms below 
the U. S. standard. 



Fig. x. 


Symptoms caul General Appearance: Although not specifically tabulated, 
many individuals spontaneously complained of weakness, fatigue, and even 
syncope. It was not unusual to see an ecehymosis or a •‘black eye’’ and, upon 
inquiring, it was frequently found that it had followed a fainting spell due to 
weakness. 

The general appeaivmce of the individuals was not that of extreme under- 
nutrition but simply of weight loss. Many appeared normal, a few, plump, but 
most showed evidence of considerable loss of weight and a few showed extreme 
weight loss. In the latter, posture was often pool 1 , movements were carried out 
with a characteristic lethargy, and the facial expression was apathetic. Ab- 
normal pigmentation was not seen. 

Symptoms and Signs Suggestive of Specific Deficiency States: Severe vita- 
min deficiencies were not seen. There was no evidence of beri-beri, peripheral 
neuritis, or of pellagra, and only one individual with classic scurvy was seen. 
Certain signs that have been described as suggesting specific deficiencies were 
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recorded as they were seen. The low incidence of most of these signs is given 
in Table III. Several signs deserve common!. 42 „«• cent of the in- 

Goitrc, diffuse, nontoxic, tvos present in - Vienna at this 

dividuals. It is not known whether this incidence is lu.Het 

time than before the war. . M _ How- 

Distinct papillary atrophy of the tongue v as se ^| in significance of the 

ever, in sixty of these the month was eden.nlons so thatfte 

finding in these individuals is open o t qu s t . 1Q2 we re edentulous. 

colored tongue was observed in 404 mdmcluais o t colored 

The combination of papilla, T atrophy and either beefy ,ed or enta eo o 

tongue was seen in thirty-two instances, seventeen 

signs suggesting thiamin, riboflavian, or niacin deficiencj 

Paresthesia n«d Acrnci/miom: In studying a small fl 1 ^” 
we described a condition of the extremities, especially the hand , .esemblm 
acrocyanosis, which was frecptently associated with P=resthes,a ^The^same 
phenomenon, although with a lower incidence ( torn . .....tjeularlv 

adults), was observed in the studies reported heie. n V /)' , a mottled 

if cold, the hands “ i^Irt ‘ ^ r give 

rtalS™, “S& '“o“st 

touch. Paresthesia of the hands and feet was assoeia ctrikin'’’ as 

only forty instances, so that the correlation of the two was s no as . st «, • 
that found in starved prisoners. The paresthesia was described Aanouslj as 
numbness tinging, or, often, a burning sensation. These 
marked in the finger tips and next in tne • > 

forearms and lower legs. # , , . „ 

Edema and Serum Proteins: The serum protein concen ration was deter- 
mined in 859 individuals. The average values for the age and food ation ca - 
gories are given in Table IV. The individual determinations are plotted as a 

V . M .. • 9 Tt is at once clear that the majority of the serum 

distribution curve in rig. Z. it is ai ei „ 

. -.I,.,, normal or slightly reduced and hence the 

protein determinations were eithei noimai o n . 

averages were only slightly below normal. Nevertheless a significant number 
of individuals were found to have hypoprotememia. In fact 8 pel cent of 
values were 5.5 Gm. per 100 e.e. or below, and over fifty individual, bud serum 
protein eoneentration between 4.5 and 5.0 Gm. per 100 cubic centimeters. The 


Tabus IV. 


FOOD RATIOS 
CLASSIFICATION 

Heavy workers 
Workers 
Employees 
Others 

Children 


Aver 


aok Serfm Protein Concentration (Gif. per 100 c.c.) 



MALE | 

female 

ac r 

.SEBUM 1 

PROTEIN" 1 

I 

| NUMBER 

SERUM 

PROTEIN" 

NUMBER 

19-40 

0.8 

0 

0.3 

3 

41-05 

0.0 

34 

0.5 

•» 

19-40 

0.5 

20 

0.4 

64 

41-05 

0.4 

S9 

0.5 

53 

19-40 

0.3 

il 

0.3 

37 

41 05 

0.2 


0.3 

41 

19-40 

ii.fi 

14 

0.5 

U7 

11-05 

0.4 

35 

0.3 

203 

1-ls 

i 1.5 

3 / 

0.5 

30 
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hypoproteinemia, although not general, was present in an undoubteclly larger 
than normal proportion of the population studied. 

Dependent edema was observed in 133 individuals. The data arc given in 
Table V. In eighty-eight of these there was an obvious clinical cause for the 
edema, such as known or evident cardiac or venal disease, or varicose veins. 
There were forty-five individuals with edema in whom no clinical cause could 
be found and who were considered to have ‘‘hunger edema.” The average age 
of these two groups was the same, but average weight loss was definitely more 
in the “hunger edema” group. Likewise the serum proteins, although not 
excessively low, were definitely lower in the latter group. There were also 
more signs suggestive of other specific deficiencies in the latter group. 

Anemia: Blood hemoglobin concentration was determined in S55) individ- 
uals. The average values for the age and food ration categories are given in 


r~ 


VIENMA (1345) 

SERUM PROTEIN CONCENTRATION DISTRIBUTION 
TOTAL NUMBER— 859 

NUMBER S.SGm./IOOc C. or BELOW— 240(28X1 



5 ' S 

Gm / 100 c.c. 


FJff. 2. 


Table V 



i EDEMA 


WITH OBVIOUS 

WITHOUT OBVIOUS 


CLINICAL CAUSE 

CLINICAL CAUSE 

Number 

ss 

45 

Average age 

51 

54 

Males 

13 

ii 

Females 

75 

31 

Below U. S. standards (Kg.) (Av.)* 

9.2 

13.3 

Average hemoglobin (Gm./lOO ml.) 

12.3 

13.0 

Average serum protein (Gm./lOO ml.) 

6.1 

5.S 

Clinical signs! (%) 

63 

S6 

Total 133 


•Compared with U. S. standards in War Department Training Manual S-5Q0. C 
fCheilosis, glossitis with atrophy, paresthesia, tongue red or violet in color. 
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Table VI. The individual detenu illations are plotted as a distribution curve in 
Fig. 3. Marked anemia was present in but a very small number. Nevertheless, 
the average values were definitely below normal. Only in the young male white 
collar workers was the value above 14 (Jin. per 100 cubic centimeters. Thus it 
appeals evident that a mild but definite anemia was present ; indeed, a relatively 
small proportion of the individuals had hemoglobin concentrations of 15.5 Gm. 
per 100 c.c. or over. 

Table VI. Average Blood Hemoglobin Concentration (Gm. per 100 c.c.) 


FOOD RATION 


MALE 

FEMALE 

CLASSIFICATION 

AGE 

HEMOGLOBIN l NUMBER 

HEMOGLOBIN | NUMBER 



Fig. 3. 


Amenorrhea: Absent menses of two months’ duration or more, not due to 
pregnancy, was present in 16 per cent of the women between the ages of 15 and 
44. The duration of absence was two to three months in 10 per cent, three to 
six months in 5 per cent, and more than six months in 1 per cent. 

Food Consumption . — 

The food consumption of 918 individuals was determined - tint n? „r 

those from bezirlts 7,8, and 9 is presented in Table VII. ’ * 
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Table VII. Average Food Coxsumi*tiox by K.mox Groups, Vienna, Bezirks 7 , b, and 9, 
August 27-31, 1915 (Grams Per Person Per Pay) 


1 

RATION' GROUP 


?x 

u. 

1 

J-A 

’A 

r* 

i 

> 

Y. 

> 

i/l 

i 

X 

j 

< 

< 

iSi 

< 



Heavy workers 














and Workers 














Male 

•17 

207 

34 

2 

183 

00 

37 

84 

>i 


1 

1 

23 

Female 

12 

332 

Ijij 

V 

104 

50 

17 

5S 

03 



1 


Employees 














Male 

3-1 

221 

oG 

2 

1S3 

50 

38 

103 

3 


•I 

1 


Female 

34 

220 

titi 

1 

121 


oG 

91 

*J 


~\ 

1 


Children 














0 to ti 

24 

249 

35 

1 

198 

s 


77 


200 




0 to 12 

31 

337 

32 

1 

177 

12 


44 


10 


s 


Others 














Male 

17 

221 

48 

3 

215 


44 

09 



1 

*> 


Female 

1-17 

20G 

39 

•> 

124 

24 


77 

0 

0 


i 

G 

Total 

3 Hi 














Although meat, fats, ami sugar were authorized for issue, there was uo 
meat available and very little fat or sugar. Most families had none of these 
items. Likewise, there were no eggs available, with the exception of one in- 
dividual in an outlying hezirk who reported having had one egg; there was 
almost no cheese. Consequently, the diet consisted principally of bread, or 
flour, potatoes, and pulses (dried beans or peas) with some fresh vegetables. 
Contrary to expectations, the vegetable consumption was not higher in the out- 
lying bezirks (except in the case of the children) with the exception of a few 
cases where pregnant women or nursing mothers were able to obtain small 
amounts. The significant fact is that all of the protein of the diets of the people 
in bezirks 7, 8, and 9 were derived from vegetable sources, and this was also 
true, with a few exceptions, for the other groups surveyed. 

It is also to be noted that ration supplements issued for the worker and 
heavy worker groups were obviously shared with the entire family, since the 
bread consumption for children was above the ration allowance, while that for 
the worker categories was below their ration allowance. This is quite evident 
when flour is considered a part of the bread ration. 

The analyses of the food consumed by ration groups, as found in bezirks 
7, 8, and 9, are presented in Table VIII. 

It is apparent that the diets as consumed were quite deficient in calories, 
with the possible exception of children up to six years. Eiglity-two per cent of 
the calories were provided from carbohydrates; whereas it is considered that 
good nutrition requires not more than 60 per cent of the calories provided from 
carbohydrates, with the balance from fat and protein. In these diets, fat is 
notably deficient. 

The diets were also deficient in calcium, and in vitamin A riboflavin, and 
niacin. In most cases the vitamin C content is well below the recommended 
levels, but, with the exception of the diets for the children in bezirks 7, S, and 9, 
the deficiency of vitamin C was probably not serious. 
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Table VUI. Analysis of lA , <).. CoNSUMF..» i i v Ration Gholis, B 



Children 
0 to 6 
6 to 12 


1214 

1200 


Others 

Male 

Female 


1100 

1000 


52 
» » 

10 

(3 

232 

255 

383 

144 

13 

12 

420 

400 

1.3 

1.3 

0.8 

0.8 

6.0 

6.0 

26 

24 

**■* 

44 

43 

7 

6 

219 

200 

162 

202 

13 

12 

430 

1270 

1.2 

1.1 

0.6 

0.6 

5.4 

5.1 

39 

48 


DISCUSSION 

. • i„ n „ tiint tlio neonle o£ Vienna, as scon in 
From the data presented i is c , nourished This was evidenced by 

the late summer of 1945, were 10 Mh.gr.ms 

their appearance weight ( P ncmi mode rate hypoproteinemia, and 

under the U. S. standard (Fig. 1), nil a „„ t+ t s a ) s0 clear 

‘ hunger edema ” in a sm f 1 ' U \^^ 1 Jp e n ™Uv was not sufficient do maintain 

that the food being eaten at the time can ‘ from these facts suspect that 

weight and adequate nutrition. T r , ithvinter unless more food was 

frank starvation would have ensued at least bj midim content of 

provided. Furthermore, it - probable that vith the ^ ^ ^ ^ ^ 

the diet some ihis continued throughout- the winter 

and spring of 1946 in sufficient 9 ua “ t, “ S *“ ^“comment. The low incidence 

Certain of ' .am n deficiencies is a rcniarh.ble ob- 

of the signs associated w th ap«.f * ^ other £rom Europe.'- » 

servation and, m «ene a , < » First the duration of the very poor 

Three factoid may help account foi this. ; _t of si°ris of 

ScS;" d ; d 

the vitamin requirements. .. . „ , ... 

Loss of weight of adults was by far the most striking finding in the cit> 

of Vienna. Nutrition surveys also were made in two smaller cities, Linz 
(population 250,000) and Enns (population 17,000), by the same group of 
investigators. In Linz, 22 per cent of the population was more than 10 kilo- 
grams "in weight under the U. S. standard, in Enns, 18 per cent, as compared 
with 48 per cent in Vienna. Thus it may be seen that the large city suffered. 


14S0 


DAVIDSON, W1I.CK1-:, l'KIX, AND RKIXKK 


as one might expect, much more than the small ones. In a group of German 
prisoners, 8 70 per cent were more than 10 kilograms below the U. S. standard. 
Here frank starvation was present ancl the incidence of hunger edema was 
24 per cent. 

It is a little surprising that the average weight of the children was not 
greatly below the U. S. standard. A similar survey made in 1920 and reported 
by the American .Relief Administration 1 ' 1 reported values for 10- and 15-year- 
old children that were lower than those given here, both for weight and height 
(Table II). It seems probable, therefore, that the nutritional status of the chil- 
dren during World War II was somewhat better than during World War I, and 
reflects the general increase in height and weight in children in many countries 
following the first war. 

The high incidence of weakness, fatigue, and syncope is not surprising con- 
sidering the extreme weight loss in many of the adults. The poor posture and 
lethargy have often been observed in severe weight loss. 

It is difficult to interpret the occurrence of papillary atrophy and redness 
of the tongue since these signs occurred largely in edentulous individuals. In- 
cidence of these signs does not necessarily signify a deficiency in vitamin B 
complex. 

An acrocyanotic appearance of the hands, often with paresthesia, was defi- 
nite but occurred in a much smaller proportion of the population than was 
observed in a group of starving German prisoners. 8 This suggests that the 
phenomenon is related to the degree of undernutrition. Others have described 
somewhat similar neurological manifestations in undernourished and starved 
groups and the data have been reviewed recently by Denny-Brown. 10 

The appearance of hunger edema, although in very small incidence, sug- 
gests that the nutrition of the general population was at a critical level. The 
average serum protein concentration was somewhat lower in this group than in 
those with other forms of edema or in those without edema. 

The incidence and duration of amenorrhea in women between the ages of 
15 and 44 is probably somewhat increased above that seen in normal individuals 
in normal times, and is probably related to a number of factors, including 
undernutrition and stress. ' 


SUMMARY 

A survey of the nutritional status of 2,325 Viennese civilians under United 
States occupation in the summer of 1945 revealed : 

1. Marked reduction in weight, especially in adults, below the U. S. stand- 
ard for height and weight. 

2. Commonly observed weakness, easy fatigability, and even syncope; 
apathetic facial expressions. 

3. Surprisingly few signs suggestive of specific vitamin deficiencies. 

4. An acrocyanotic appearance of the hands and feet, often associated with 
paresthesia. 

5. Hunger edema in forty-five individuals, although average serum protein 
concentrations were riot far below normal. 
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6, Average hemoglobin conee, ilrations below nonnal, although marked 
anemia was present in but a small numbei. t j ic survey shewed 

. - - — - -■ 
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FAILURE OF THE ISOLATED PERFUSED MAMMALIAN HEART TO 
DESTROY REX IN AND ANOIOTOXIN 

Walter J. Tk.vutm.vx, -fit., M.D., 'Whj.lvm D. Davis, Jk., M.D., and 

Thomas Fixdlky, M.D. 

Nkw OiiIjKaxs, La. 

I T “" ass ““ ,e<1 tll(i polypeptide, angiotonin, is the active pressor 
* “ “ l l«r avtoriolai- const rid ion to o x| ,cri,„cnt a l hypertension 

' a , ' f 1S , 01 mu tbe interaction of the proteolytic enzyme renin on a 
olirecfl ° 1>Ias " ,a »J oblll,n - * Si »ce the point of pressor activity seems to be 
hv tl o- U * C tU ° ' U . mus< ^ e > tbc <1 nest ion of fixation of the pressor material 
b the efteetor tissue arises. 1 It is technically difficult to measure fixation bv 

fW 81 T ’ bUt ‘’ ard,ae nuisde is “ readily accessible similar materia!. 

onsecpiemly renin and angiotonin were separately perfused through the 
canary system ot isolated rabbit hearts to determine whether there was any 

; 5 ? U IU su stance, and saline extracts of perfused and nnperfused rabbit 
hearts were assayed tor pressor activity. 

™ rcn,n ' va * prepared from hog kidney powder by the method of Schales. 2 

J 01 UI1 Pnrified fraction of renin was used. This renin, which contained 

m Ceu tota nit rogcn, was relatively stable in the refrigerator and its 
dilute/ f W n% a f Sa 5’? rt !! t four :' at units l ,er rnbic centimeter.* This renin was 
i?°n n an , * ta | Un ' ts J,el ( ‘nbic centimeter with Ringer-Locked solu- 
i, ' 1 s " C-1C lcU( lored unconscious by a blow on the head and the 

T l washcd in ^tiive solution at a tempera- 

ZJ. d '- b L - J ho hearts wp re immediately attached to a modified Langen- 
oi coronary perfusion apparatus and perfused with Ringer-Locke’s solution 
until they were free from blood, at which time perfusion with renin or angio- 
onm was begun. Samples of the perfusate as it issued from the venous side 
iieie collected at approximately fifteen-minute intervals thereafter until fortv- 
five minutes had elapsed. 

' ( ! n0l !‘ S P° l ^ usate ’"as assayed in eats anesthetized with pentobarbital 
.. j 1 ", , 00 P iessllle changes were read directly from a mercury manometer 
T a iCd + by y ubbei ; tubing to a canmilated carotid artery and filled with 4 
pel cen so nun eitiate. The solutions to be assayed were injected into a 
emoia 'em. ie ug lei concentrations of renin were assayed directly as 
co ee e 10 m ie coionary system, hut the move dilute solutions were first 
converted to angiotonin by the method of Schales, Holden, and Schales/ The 
angiotonin perfusate was also prepared by this method, beef plasma being used 
as a source of globulin substrate, and was so diluted with Ringer- Locke's solu- 
Lonthat 1.0 c.c. gave a 20 mm. rise of blood pressure in the assay cats. 

From the Research Laboratories ot the Alton Ochsner Medical Foundation. 

X. Y. W ° rk WaS suppolted by a Brant from the AYinthrop Chemical Co., Inc., New York, 

Renin and angiotonin were kindly prepared for us bv Otto Schales D Sc 
Received for publication. Sept. 2!), 1017. ' ’ 

anesthetized C cat, will produce a’blotd ^r'essufe rfsTot lo mm.^f intravenous,y in tf,e 
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Different rabbit hearts were used for each dilution of renin and angiotonin. 
All the perfused hearts were frozen in the refrigerator for varying periods. 
After refrigeration the hearts were cut into small pieces and ground in a-rnortar. 
Each minced heart was then shaken with 20 c.c. of physiologic saline solution 
for thirty minutes, the mixture centrifuged, and the supernatant fluid assayed 
for pressor activity in the described manner. Unperfused rabbit hearts were 
treated and assayed in the same fashion. 

Equivalent pressor responses were obtained by the concentrated renin solu- 
tion before and after perfusion through the isolated rabbit heart (Table I, Ex- 
periments 2, 3, 4, and 6). Similarly, following conversion of the dilute renin 
solution to angiotonin no difference in pressor activity could be demonstrated 
after perfusion (Table I, Experiments 1 and 5). Equivalent pressor responses 
were also obtained with angiotonin both before and after perfusion (Table II). 


Table I. Assay of Renin in Coronary Perfusate (Injections Made in Anesthetized Cat) 


f.xperi- 

MENT 

INJECTION TEST MATERIAL 

IXJECT. 

(C.C.) 

B. P. RISE 
(MM. HG) 

REXIX LOSS 

, T 

iinger-Locke’s solution 

i 

0 




i 

0 


I 

Jnperfused renin, 0.05 cat unit/e.c., eon- 

o 

25 


1 

verted to angiotonin 

I 

15 

None 

I 

’erfused renin, 0.05 eat unit/c.e., con- 

2 

25 



verted to angiotonin 

9 

20 




o 

25 


i 

linger-Locke ’s solution 

9 

0 


i 

.Jnperfused renin, 0 5 cat unit/c.e. 

9 

30 



Perfused renin, 0.5 cat unit/e.c. 





No. 1 

2 

30 

None 



2 

20 



No. 2 

9 

30 




9 

2U 



Ringer-Locke ’s solution 

9 

0 




9 

0 


•J 

Unperfused renin, 0.5 eat unit/e.c. 

2 

iiKEjQyBil 

None 


Perfused renin, 0.5 cat unit/c.c. 


30 




1 ' k9 ■ 

30 



Ringer-Locke ’s solution 


o 





0 



Unperfused renin, 0.5 cat unit/c.c. 


30 


4 


2 

30 

None 

Perfused renin, 0.5 cat unit/c.c. 





No. 1 

o 

30 



No. 2 

2 

30 




o 

30 



No. a 

o 

25- 



Inactivated angiotonin 

2 

0 



Unperfused renin, 0.05 cat unit/c.c., con 

2 

IS 


5 

verted to angiotonin 

o 


None 


Perfused renin, 0.05 cat unit/e.c., con- 

i 




\ertcd to angiotonin 

o 









Ringer-Locke T s solution 

o 

BS 




o 

0 


t* 

\ njH*rfibi.'il renin, 0.5 cat unit/c.c. 

o 

no 

None 


I’erfu-ed renin, 0.5 cat unit/e c. 

1 

1 »> 

25-30 
) 30 
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Table II. Assay on Angiotonin in Coronary Peukusate (Injections Hade is 

Anesthetized Cat) 


EXPEIU- 


INJECT. 

B. 1*. RISE 

AXGIOTOm* 

MENT 

TEST MATERIAL 

(c.c.) 

(MM. UG.) 

LOSS 


Ringer-Locke ’a solution 

O 

0 



i 

2 

0 



Unperfused angiotonin 1:20 in Ringer- 

1 

20 



Locke’s solution 

J 

20 



Perfused angiotonin 1:20 in Ringer- 





Locke’s solution 




7 

No. t 

1 

20 

None 



1 

15-20 



No. 2 

1 

20 




1 

20 



No. X 

1 

20 




1 

20 



Ringer-Loeke ’s solution 

1 

0 



Unperfused angiotonin 1:20 in Ringer- 

1 

20 



Locke’s solution 

1 

20 



Perfused angiotonin 1 CIO in Ringer 's 





Locke ’s solution 




s 

No. 1 

1 

15-20 

None 



1 

20 



No. 2 

1 

20 




1 

20 



No. 3 

1 

20 




1 

20 



Saline extracts of both the perfused and the unperfused rabbit hearts were 
then injected into assay cats and they produced identical pressor responses. 
Each kind of extract caused an initial drop in blood pressure of 10 to 15 mm. 
of mercury followed by a rapid rise of 10 to 15 nun. above its original level 
which lasted less than two minutes. It is assumed that this pressor response 
is due to the epinephrine-lilce compound described by von Euler 7 and others. 

Renin in a concentration of 0.5 eat unit per cubic centimeter, when per- 
fused through the rabbit heart, caused a decrease in the rate and amplitude ot 
ventricular contraction. On the other hand, a solution whose concentration 
was 0.05 cat unit per cubic centimeter had no demonstrable effect on the heart. 
It is believed that the toxic effect of the more concentrated renin Avas due to the 
toluene preservative or to other foreign material and not to the renin itself, 
since others 3 have shoAvn that renin is Avithout effect on the mammalian heart 
and that toluene in Ringer-Locke ’s solution is toxic. 

Angiotonin, in the concentration used, transiently diminished coronary floiv, 
but a slight augmentation in the rate and amplitude of ventricular contraction 
Avas noted. These observations corroborate the work of others. 3 ' 6 

CONCLUSIONS 

1. Renin and angiotonin may be perfused through the coronary system of 
the rabbit Avithout loss of pressor activity. 

2. Saline extracts of normal rabbit hearts and of rabbit hearts Avhicli have 
been perfused Avitli either renin or angiotonin exhibit slight but equal pressor 
responses. 
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POTASSIUM CONTENT OP NORMAL CEREBROSPINAL FLUID 

James A. IIelmsworth, M.D. 

Cincinnati, Ohio 

With the Technical Assistance ok M. Llich.ee Keeker 

S INCE the investigations of Mcstrezat, 1 - 8 reported in 1911 and 1912, the con- 
centration of most of tlxe inorganic elements in normal cerebrospinal ililid 
has been well known. During the ensuing three decades many workers improved 
the methods of analysis, adapted them for clinical application, and confirmed 
the reported concentrations of inorganic elements. The concentrations of the 
cations sodium, calcium, magnesium, and phosphorus have been well established. 
The levels of the anions chloride, phosphate, and bicarbonate also can be stated 
without qualification. The level of the cation potassium, however, has remained 
more or less in question. For many years the determination of this ion has 
been of academic interest only, and possibly is even now. For its determination 
various workers have employed methods derived from chemical reactions which 
are not ideal for quantitative analysis. Values have been reported after the 
study of small groups of incompletely described patients. Merritt and Smith 3 
concluded that, “the potassium content of the cerebrospinal iluid has not been 
sufficiently investigated. ’ ’ 

In Table I the results obtained by workers who have examined normal 
spinal fluids have been tabulated. In most cases there was no statement of the 
estimated accuracy of the method employed, nor has it been possible in every 
case to ascertain the method used. It may be questioned whether the number 
of determinations made constituted an adequate series for the formation of 
statistically significant conclusions. 


Table I. Potassium Context Found by Other Investigators 


INVESTIGATOR 

NUMBER 

OF 

CASES 



1 METHOD 

OF 

analysis 

Leulier, Velluz, and Griffon-* 

20 

11 -1U 

12.3 

Modified cobaltinitrite 

Pincus and Kramer'* 

:t 

12.8-10.0 

lo.l 

Cobaltinitrite 

Leipohl 3 

Hi 

10.5-10.9 

13.5 

Not stated 

Merritt and Smith 3 

15 

11 -15 

13.2 

Not stated 

Honeyman and Zwemer 7 

10 

12 -14.5 

13.3 

Modified cobaltinitrite 

Eisler 8 

19 

13 -13.o 

13.2 

Cobaltinitrite 

Lierle and Sage 3 

4 

not stated 

12. S 

Cobaltinitrite 

Hulierem 

14 

not stated 

11.17 

Cobaltinitrite 

Ballif and Gherscovici* 1 

not stated 

10 -18 

not stated 

Cobaltinitrite 


MATERIAL 

The samples of spinal fluid were taken from the lumbar subarachnoid space of patients 
entirely free from clinical evidence of neurologic disorders. (AIcCauce and lVatcliorn, 12 in a 
small series, found that the potassium content of ventricular fluids was slightly less than that 
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of fluid from the lumbar sue. Unpublished data of our own indicate a difference in the con- 
tent at the central and at more distal levels in the same patients.) The ages varied widely 
from the first to the fifth decade. The number of male and female patients was approximately 
equal. Many of the specimens were obtained at the time of administration of a spinal anes- 
thetic; that is, the fluid was removed before the agent was instilled. The occasion for the 
anesthesia was an elective operation such as a hernioplasty. Most of these patients had been 
fasting twelve hours, but there was no apparent disturbance in fluid or electrolyte balance. 
The remaining specimens were obtained from patients convalescing on surgical wards. Care 
"as taken to use only those who were in satisfactory general health and without fluid or 
electrolyte imbalance. Xo fluid was used from any patient who had a positive blood Kahn 
reaction. 

The fluid was collected in chemically clean test tubes with aseptic precautions. It was 
placed in the refrigerator until the analysis could be begun. Microscopic examination of the 
fluid was not made in every case. Ballif and Gherscoviei 11 state that the mixture in vitro of 
cerebrospinal fluid with the erythrocytes of the same individual did not affect the potassium 
content of the cerebrospinal fluid, even when the mixture was kept from one to four days. 
All fluids examined in tills study were crystal clear. 

As a precaution, all fluids were ashed within forty-eight hours of their removal from 
the patient. It was believed that delay after this treatment of the sample would not be 
accompanied by any quantitative alteration of potassium content. 

It is beyond the scope of this work to criticize the various methods available for the 
determination of potassium in biological fluids. Peters and Van Blyke, in addition to other 
authorities, have indicated that the determination of potassium by converting it to potassium 
chloroplatinate and subsequently iodoplatinate is a method based on sound principles of quan- 
titative analysis. The Lindo-Gladding procedure 1 * was adapted by Sholil and Bennett 1 * and 
later altered by Consolazio and Talbott. 15 We have employed their methods with few altera - 
bons. The changes made, however, seemed of such importance that we have detailed our steps. 
M'e have borrowed freely from Sholil and Bennett and from Consolazio and Talbott for the 
general outline of the analysis. 


METHOD 


The principle of the method is the precipitation of potassium chloroplatinate in the ash 
of biologic fluids and its determination by titration. A quantitative determination is made 
possible by the conversion of potassium chloroplatinate to potassium iodoplatinate on the 
addition of potassium iodide. The wine color of potassium iodoplatinate varies in intensity 
depending upon the amount of potassium chloroplatinate reacting with potassium iodide. 
The rate of development of the color is proportional to the concentration of the potassium 
iodide. Heat also speeds the development of color. In the presence of acid color develop- 
ment is hastened, but an excess of acid liberates free iodine which will destroy the propor- 
tional relation of color development. Sunshine will also liberate iodine. 

In the final titration iodoplatinate is reduced in neutral solution with sodium thiosulfate. 
This reduced salt is lemon colored and serves as a self-indicator. At the end point one drop 
of the thiosulfate changes the solution’s color from reddish- to greenish-yellow. 


Eeiiyeiita mid Special Equipment . — 

50 per cent sulfuric acid. 

50 per cent sodium sulfate solution. 

20 per cent chloroplatinic acid in X HC1. Made by dissolving 10 Gm. platinum chloride 
H-PtCl. GIUO in X hydrochloric acid and diluting to 50 ml. with X IIC1 ’ 

Absolute ethyl alcohol saturated with potassium chloroplatinate. The potassium 
chloroplatinate was prepared by mixing 0.2S<5 Gm. of potassium chloride 0 5 Gm 
of platinum chloride, ILPtCl.GILO, and 1 ml. distilled water These" were 
allowed ,o Stand a short time; the supernatant was then drained off bv suction 
and the precipitate washed tw.ee with 5 ml. of absolute ethyl alcohol ' The ore’ 
cipitate was dried by evaporation and kept in a desiccator. To 500 ^.1. 
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absolute alcohol was added the amount of potassium ehloroplutinute held 
ou a toothpick end. This was shaken and allowed to stand overnight. With- 
out disturbing the precipitate, the solution was filtered immediately before each 
use. The unused solution was returned to the bottle containing the excess of 
potassium ehloroplutinute. 

2 N (approximately) potassium iodide. This was made each time immediately before 
use and placed in a brown bottle. 

0.1 X sodium thiosulfate. The normality required frequent cheeking. 

0.1 X potassium iodate. This was used to standardize the sodium thiosulfate solution. 

10 ml. capacity cone-pointed quart/, tubes. 

Glass stirring rods, 1 nun. diameter and 200 rum. long. 

^lufile furnace. 

Mieroburette with fine capillary tips for delivery. 

Capillary suction tips for removal of supernatant without disturbing the precipitate. 

PROCEDURE 

Each determination was completed in one cone-pointed quart/, tube. Two blanks were 
prepared, each containing one drop 5U per cent sulfuric acid and one drop 50 per cent 
sodium sulfate. Wherever possible, samples were analyzed in duplicate or triplicate. One 
milliliter of unknown solution, one drop 50 per cent sulfuric acid, and ono drop 50 per cent 
sodium sulfate were placed in the quartz tube. The tubes were kept in the constant tem- 
perature oven at 100 to 105° C. until the solution had evaporated; this process usually 
required four hours. The tubes were transferred to the sand bath with temperature at 
100° C. Placing the tubes in the sand at an angle seemed to result in more even distribu- 
tion of the heat. The sand hath temperature was slowly raised to 200° C. and maintained 
for not less than twelve hours. The tubes were transferred to a cold muffle furnace and 
the temperature slowly raised to 475 to 500° C. This temperature was maintained for four 
hours and it thoroughly ashed the tube contents, producing a fine white powder. During 
the process of ashing, the residue tended to creep up the sides of the quartz tubes. Slow- 
ing the ashing step controlled this creeping tendency and eliminated the error which would 
have resulted. The tubes were left in the furnace until cool. Results were better if the 
determination was continued from this stage without delay. 

To each tube was added 0.2 ml. of 20 per cent chloroplatinie acid which dissolved 
all the ash. five milliliters of filtered absolute alcohol saturated with potassium chloro- 
platinate were added; the solution was thoroughly mixed and allowed to stand for thirty 
minutes. The tubes were centrifuged for five minutes at 2,000 revolutions per miuute. 
The supernatant liquid was removed through a capillary tube by suction. The procedure 
was carried out with gentle suction because a minute portion of the precipitate floats and 
does not settle during centrifuging. By keeping the capillary tip well submerged and 
moving it toward the precipitate in the quartz tube base ns siphoning proceeds, all the 
supernatant fluid can be removed without loss of precipitate. 

Five milliliters more of the filtered absolute alcohol were added to each tube and 
mixed well using the capillary stirring rod which accompanied the tube throughout the 
determination. All yellow color was washed from the precipitate. Each stirring rod in 
each quartz tube was rinsed with approximately 0.5 ml. of the alcohol. The tubes were 
again centrifuged and the supernatant removed by cautious suction. If any yellow color 
remained in the precipitate, the entire washing process was repeated. Only bj' washing 
out all the yellow chloroplatinie acid could an accurate final yield of potassium be obtained. 

The tubes were placed in a water bath at 70° C. and slowly brought to boil; boiling 
was continued until all traces of alcohol were evaporated. After each stirring rod had 
been returned to its proper tube, the precipitate in each was dissolved in 5 ml. distilled 
water. To each tube was then added 1 ml. 2 X potassium iodide. The tubes were held 
in the hot bath a few minutes for full color development and then were placed in an ice 
bath and kept cold until titration was completed. It was found that the reduced tem- 
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S/winni'itinitc bv atmospberio oxygen, 
perature limited the oxidation of the potassium .odopUtinatc y 

rendering the potassium yield more accurate. • .Umtod to a lemon yellow with 

In the absence of direct sunlight, each tube y “ “ from the 0.10 N 

freshly made 0.01 N sodium thiosulfate. Just be » ■ accurate results it was neces- 

standard sodium thiosulfate reagent. It "as ou ‘ tl addition of the potassium 
sary to complete the titration within thirty minutes after the 

iodide solution. , , . , , u analysis. Shohl and 

It is of importance to know the accuracj o Aiim ^ Q1 mg _ could be de ter- 

Bennett,i* employing the chemical reactions 011 in > d Talbott, is modifying Shohl 

mined ± 4 per cent, and 0.4 mg., ± 2 per cent. CoMO^ma ^ ^ CQntainer (a CO ne- 
and Bennett’s work so that the determinations r to p, e less than 2 per 

pointed quartz tube) without transfer, beKcved ££'“'^8 determinat ions on replicate 
cent. By statistical analysis ot the valu . investigation the standard 

samples it was shown that in the method emp } analytical error of the 

deviation was ± 0.27 mg. per cent. Expressed in per cent the analytica 

method was 2.75. 

RESULTS 

The results of the study are summarized in Table II. 
clear samples from sixty-four patients who were wi ou syphilis 

balance, detectable signs of organic cent ^ 3 p ^ c ^ t It is seen in Table 

the values were found to range from 8.5 to 11.5 S- P There 

I that other workers have found ranges differing somewhat from thr^ 

are two differences which preclude comparison 0 eir re order. In 

we obtained. The number of analyses completed aie no 0 accepted that 

most studies tlie cobaltinitrite method was employed and it is now accepted 

in potassium sodium cobaltinitrite the potassium conten may v 

T AB „ il Potassium Content « Samv-s or Sixtv-Eouk 

Normal Human Beings (Mg. Per iuu -ml.; 


8.5 

8.7 

8.8 
8.9 
8.9 
9.0 
9.0 

9.0 

9.1 
9.1 
9.1 
9.1 

9.1 

9.2 

9.2 

9.3 


9.3 

9.3 

9.3 

9.4 
9.4 

9.4 

9.5 

9.5 

9.6 
9.6 
9.6 
9.6 

9.6 

9.7 

9.7 

9.8 


9.8 

9.8 

9.8 

9.9 
9.9 

10.0 

10.0 

10.0 

10.0 

10.1 

10.1 

10.1 

10.1 

10.2 

10.2 

10.2 


10.3 

10.3 

10.3 

10.4 

10.4 

10.5 
10.5 

10.5 

10.6 
10.6 
10.7 
10.7 
10.7 
10.9 
10.9 
11.5 


Analysis of the normal values gave a mean of 9.8 mg. per cent. The stand- 
ard deviation of this value was 1.1 mg. per cent; or expressing the standard 
deviation of tlie mean in per cent it was 11.-. 


SUMMARY 

lirief reference to earlier investigations of the concentration of inoiganic 
constituents of normal spinal fluid has been made. Samples of spinal fluid 
obtained by lumbar puncture from sixtv-four normal people were examined for 
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potassium content. The steps ot' the analytical method vote detailed; these 
included the formation of potassium ehloioplatinate from the potassium con- 
tained in the unknown, the conversion of this salt to potassium iodoplatinate. 
and its final titration with sodium thiosulfate. 

The results obtained float the sixty-four normal subjects weie tabulated 
The range of potassium was found to be S3 to 11.3 per cent. A mean of 9.S 
mg. per cent was calculated. 

Without the av.ist.mee of Ur. Henry It \ tier it would lm\u been impossible to tom 
plete the st.itista.il an.ihsm ol results obtained in tho preliminary evaluation of our 
method and its appln ation to normal spinal thud. I)t. Charles U. Stevens and Dr. Samuel 
Kuppaport remleted invaluable assistance with many problems whieh arose .is the method 
of ehemteal analysis was being perteeted. 
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sinus, all of which may cause loss of couxciousuess. The fa at « f y 

without changes in arterial Wood pressure or pulse rate It ■ » » A £ 

of the face, which 1.1 oeiieved to rei ‘cuS par- 

eient to cause temporary cerebral hypoxia. ■ * „ e which is 

ticularly in persons with arteriosclerosis, is accompanied j ■) P ,, 

preceded by a maiked fall in blood pressure with little 01 ^ tension 

rate. The type of cerebral ischemia thus induced is due to ^^l hj P - ■ 

These two types of response are thought to result from ™™%***' rllts 
the sympathetic nervous system. The third type, e 1 ' on t h ere is' marked 

from reflex increase of vagal tone. During this oim o i pressure. The 

slowing of the pulse rate without primary change in ai prevented 

bradycardia and the accompanying cerebral manifestations can be pitted 

by adequate dosage of atropine sulfate. ^ mnon- 

Recently, a patient who exhibited signs and f ““ '^h So,, 

siveness to .stimulation of the carotid sinus teas re eue o effects 

of Cleveland Clinic Fonndation. Because of ‘h. Present mte.es :m the effects 

of tetraethyl ammonium ion upon functions ot tie \e c e 
the effect of the drag was investigated in this syndrome. 

case report 

, . ,1 fed r,vpr -i period of months brief episodes of giddiness 

A 52-year-old white man had noted ov P 1 ahaving hi , nec k. On one occasion 

which follow ed stooping sudden seiz ’ r ' c . Examination showed grade 1 retinal 

he lost consciousness and had a short corn ulsiv . thereafter 

sclerosis. Arm™. More ■>'“«’ ,l„ pattat .... sitting 
ateraged 110/70. Pressure applied to the eft • Qn the right sinU4 caused marked 

caused bradycardia and reproduced the guUme s. ^ uhich e tded when pressure was 

slowing of the heart and a brief f ine t0 he norma} . The standard limb leads 

removed. Examination showed the blood and urine 

of the electrocardiogram were normal. . 

Effects of Carotid .Slam Stimulation on Pulse Pate and Blood Pressure.-h tnk.ng brady- 
cardia resulted from pressure applied to either the right or left carotid sinus or to both In 
one instance, asystole which was prolonged for ->A seconds was recorded m standard limb 
lead II of the electrocardiogram (Fig. 1). The Mood ,lurln S Simulation fell from 

control levels of 110/70 to range from 90/00 to 00/50. The degree of hypotension was depend- 
out on tin* intensity and duration of prepare ami on whether one or both singes ^ere >tim- 
ulatod. It was thus regularly possible to reproduce the presenting niptom of giddine , -s. 

Ki om the Research Division of the Cleveland Clinic Kounriation. 

Kecelv.d for nubllcatlun. October It. 1917. 
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Effect ft of Atropine *S'uf/ti(<. — After the intravenous injection of 1.3 mg. of atropine 
sulfate even severe stimulation of the sinuses did not slow the heart rate appreciably (Fiji. 1). 
Although the blood pressure fell from 10:1/72 to St/52, no subjective symptoms appeared 
(Table I). The persistence of a hypotensive response after atropine had prevented brady- 
cardia indicates that the type of hypersensitivity was mixed, that is, of both second and 
third types of reaction. 


Table I. Effects of -Stim ulatton of Carotid Hineses Befoul ash After Intravenous 
Injection of Atropine Sci.fate ani> of Tetraethyl Ammonium Chi.orim: 



rONTKOl. 

; 

AFTER intravenous 
INJECTION OF 1.3 M(i. 
ATROPINE sulfate 

AFTER INTRAVENOUS 
INJECTION OF 400 MO- 
TETRAETHYL AMMO- 
NIUM CHLORIDE 


blood 

PRESSURE 

(MM. no.) 

! pri.SK 
[ ( PKU MIN*.') 

11I.OOI) 
PRESSURE j 
! (MM. 110.) i 

ITI.SE 
(PER MIN.) 

1 lil.OOD 
PRESSURE 
| (MM. HO.) 

! pulse 

| (PER Mis. t 

Initial 

101/70 

S3 

102/70 

St 

90/00 

91 

During stimulation of 
left carotid sinus 

9S/m; 


ss/os 

*>•> 

90/00 

91 

During stimulation of 
right carotid sinus 

0S/-IS 

(3.2 M‘t*. 
nsys4toU*\ 

Sl/51 

so 

S8/50 

ss 

During simultaneous 
stimulation of both 
carotid sinuses 

150/51) 

(5.1 sec. 
asystole) 

st/52 

70 

88/50 

85 


Effects of Tetraethyl Ammonium Chloride . — Intravenous injection of 400 nig. of tetra- 
ethyl ammonium chloride reduced the arterial pressure on an average from 110/70 to S0/30- 
00/(50 on three occasions. There was slight increase in pulse rate (S2 to 90) and the onh 
subjective symptoms were slight and transient numbness and tingling. Two to three minutes 
after administration of the drug, pressure over tin* carotid bifurcations caused no change in 
pulse rate, elicited no symptoms, and the blood pressure fell only 5 to 10 turn, systolic and 
diastolic. The refractory phase persisted for thiitv to forty minutes, at the end of "hieh 
time stimulation induced the phenomena seen in control observations. 

Tetraethyl ammonium chloride (400 mg.) uas given by intramuscular injection on alter- 
nate days for fourteen days. During this time, the symptoms did not recur. However, it "as 
not unusual for several necks to pass without symptoms when no treatment "ns being given. 

COMMENT 

The mechanism by which tetraethyl ammonium ion blocks the passage of 
impulse over the autonomic nervous system has been studied by Aeheson and 
Moe . 2 ’ 3 They demonstrated that the drug paralyzes sympathetic and para- 
sympathetic ganglia. Clinical evidences of parasympathetic inhibition were 
furnished by Lyons and co-workers 4 who demonstrated gastrointestinal hypo- 
motility and loss of tone of the urinary bladder. Birchall, Taylor, Lowenstein. 
and Page' attributed the mydriasis and dry mouth which followed intravenous 
injection of the drug to paralysis of the parasympathetic ganglia of cranial 
nerves. 

In the light of this evidence it is not surprising that tetraethyl ammonium 
inhibits the increased vagal responsiveness of hypersensitivity of the carotid 
sinuses. In contrast to atropine, which acts at nerve endings, tetraethyl ammo- 
nium blocks transmission at the ganglia. Nevertheless, the ultimate effects of 
the two drugs on the parasympathetic component of the hypersensitive carotid 
sinus reflex are similar. This similarity of action does not extend to the sym- 
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pathetic aspect of the carotid sinus reflex, namely the hypotension. Atropine 
does not prevent the fall in blood pressure induced by sinus stimulation. Tetra- 
ethyl ammonium, by virtue of its blocking both parasympathetic and sympathetic 
ganglia, prevents both the vagal component of bradycardia and the arterial 
hypotension. 

These observations furnish further clinical evidence of the activity of tetra- 
ethyl ammonium on the autonomic nervous system. However, the effects in 
hypersensitivity of the carotid sinus are transient. Consequently, the drug is 
not recommended as a substitute for atropine in the management of hyper- 
sensitivity of the carotid sinus, characterized by bradycardia. 

SUMMARY 

A 52-year-old man who had hypersensitive carotid sinus syndrome was 
observed. Stimulation of the sinuses by pressure caused bradycardia, reduction 
of blood pressure, giddiness and syncope. The bradycardia was presumably 
due to increased vagal tone and the fall of arterial pressure to vasodilatation 
of sympathetic origin. Atropine sulfate, by its ability to inhibit parasympathetic 
activity, blocked the vagal but had no effect upon the sympathetic component. 
Tetraethyl ammonium chloride, which paralyzes both parasympathetic and 
sympathetic ganglia, prevented both responses. This inhibition of the vegetative 
nervous system by tetraethyl ammonium persisted for only thirty to forty 
minutes. Because the effect of tetraethyl ammonium, though more complete 
than that of atropine, is of brief duration, it is not recommended for treatment 
of hypersensitive carotid sinus syndrome of this type. 

We are indebted to Dr. E. C. Yonder Heide, Parke, Davis & Company, Detroit, Mich., 
tor a generous supply of tetraethyl ammonium chloride (Etamon). 
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LABORATORY METHODS 


AN APPARATUS FOR CONTINUOUS RECORDING OF THE VOLUME 

OF EXPIRED AIR 

C. C. Scott, .M.D.. Pii.l)., and II. .M. Woirru, A.B. 

• I NDI ANAI'OI.IS, Txi). 

V ARIOUS methods are available for recording the respiratory minute volume, 
most common of which is the collection of expired air in a spirometer or 
Douglas bag. Obviously there are a number of limitations to such a procedure. 
We therefore sought an apparatus which would give a continuous record, 
provide exact information from minute to minute, require practically no atten- 
tion, and be simply and sturdily constructed. Such a unit with these character- 
istics has been in use in these laboratories for the past three years. It has 
been especially valuable in quantitative studies comparing respiratory stimula- 
tion 1 and depression- by drugs. Both man and dog have been employed with 
the same machine. Although not yet tried, respiration of unanesthetized dogs 
could easily be measured by utilizing an appropriate mask. A very brief descrip- 
tion of the method has been given previously. 3 Details of construction are 
herein reported. 

APPARATUS 

The design of the collecting apparatus is shown in Fig. 1. It consists of two 
Ivrogh-type spirometers attached by an overhead cord and pulleys to counter- 
balance each other. These spirometers are connected to standard one-half inch 
galvanized pipes to carry the expired air. Four solenoid valves are located in the 
pipes, two in front of and two behind each spirometer. The solenoids are 
closed except when activated. The circuit is so arranged that one front valve 
and the opposite rear solenoid arc opened simultaneously, and vice versa. This 
enables one spirometer to empty while the other is being filled with expired air. 
Mercury switches are situated above the tanks, contact with which controls the 
operation of the solenoids. Once contact is made, the mercury switch is in- 
activated until the tank trips the opposite one. This prevents any possible 
error, since connections are made to an automatic counter and to a signal magnet 
for recording on paper. The diagram of the wiring is given in Fig. 2. 

In close proximity to the subject or test animal are two valves. Their con- 
struction is seen in Fig. 3 and resembles that described by Wright. 4 Each valve 
consists of a glass tube surrounded bv a small pool of mercury on which rests 
a lightweight inverted glass cup. One valve allows air to enter for inspiration, 
while the other transmits expired air to the collecting device. The dead air 
space is small to prevent undesired effects on normal respiration. All tubing is 
at least 13 mm. inside diameter to allow air to pass freely. The valves operate 
easily and are of sufficient size to eliminate points of resistance. We have tried 
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various rubber-flap valves, including those described by Chambers and asso- 
ciates, 3 but in our experience they tend to leak, particularly during strong 
respiratory movements. A light bulb with reflector placed close to the expira- 
tory valve provides sufficient heat to prevent condensation of moisture. 

The exact resistance to flow of air was measured for different rates and 
depths of respiration. To do this, a water manometer was connected to a 
side arm of the tube leading to the subject. For comparison, measurements were 
made also with a standard basal metaholism machine and a 177-liter Tissot spi- 
rometer. The results with the three types of apparatus were quite comparable. 



Fig. 3. — Respiration valves which direct expired uir to collecting apparatus but prevent re- 
breathing. 

With normal respiration, our machine showed values of -5 mm. water and +2a 
mm. water on inspiration and expiration, respectively. This compared with 
-7 mm. and +15 mm. for the Tissot spirometer, and -3 nun. and +2 mm. for the 
basal metabolism apparatus. When the rate and depth of respiration were 
augmented, resistance increased greatly with all three devices. Expiratory 
pressures increased to 70 to 90 mm. water, while there was a decrease of 
inspiratory pressures to -30 to -60 mm. water. There was no difference between 
the three methods. 

Calibration of the spirometers may he done by a 100 e.e. syringe connected 
to the animal side of the inspiratory-expiratory valves. By adjusting the 
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length o£ the overhead cord, the capacity of ^g^y^proper location o£ the 
capacity o£ the two spirometers “ usually have been 

mercury switches. In om expenen , _ • different rates of pulsation 

employed. Calibration values were determine ° the error proved to 

with the syringe. At fates of 30 to 60 pumps ^ met er gave values 

be less than 1 per cent. For instance, ten m 0 3 98 c c . for the right 

of 764.5 ± 3.91 c.c. for the left spirometer and^^^ ^ rates of a ir flow, 
tank, at a rate of 50 pumps per nnnut . _ . system. This is equally 

leakage does occur in the inspiratory-cxpna have no counter- 

true with rubber-flap valves. However, these rates of an 
part in the respiration of human beings 01 0 o D s. 

METHOD 

Human subjects use a mouthpiece such - 
lism apparatus. The mouthpiece is conne - About five minutes are 

valves which in turn are attached to the spirom ' tome( j to the procedure 
usually required for the subject or patient oeco Qr measur i ng period 

and for respiration to stabilize, Subsequ \ n ration is easily tolerated. This 
of ten minutes is sufficient, but a much longer prolonged action 

procedure may he repeated at regular intervals to test the pro 

of such drugs as morphine a good anesthetic for respiratory 

In our experience, sodium pheno irat ° ion will remain unchanged for 

studies in dogs. Owing to its lo ^ c ^ ^ the stimulating or depressing 

hours. This is a distinct advantage 

action of any drug. „ f1 stable to other types of respiratory 

This apparatus should he easily P &ir were nee ded, it would 

studies. In case inspired gases ot 1 ired mixture of gases to 

be necessary only to connect a supply of the clesneu „as 

the tube on the inspiratory valve. 

SUMMARY 

a „ otvlo described which continuously records the volume of 

An appai consists of two spirometers with appropriate valves, 

expired air. Essentially it c ^ ^ ^ other tank empt i es . At each 

filling, registration £made by both a signal magnet and an automatic counter. 
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A MICROM 13THOD FOR TIIK DETERMINATION OF TIIE ALBUMIN- 
GLOBULIN RATIO IN GUINEA PIG SERUM 


E. E. Eckku, Ph.D., and B. Likovkk, B.A. 

Clkvki.ani>, Ohio 

W HILE conducting certain studies on tlie sera of guinea pigs it was found 
desirable to determine the albumin-globulin ratio of these sera. Since the 
methods employed generally require the withdrawal by cardiac puncture of con- 
siderable amounts of blood, a micromethod was developed requiring only one- 
tenth of a milliliter of serum. The blood was obtained by making an incision 
perpendicular to and across the marginal vein of the ear and gently expressing 
the blood into a capillary tube. The technique of bleeding is described by Eeker, 
Iliatt, and Barr. 1 

-METHODS 

The micromethod is based on the methanol precipitation of the globulins in 
human serum as employed by Pillemer and Hutchinson.- The conditions were 
standardized in such a manner that the results obtained by the micromethanol 
precipitation technique agreed with those secured by the electrophoretic analysis 
of the same sera. 

It was noted that at 0 to -5° C. the scrum albumin remained soluble at a 
concentration of 42.5 per cent methanol, pll range of 5.3 to 5.5 (before addition 
of methanol), and ionic strength of 0.015. Under these conditions all the globu- 
lins were precipitated. 


Table I. Comparison or the Alb l m i x- G lob l u x Katjos or Glinka Pig .Sera by Electro- 
phoretic Analysis and by Methanol Precipitation 







GLINKA 

I 'Hi* 





1 

1 2 

1 3 

1 't 

1 d 1 

6 

I ‘ 

! s 

i » 

J_ii_ 

Electrophoresis 











Gm. albumin per 100 e.c. 

3.15 

3.04 

2.SG 

2.96 

3.42 

3.24 

2.39 

1.9S 

2.36 

2.5S 

Gin. globulin per 100 c.c. 

3.03 

3.95 

2.70 

3.11 

3.19 

2.60 

2.72 

2.47 

2.9S 

1.S7 

Albumin-globulin ratio 

1.04 

,S9 

1.00 

.95 

1.07 

1.25 

.SS 

•SO 

.79 

1.3S 

A/G Microwethod 











Gm. albumin per 100 c.c. 

3.17 

2.02 

2.69 

2.S9 

3.35 

3.25 

2.36 

1.90 

2.44 

2.49 

Gm. globulin per 100 e.c. 

3.00 

2.97 

2.S7 

3. IS 

3.26 

2.00 

2.75 

2.55 

2.90 

1.96 

Albumin-globulin ratio 

1,05 

■SS 

.94 

.91 

1.03 

1.26 

.86 

.74 

.84 

1.27_ 

Per cent deviation of AG ratio 

.96 

1.12 

11.32 

4.21 

3.73 

.SO 

mi 

wm 

6.34 

7.60 

Average deviation, 4.0% 


•Guinea pigs 1 through t), normal guinea pigs; 7 anil S, bled by cardiac puncture for 
three successive days before getting serum sample; 0. post-partum guinea pig; 10. 4- week-old 
guinea pig. 
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A comparison o[ the albumin-globulin ratios obtained clcetrophorctieally 

and by the micromethod is found in Table I. closely the aver- 

se results obtained indicate that the two methods agree closelj, 

age deviation being less than 5 per cent micromethod, the globulins of 

As an additional proof of the value of d;lution an dunder 

8 ml. of pooled guinea pig sera were pi ecipi The °lobulin precipi- 

the same conditions as employed in the micro ee linqu • °g q. 1) for 

tate was washed once and dissolved in a veronal buffer 
electrophoretic analysis. The supernatant albumin - P 

and also dissolved in veronal buffer. „ • fraction contained 

The patterns of the two sample 8 showed “ contained 7.7 per 

less than 2 per cent globulins, while the a 
cent of albumin, most of which can be attribute o oce u 

materials 

Methanol Beayent .— Chemically pure methanol, 60 ^ "J 1 -’ c^mid made 
mixing to 393 ml. of distilled water. This mixture is cooled to 0 G. 

up to 1 liter with eold methanol. o i r n a Q f , i i v 

Acetate Buffer (pH, 5.4; g, 0.05). -Sodium acetate : 3 = > 6 - 8 A f the 

acetic acid, 10.6 ml., are diluted to 1 liter rv.th d, stilled water. pH 

solution should be between 5.3 and 5.5. 

procedure 

1. Place 2.9 ml. o£ acetate buffer in a 5 ml volumetric flask and to this 
buffer add 0.1 ml. of the test serum with a ™tame toe : P P ^ ^ 

2. With a volumetric pipette remove - mb of ^ fa 

it to a 15 ml. conical centrifuge tube. £> 

the tip of the pipette back into the 5 ml. flask so that exactly ml. is • 

3. Add 1 ml. of the acetate buffer to the centrifuge tube and fill the 

umetrie flask to tlie 5 ml. mark with the buffer. 

4 Cool the buffered serum in the centrifuge tube to 1 C. Add 7 ml. of 

-i. lool xne Dime Stir we ll, stopper, and allow to 

the methanol reagent cooled to U to o . , , ,• -n 

a if • a • n a a tn -V C During this period the globulins will 

precipitate leaving the albumin in solution. The suspension is then centrifuged 
tar t£y minutes at 2,000 revolutions per minute in a refrigerated eentrifuge 

0 5° Withdraw a 4 ml. aliquot sample of the supernatant with a volumetric 
pipette, transfer it to a digestion flask, and determine the nitrogen content. 

6 A 4 ml. aliquot sample from tlie 5 ml. volumetric flask is the., withdrawn 
and transferred to a digestion flash for a determination of Its nitrogen content. 
From this analysis the total serum protein content is obtained. Nitrogen de- 
terminations are made according to the Pregl and Grant' technique with two 
blanks, one of which is made up of the same proportions as the albumin super- 
natant (3 parts buffer and 7 parts methanol), and the other consisting of 4 ml. 
of buffer. 
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CALCULATIONS 


15/4 x mg. N in Miperunto = Gin. nlbumin per 100 ml. of serum 
15/4 x mg. N in total protein .sample = Gm. of total protein per 100 ml. 
of serum 


Gm. albumin N per 100 ml. of .serum = Per ccnt a i bumin 
Gm. total protein X per 100 ml. of serum 

Gm. total protein X per 100 ml. of serum - Gm. albumin X per 100 nil. 

of scrum = Gm. globulin X per 100 ml. of serum 
100 per cent - Per cent albumin = Per cent globulin 


Per cent albumin 
Per cent globulin 


= Albumin-globulin ratio. 


SUMMARY 

A method is presented which gives the albumin-globulin ratio in as small 
a quantity as 0.1 ml. of guinea pig serum. Values obtained by this technique 
compare favorably with those obtained eleetrophoretically. The conditions 
found here apply to guinea pig scrum. Extension of the method to the sera of 
man and of other animals requires a readjustment of the conditions for 
precipitation. 

REFERENCES 

1. Ecker, E. E., Hiatt, C. W., and Barr, L. M.: Effect of Pregnancy on the Complement of 

Guinea Pigs, .T. Lab. & Ct.ix. Mf.d. 32: 2S7, 1917. .. 

2. Pillcmer, L., and Hutchinson, M. C. : The Determination of the Albumin and Globulin 

Contents of Human Serum by Methanol Precipitation, J. Biol. Chem. 158: 299, 19 jo. 

3. Pregl, F., and Grant, J.: Quantitative Organic Microanalvsi», ed. 4, Philadelphia, lJ4o, 

Tho Blakiston Company. 



SCHLESINGER’S TEST FOR UROBILIN IN THE PRESENCE OF 
RIBOFLAVIN AND OTHER FLUORESCENT COMPOUNDS 


Hans N. Naujiann, M.D. 

Tauton, Mass. 

I N THE past, urinary fluorescence has been noted occasionally following the 
ingestion of acriflavine, s eosin, 13 and fluorescein. 5 With the recent widespread 
use of vitamin preparations green urinary fluorescence due to riboflavin is often 
found which interferes with the green fluorescence of urobilin produced in 
Sehlesinger’s zinc acetate- alcohol test. Such interference may be troublesome 
in cases of hepatic diseases in which urobilinuria is an important sign and, at 
the same time, vitamin B medication is an accepted treatment. 

Ehrlich’s test for urobilinogen, as recommended by Watson, 20 ' 22 is generally 
preferred and is not influenced by fluorescent compounds with the exception of 
aerjflavine. 15 The orange color or precipitate of the latter can be prevented 
by the addition of sodium acetate, according to Watson. Schiesinger’s test, 
however, still has its merits, namely, in eases of old urine specimens where uro- 
bilinogen has been oxidized to urobilin, in determinations on urine of jaundiced 
patients where biliverdin formed by the hydrochloric acid of Ehrlich’s reagent 
niay mask the red nrobilinogen reaction, in cases of albuminuria where protein 
interferes with Ehrlich’s test, 15 and whenever a confirmation of Ehrlich’s test 
is desired. 

The following methods allow the performance of Schiesinger’s test in the 
presence of riboflavin and other dyes exhibiting green fluorescence which may 
occur in urine, and tests for their identification are given. 


TECHNIQUE OF PROCEDURES 


I. Schiesinger’s Test in the Presence of Riboflavin* 


Principle . — Urobilin is extracted with chloroform in which riboflavin is 
insoluble and the chloroform extract treated with zinc acetate and alcohol. 

Method . — Ten cubic centimeters of urine, 10 c.c. of chloroform, 10 drops 
of concentrated HC1, and 2 drops of tincture of iodine are shaken and cen- 
trifuged. The chloroform layer is drawn off, mixed with half its volume of 
alcohol, about 0.2 Gm. of zinc acetate, and 1 drop of concentrated NH,OH, and 
filtered. The filtrate is viewed through the height of the fluid column with 
strong side light against a background of black velvet for the presence of ^reen 
fluorescence. ~ 

Comment. — The extraction of urobilin is not complete. Bilirubin is par- 
tially extracted and may exhibit a reddish fluorescence as first observed bv 
Auehe- and later investigated by Dhere. 1 This red fluorescence, however is 
generally too weak to interfere. ’ 
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II. Schlcsingcr’s Test in the Presence of Acrijlavinc * 

Principle . — Acriflavine is rendered insoluble in chloroform by treatment 
with NaNO s in neid solution, resulting in a purple color reaction. 

Method. — Ten cubic centimeters of urine are treated with 10 drops of con- 
centrated HC1 and 10 drops of 5 per cent NaNO™ and the test completed as 
under I. 

Comment. — An investigation into the nature of the purple color reaction 
which may be due to formation of a nitroso compound or to simple oxidation 
has not been attempted. 

III. Schlesinger’s Test in the Presence of Fluorescein, Eosin, Erylhrosin, and 

Mercurochrome 0 

Principle. — Urinary pigments are adsorbed on cotton in a Tweed column 
and urobilin is eluted with ammonia and alcohol. 

Method. — A glass tube 20 by 1.5 cm. with tapered end (the lower end of 
a, 100 e.e. burette is suitable) is stuffed moderately tightly with absorbent cotton 
to a height of 18 cm.; 10 e.e. of urine mixed with 10 drops of concentrated HC1 
and 20 drops of bromine water are poured on the column and allowed to soak 
into the cotton, followed by 1 e.e. of concentrated Nil ,011 and 6 c.c. of 95 per 
cent alcohol. Two cubic centimeters of filtrate are slowly collected; 10 e.e. of 
alcohol and 3 drops of concentrated NII,OH are added. Half of this mixture 
is filtered without and the other half filtered with the addition of about 0.3 
Gm. zinc acetate. Fluorescence of the latter filtrate indicates the presence of 
urobilin, while the former serves as a control and may show a faint lluorcscenee 
due to fluorescein derivatives which wore not completely retained by the cotton. 

Comment. — The procedure is based on Anita’s test 1 for the artificial coloring 
of food. Since urobilin is partly adsorbed 10 and incompletely eluted the test 
is not very sensitive and a weak fluorescence is evidence of increased urobilin. 
Bilirubin is retained in the cotton and thus separated from urobilin. Eosin 
is best adsorbed and fluorescein least, necessitating its conversion to eosin by 
bromine prior to adsorption. In order to insure sufficient retention of these 
dyes the pinkish or orange color ring appearing on elution should not move 
further than about two-thirds down the column. 

JF. Spectroscopic Test of Urobilin and Fluorescent Dt/cs in Urine 

Spectroscopic Detection of Urobilin in the Presence of Fluorescent 
Dyes. — 

Principle. — A urinary chloroform extract free of flavins is treated with 
zinc acetate, alcohol, and acid whereby the spectrum of acid urobilin is produced 
while fluorescein derivatives do not give any absorption in acid solution. 

Method. — The procedure is the same as under I. Five cubic centimeters 
of the final solution are acidified with 3 drops of concentrated HC1, filtered, and 
examined in a suitable layer with a wave length spectroscope! for the absorp- 
tion of acid urobilin at 504 to 478 millimicrons. 


*See footnote* on p. 1503. 

fThe grating spectroscope of Schmidt and Haenscli, Berlin, was used. 
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Comment . — In the presence of much urobilin the usual Schlesinger filtrate 
may he used, but the absorption band is not so sharply defined. The spectro- 
scopic test is far less sensitive than the fluorescence test. 

Spectroscopic Detection of Fluorescent Dyes in the Presence of 
Urobilin. — 

Principle . — The urine is extracted with amyl alcohol, diluted with 95 per 
cent alcohol, and rendered alkaline. The comparatively weak absorption band 
of urobilin does not interfere as a rule. 

Method . — Ten cubic centimeters of urine (or a larger volume) acidified with 
4 drops of concentrated HC1 are shaken with 5 cubic centimeter of amyl alcohol 
and centrifuged. The amyl alcohol is drawn off, mixed with an equal volume 
of 95 per cent alcohol and 3 drops of concentrated NH.,OH; and diluted with 
more alcohol if necessary. The solution is examined with the spectroscope for 
the absorption bands given in Table I. 


Table i. Scheme fob Preliminary Identification of Fluorescent Dyes in Urine 


COMPOUNDS 

URINE OF YELLOWISH 

color; strong yellow- 
green FLUORESCENCE IN 
UV LIGHT 

URINE OF PINKISH COLOR; 
DULL MAUVE FLUORES- 
CENCE IN UV LIGHT 

REMARKS 

Riboflavin 

Not extractable with ether 




or chloroform; spectro- 
scopic : darkening of 
right side of spectrum 
up to about 500 m/t 
Acriflavine Purple color reaction with 
NaNCL and acid; spec- 
troscopic : similar to 
liboflavin 

Fluorescein Conversion to eosin with 
bromine and acid; .spec- 
troscopic: 512 - 491 mn 


Eosin 


Mcrcuro- 

chrome 

Erythrosin 


Adsorption on cotton; Filtering acidified urine 
spectroscopic: 537- through cotton in 

521 m/i Gooch crucible 

Test for mercury; spec- Gettler’s teste in urine, 
troscopic: 534-511 mu concentrated if neces- 

sary.? 

Weak fluorescence; spec- Identification by absorp- 
troscopie: 528-502 tion curve or biologic 

ni(i test.s 


Comment . — The method of Discom.be 5 may be used but it requires larger 
amounts of urine. Urobilin up to concentrations of 200 mg. per cent in terms 
of urobilinogen did not interfere when the dye concentrations were 1 mg. per 
cent. As noted from Table I, the absorption bands of eosin, mercurochrome 
and erythrosin are very similar and it is doubtful whether spectroscopy alone' 
will be sufficiently accurate for their differentiation. 


discussion 


The excretion of riboflavin after vitamin B medication depends on the 
dose ot 1 'hollas m, which may vary from 5 to 50 mg. per dav 11 on urimrv 
conccnt ratum, and on the excretory capacity of the kidneys. The fluorescence 
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in concentrated specimens may be noticed easily under ordinary lighting con- 
ditions or may be so weak that it can be seen only when the iiltercd urine is 
examined with strong side light. But even weak concentrations are revealed 
instantly in filtered ultraviolet light by the brilliant yellow-green fluorescence 
which is superimposed on the gray-white fluorescence o£ normal urine. 13 Since 
treatment with vitamin B complex is advocated also in psychoses, 19 fluorescent 
urines are frequently found in patients in mental institutions. 

There are only three reports on urinary fluorescence due to compounds other 
than riboflavin. Goldschmidt 1 * found fluorescence caused by acriilavine (trypa- 
llavin) which is listed in The Dispensatory of the United States of America - 3 
and Gutman’s Modern Dray Encyclopedia and Therapeutic Inde.c J as an ex- 
ternal and internal disinfectant and, at one time, was used as a gall bladder 
antiseptic. Selmmm 13 observed a fluorescent urine due to eosin, the source of 
which could not be determined. Diseombc 3 found fluorescein in urine after 
ingestion of a proprietary drug. As fluorescein is used increasingly as a diag- 
nostic aid, for example for the determination of the circulation time, 14 for the 
examination of the adequacy of peripheral blood vessels, 12 and for visualizing 
gastric ulcers during gastroscopy, 11 one may expect to find fluorescein in urine 
more often. 

The author noted several cases of urinary fluorescence due to acriilavine 
following medication, two cases due to mereurochrome subsequent to bladder 
irrigation, and three cases due to fluorescein of undetermined origin. Recently, 
an eosinlike dye was found in urine following the swallowing of a lipstick by 
a mental patient. According to information received from the Food and Drug 
Administration* this dye most probably was rhodamine B, commonly used for 
coloring lipsticks. Another fluorescent urine on extraction yielded a dye which 
showed some characteristics of erythrosin but could not be identified definitely 
due to insufficient material. Erythrosin, the only red coal tar dye permitted 
for coloring food, is presumably ingested frequently but, due to its weak 
fluorescence and the small quantities excreted, has probably' escaped notice. 

The scant reports in the literature do not necessarily' indicate that urinary 
fluorescence is not being encountered from time to time by laboratory workers 
and, if present in Schlesinger filtrates, it may be wrongly interpreted as uro- 
bilinuria. For such occasions it was thought helpful to refer to Table I which 
presents a simple scheme for the preliminary' identification of fluorescent dyes 
which may' occur in urine. 


SUMMARY 


1. A modified Schlesinger test has been described allowing the separation 
of urobilin from riboflavin whose green fluorescence in urine following vitamin 
B medication interferes with that of the urobilin-zinc compound. 

2. Modifications of Schlesinger ’s test in the presence of fluorescent dyes 
occasionally present in urine, such as acriflavine and fluorescein and derivatives, 
have been described. 

3. Tests for identification of fluorescent dyes in urine have been given. 


•T wish to express my thanks to G. Robert Clark, Acting Chief, CosmeUo Division, Pood 
Tirn rr Administration , for his helpful information. 
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51 - CONTINUOUS OBSERVATIONS OF TIIE ARTERIAL OXYGEN 
SATURATION AT REST AND DURING EXERCISE IN- 
CONGENITAL HEART DISEASE 

Geokge E. Montgomery, Jr., M.D. (By Invitation), Earl II. Wood, M.D. (By 
Invitation), Howard B. Burch ell, Thomas J. Dry, M.D., Robert 

L. Parker, M.L). (By Invitation), and II. Frederic IIklmiiolz, Jr., 
^M.D.. Rochester, Minn. 

i, «f arterial samples from twenty resting persons with congenital 

leai disease has been used as a reference point for continuous measurements 
> ie arterial oxygen saturation with the Milliken compensated circuit oxim- 
ei c urmg exercise and other procedures. Nineteen normal volunteers were 
studied as controls. Observations have been made while the individuals 
nno 1Cf ox y"en, with and without positive pressure u]) to four inches 

cm.) oi water while they stood upright, and while they walked on a. 
power-driven treadmill at 1.7 miles per hour. 

Binomial persons at rest, oximeter readings indicated that the arterial 
saturation was increased by from 1 to 5 percentage points (mean, 2.7) in an 
lUetage time of 1.3 minutes when pure oxygen was breathed. Addition of 
positive pressure to the oxygen supply caused no further change in the oxim- 
eter reading. ° 

In resting patients, with cyanotic types of congenital heart disease the 
ai mial oxygen saturation averaged 71 per cent, ranging from 45 to 91 per 
cent saturation. Oximeter readings were increased from 2.0 to 16.5 percent- 
age points (mean, 6—) in an average time of 3.0 minutes when these patients 
breathed pure oxygen. When the oxygen was given with positive pressure, 
oximeter readings increased, on the average, an additional l.G percentage 
points. 

Ihe normal group showed no significant change in their arterial oxygen 
saturation when they assumed the upright position or when they exercised by 
walking on a horizontal treadmill at 1.7 miles per hour for five minutes. The 
oximeter readings of persons with cyanotic types of congenital cardiac de- 
fects decreased, on the average, 2.4 percentage points when they stood upright, 
and decreases ranging from 3.5 to 19.0 percentage points (mean, 10.9) occurred 
when they walked on the treadmill at 1.7 miles per hour for an average time 
of 3.5 minutes. 

Simultaneous arterial samples and oximeter readings obtained both at rest 
and during exercise in a smaller series of patients indicated that the saturation 

150S 
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changes recorded by the oximeter were Jess than Mhe t Vimeter in 

van llyke analysis of the d ^‘ ee of 

these tests has proved a valuabl 3 d fte , sur gical corrective pro- 

dysfunction in such patients both before and 

eedures have been attempted. 

52. A TWELVE-YEAR STUDY OF A BEOUPOP imPBB 

TENSIVE PATIENTS PRE- AND ■ P OLOOT 
reference to renal pathology 

M. H. Barker, M.D., H. A. Lbubrro , M.D., « N. V. Trrorr, M.D. 

(By Invitation), Chicago, 111. 

In the past twelve years hospital. 

StS « W or XZ 

tests with the anatomic changes found m renal biopsies l si , 

(four). p rvatients for consideration of surgical 

Selection of a particular gjoup c > P ® ^ surgic al treatment of hyper- 
therapy was made m the hope that e e , y , These patients were 

tension might be completely and prop dg j te ‘ vigorous, nonsurgical 

those whose course was rapidly pi g . . ^ vas considered to be good; 

therapy. The immediate prognosis in all instances v as eons 

the ultimate prognosis, however, was a ways p • > tvr)es 0 f sym . 

The same surgeon (Dr. Loyal Davis) per tom* l ^eial types sym 

patheetomy, adding thereby to tests for vasomotor lability were 

. during l h \ P ®ui°f n °the h select?on of cases suitable for sympathectomy. The 
introduced as an aid m the selection d ure (2 ) sodium amytal 

foMowing testawere :( \ 5 \ mAo „ dioxide 

test, (o) cold pi essor test, ( \ t ylammon i um chloride, and (7) a new test, 
sensitivity, (6) rei act on afteP sympathectomy and some were 

the vertavis test. Most l ® pe "® pations in eases where a thoracolumbar 
observed m the interval be ween «P eiatlonb h been compa red with the 
sympathectomy was performed The t date. During the period of 

anatomic changes found and the enm a of corre l at ion with refer- 

^rs Smie M tSe patient reported on here have been 
uiee to inese u\o + we lve vears after sympathectomy. Proper ease 

selection fo°” the suredcal treatment of hypertension, eve feel , is still most diffi- 
cX if not impossible. at this time. It is one impression that patients not 
responding to thiocyanate therapy are unsuitable foi sympathectomy. 

53 TUP FFFECTS OF A DIET OF RICE AND FRUIT JUICES UPON THE 
BLOOD PRESSURE OF IIYPERSENSITIY E INDIVIDUALS* 

IIknky A. Schroedeu, M.D., Palmer H. 1 etcher, M.D., and 
Mki.vin L. Goldman, M.D., St. Louis, Mo. 

(Introduced iiv Edward II. Rein hard, M.D., St. Louis, Mo.) 

Attempts were made to evaluate the use of a diet composed of rice, fruit 
juices, and vitamin supplements in the treatment of arterial hypertension, 
sinee others have reported beneficial effects from this and other low salt diets. 


•Tlila study was supported liy a grant-ln-ald from the United States Public Health Service. 
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Six patients, five of -whom showed essentially normal renal function, were 
studied extensively, control periods of approximately one month in the hos- 
pital being observed. These patients suffered from arterial hypertension in 
varying degrees of severity, two being in the malignant stage and two in 
severe and two in moderately severe stages. Patients were placed on the diet 
for three to five weeks. 

In four patients the average diastolic blood pressure changed less than 10 
mm. Ilg. In the other two it fell 11 and 13 mm. Ilg -while on the diet but did 
not return to the control level when a normal diet was substituted. 

An attempt was made to determine whether the limitation of salt intake 
imposed by the special diet played a part in the observed effects upon blond 
nressure. Serum chloride levels fell in all cases, but the serum sodium concen- 
tration did not. Addition of sodium chloride to the diet produced no con- 
sistent effects upon blood pressure. Weight was lost by four patients. 

It is concluded that the effects of the rice and fruit juice diet upon blood 
pressure were minimal and inconsequential. Effects which were observed could 
not he correlated with changes in the salt content of the diet. 

54. FURTHER STUDIES WITII TIIE HISTAMINE TEST FOR 
PIIEOCIIROMOCYTOMA 

Grace M. Roth, Pii.D., and Walter F. Kvale, M.D., Rochester, JIinn. 

Previously we reported on the intravenous injection of small amounts of 
histamine base as a test for distinguishing the syndrome of pheochromocytoma 
from other clinical conditions. At that time, the injection of 0.05 or 0.025 mg. 
of histamine base produced the clinical syndrome, including hypertension and 
the characteristic symptoms, in three patients known to have pheochromocy- 
toma. After surgical removal of the tumor, the injection of the same amount 
of histamine produced no paroxysm of hypertension or symptoms. As a result, 
we tentatively suggested this method as a test for the clinical syndrome of 
pheochromocytoma. 

We now wish to present two additional eases of pheochromocytoma. In 
one of these, paroxysmal hypertension was present and the result of the his- 
tamine test was positive. The test was of proved value in arrival at the diag- 
nosis. In the second patient, persistent hypertension with edema of the optic 
discs was present. The result of the histamine test in this case was regarded 
as negative because the increase in blood pressure after the injection of his- 
tamine did not exceed the increase in blood pressure during the cold pressor 
test. The failure to secure a positive result in this case of persistent hyperten- 
sion may possibly be explained on the basis that the tumor contained only a 
relatively small amount of epinephrine (62 mg.) and that it was probably 
incapable of secreting sudden explosive charges of epinephrine becattse it was 
secreting epinephrine continuously. 

A total of four cases, however, can now be reported in which the injection 
of histamine into patients with pheochromocytoma will produce an "attack” 
exactly similar to that of which they complain, in which marked elevation of 
the blood pressure occurs. 

Tetraethylammoniurn chloride failed to produce a paroxysm of hyper- 
tension on two occasions in the patient known to have a pheochromocytoma. 

The histamine test has been carried out on 200 patients with hypertension 
and fifty other patients with other clinical conditions. No untoward effects 
have been experienced by any of these patients. This would seem to indicate 
that the test is not hazardous. 
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55. DIRECT MEASUREMENT OF BLOOD PRESSURE IN THE RADIAL 
AND FEMORAL ARTERIES DURING AND AFTER TILTING 

Robert S. Green, M.D. (By Invitation), Arnold Iglauer, M.D., and 
Johnson McGuire, M.D., Cincinnati, Ohio 

Direct tracings of radial and femoral artery pressure were obtained by a 
Statham Strain Gauge during and after tilting at a moderate rate between 
the 20 degree erect and 45 degree head-down position. The recordings from 
the radial artery were made with the arm maintained in a horizontal plane 
throughout the tilt. 

Blood pressure in the radial artery invariably rose during the tilt from 
the head-up to the head-down position. In normal subjects, this increase of 
blood pressure (average, 19 mm. systolic/14 mm. diastolic) was followed by a 
fall, the blood pressure returning within eight to eighteen seconds to approxi- 
mately the level of the head-up position. During the return tilt to the head-up 
position, the blood pressure always fell. In normal subjects, the pressure de- 
creased (average, 14 mm. systolic/13 mm. diastolic) to a level less than in the 
initial erect position and returned within eight to eighteen seconds to approxi- 
mately the initial level in the erect position. 

The blood pressure in the femoral artery fell during the tilt from the 
head-up to the head-down position, and in the normal subjects then fell fur- 
ther, reaching a stabilized level in eight to eighteen seconds. During the 
return to the head-up position, the femoral blood pressure always increased, 
and in normal subjects this increase was followed by a further rise, the blood 
pressure reaching the range of the starting level in eight to eighteen seconds. 

The increase in radial artery pressure and the decrease in femoral artery 
pressure during the tilt from the erect to the head-down position and the op- 
posite changes during the return tilt indicated that these alterations are sec- 
ondary to gravity. Since these primary changes were followed in both arteries 
by a fall of blood pressure in the head-down position and by an elevation of 
blood pressure in the erect position, it is believed that these secondary re- 
sponses were neurogenic. The changes in the radial artery are interpreted as 
a reflection of the changes in the large arteries arising from the aortic arch, 
since the arm was maintained at the level of the arch throughout the tilt. The 
neurogenic responses tended to maintain the blood pressure at a stable level 
at the region of the aortic arch. This suggests that the purpose of these reflex 
adjustments of blood pressure is to protect the brain and perhaps the heart 
from adverse pressure changes. 


56. CLINICAL AND EXPERIMENTAL STUDIES ON THE EFFECTS OF 
DLUTHERMY ON BLOOD IEOW 

Khalil G. Wakdi, M.D., Ph.D., J. F. Herrick, Ph.D. (By Invitation), and 
Jerome Gersten, M.D. (By Invitation), Rochester, Minn. 

In normal individuals as well as in patients (none of whom had any im- 
pairment in circulation), the blood flow in the upper and lower extremities was 
studied by the use of the plethysmograph with a compensating spirometer 
recorder before and for thirty to thirty-five minutes after application of dia- 
Ihcymy for half an hour. Within five to fifteen minutes after diathermy, in seven 
of the twenty-hve patients, the blood flow in the treated extremity increased 
11101 0 t . h ‘ n ce nt. The increase in blood flow in the twentv-fivp -mtimwc 

ranged iron, 39 I to 26S pet cent, with at, average mcreasc o£ -”l pS cent ft 
the aatnc time the untreated extremities shoved an average increase of 5 p)r 
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cent, but in nine of the twenty-five patients the untreated extremity showed 
an initial decrease in blood How. At the end of thirty minutes after stopping 
the diathermy treatment, the blood flow in the treated extremities still showed 
an average increase of 5(5 per cent over the control value. There was no sig- 
nificant difference between the results obtained on patients and on normal 
individuals. 

In dogs anesthetized with pentobarbital sodium, the blood How was studied, 
by means of a bubble flowmeter in the femoral artery or vein, before, during, and 
after application of diathermy to the thigh for a period of twenty minutes. Dur- 
ing the application of diathermy the significant increases over the control 
blood How ranged from 16 to 20!) per cent, with an average increase of 6!) per 
cent. In four of the seventeen experiments slight decreases of 24 per cent, IS 
per cent, 5 per cent, and 5 per cent, respectively, from the control blood flow 
occurred. After treatment with diathermy was stopped, the significant increases 
in blood How ranged from 16 to 142 per cent, with an average increase of 64 
per cent. In two of the seventeen experiments there was a slight decrease in 
blood How after treatment with diathermy was stopped; namely, 15 and 10 
per cent, respectively. In one experiment blood How did not change after 
cessation of diathermy. Subcutaneous and muscle temperatures were taken 
in the dog by means of needle thermocouples and were recorded galvano- 
metrically. The increase in muscle temperature at the end of the - application 
of diathermy ranged from 0.9 to 9° C., with an average increase of 4.0° C. 

57. A QUANTITATIVE llYPOTIIEKMAL METHOD FOR PRODUCTION 
OF LOCAL INJURY TO TISSUE 

Oeorge M. IIass, M.D., and C. B. Taylor, M.D. (By Invitation) Chicago, III. 

Local necrosis of tissue can be produced rapidly and quantitatively by use 
of an instrument cooled to a low temperature by internal expansion of carbon 
dioxide or flow of eokl liquids. The cooling element of the instrument is Hat 
and circular, so that when it is applied to the surface of an organ or tissue, 
cylindrical lesions are produced. The diameters of the lesions can be varied 
from 2 to 25 mm. by using cooling elements of comparable diameters. The 
depths of lesions can be varied from 1 to 13 mm. by varying the time of con- 
tact of the cooling element with the tissue. Volumes of injured tissue can he 
accurately determined by measurement. Lesions of identical size and location 
may be reproduced in successive experiments. Lesions have been produced in 
cartilage, bone, skin, skeletal muscle, vascular walls, heart, liver, kidneys, and 
brain of rabbits. Necrosis is uniform throughout the lesions and there is a sharp 
line of demarcation between nonviable and normal tissue at Ihe periphery. Sup- 
puration does not occur and hemorrhage is never found except around blood ves- 
sels in lesions of the brain. Organs and tissues can he progressively and selec- 
tively destroyed in a manner which is not possible by other methods such as 
cauterization, vascular ligation, or surgical excision. 



Wtt>CKr.DlNV*S or TSVKNTn.TIl ANNUM- MU.UXfi 

ANKtUVSM.S oi'' (X)HONAHVAOTBUU« 

VBTFRITIS NODOSA Ol’CURIHNO IN AN INI AN1 . 

CASK WITH CORONARY AltTKUV TIIUOMBOSIS A- -> 

M VnC AKl ) I A l j IN FA R< JT ION 

0. M. 1'K'K.vm.. 11.1)., J. 1-1. Owr.s, H.D., 0. .1. D.U.M1N, ll-O- «*• Lou,s - Mo ' 
(ISTHOUCCKl) HY w. V, WOOD, 'lit., M.D.) 

Since polyarteritis nodosa ocevujs . jjYerv Vliroin, K^sis and' S vidS^nfare- 
o i the coronary arteries with eoio»ai\ <ni . . ' involvin'' a 15-month- 

tion represent a rave complication. the tollowmg inst.mee mvolun„ 

old infant is reported. .. . » i 

The patient, n tvhile female infant, Imd been well tnthlfct^ei^l.l cal, at 

which time because of rash and fever ot thiee a>.s appeared acutely 

admitted to the Children's Hospital. St. Fours ; IJ e 1 ” a f l ]d ‘ E* f £,.J X 
but not critically ill. The temperature was J9° ; 1 n 

which was believed to represent an were edematous, 

conjunctivitis and pharyngitis, lbe t.wnpun .. . riwtinent The 

The remainder of the physical exam mat ion revealed 
blood showed a leucocyte count of 16.000 ruth noinia 


to fade on the fourth hospital dayktthei. = ^d^Sthe^slo^ 
temperature remained between 3S and 4U c. umi i : t pnt u Wpital 

subsided. The patient was discharged as improved on the .seumteenth hospi 

dov 

' Three months lator, on Sfcpt. 16. 1946, the PJttalt WM 
of dyspnea, orthopnea, anorexia, and fatigue on s ■ © i • j respiratory 

duration. She appeared acutely and chronically ill. fand 

rates were rapid and the heart sounds of poor final i >• J; ald,a ^ ° Nation 

pulmonarv congestion were demonstrated h> uo J.°' e -; moderate lvmnho 
revealed a leucocyte count of 10,400 per cubic niillmiete , , a model |te ^mpho- 
cytosis, and hemoglobin of 10 G 111 . per cent. Several horns aftei admission the 
infant suddenly became rigid, made some 

breathe. Emergency therapy revived the patient onh tempoxanlj and she ex- 
pired five hours after admission. ,. 

At autopsy the heart presented the most significant and interesting findings. 
It weighed 80 groms (nornal, 50 grams). The left coronar y art had a normal 
ostium but the lumen was narrowed to pm-pomt size at the bifurcation. The 
anterior descending branch of the left coronary artery presented ^ fusiform 
enlargement which began 3 mm. from its origin and extended for a distance of 
15 millimeters. It measured 10 mm. m its greatest diametei. An adherent 
thrombus measuring 30 mm. and completely occluding the lumen was found m 
this branch of the left coronary artery. A portion ot the thrombus occluded the 
circumflex branch at its origin. For most of its course the circumflex bianch 
had a Sfiekened wall and narrowed lumen. Fifteen millimeters from its origin 
the ri"ht coronary arterv presented an aneuiysmal dilatation measuring IS mm, 
in length and 6 mm. in diameter. The wall of the artery was thickened for the 
initial 35 mm. of its course. 

The left ventricle was dilated and the wall thickened (8 mm.) at the base 
but thin (3 mm.) at the apex. There were evidences of recent and remote in- 
farction in the anterior portion of the interventricular septum and the anterior 
and apical portions of the left ventricle. The right ventricular wall was hyper- 
trophied (6 ram.), Microscopically vascular changes representing healing and 
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healed polyarteritis nodosa were observed. Diffuse fibrosis and numerous areas 
of fresh infarction were found in sections of the anterior and apical portions of 
the myocardium of the left ventricle and the anterior portion of the septum. 

59. ORAL MERCURIAL DIURETICS IN AMBULATORY PATIENTS 
WITH CONGESTIVE HEART FAILURE 

Sanford R. Courtek, M.D., and John S. Pearson, M.D., Cincinnati, Ohio 
(Introduced by Johnson McGuire, M.D.) 

Previous reports of the use of oral mercurial diuretics in the treatment of 
the decompensated cardiac patient have stressed their use during hospitaliza- 
tion. We are presenting a preliminary report of the use of orally administered 
mercurial diuretics upon ambulatory patients seen in the Cardiac Clinic of the 
Out-Patient Dispensary at the Cincinnati General Hospital. 

Fifty-six patients with cardiac edema have been treated from three to six 
months with orally administered mercurial diuretics, using Mercuzanthin.® All 
patients had previously received mercurials parenterally. The type of heart 
disease in twenty-six was hypertension; in fourteen, rheumatic; in eight, arterio- 
sclerotic; in seven syphilitic; and in one, congenital. 

The dosage schedule has varied, but a majority of patients now under 
treatment are taking two or three tablets daily. A minority take three tablets 
two or three times weekly. 

To determine the adequacy of renal function, measurement of the blood 
urea nitrogen and a complete urinalysis were performed on each patient prior 
to initiation of therapy. Repeat blood urea nitrogen determinations were per- 
formed monthly, and urinalysis was done bimonthly. 

Clinical improvement was gauged objectively by weight loss, decrease of 
edema and rales, increase in vital capacity, decrease in venous pressure; and 
subjectively by decrease in effort dyspnea, orthopnea, and paroxysmal nocturnal 
dyspnea. 

Of the fifty-six patients treated, forty are currently receiving therapy. 
Thirty-five are considered improved and five unimproved. In nine patients the 
treatment has been discontinued for various reasons ; these include four instances 
of painful stomatitis and two of diarrhea. Seven patients have died during the 
course of therapy; however, a review of the clinical records and autopsy proto- 
cols does not suggest that death was the result of mercurial toxicity. No renal 
complications have been observed. Stomatitis lias appeared in eight patients, 
sufficiently severe to require discontinuance of therapy in four. Abdominal 
symptoms consisting of nausea, vomiting, abdominal cramps, and diarrhea have 
appeared in eight patients ; treatment was stopped in three. Therapy was later 
restarted and continued successfully in one of these. 

Our conclusion is that oral mercurial diuretics frequently can effectively 
replace parenteral mercurials in the ambulatory patient and that such replace- 
ment has materially reduced the daily patient load in this Cardiac Clinic. 


•Mercuzanthin (Distributed by Campbell Products, Inc., New York. N. Y. Each tablet is 
equivalent to 0.030 Gm, mercury and 0.027 Gra. anhydrous theophylline). 
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GO. PHYSIOLOGIC A1WUSTMKNTS TO SODBBN CHANC 

ENVIRONMENTAL TEMPERATURE AND Ml 

YOUNG SUBJECTS AND GAUD I AC lAlILNlb 

Nathan,,-.,. Guckman, M (By isvir-mox), Itoraurr AV 
Ton.™ iNouv:, A.B. (By Inv.t.«,ox), Vox, K. Hick, M, Sukley 
E. Bun, M- (By Invitation ), Ibwis K. Callen, , . ■ 

(By Invitation), and Charles A. Gianasi, M.D. 

(By Invitation), Chicago, III. 

Physiologic adjustments of healthy 

SS “tSXr'ouc S t a" omWtahle euviromttet.t (T6« Mt rfa- 
live humidities of 30, GO, or SO per rent) and then entered ho J Then 

ment of (9S.5° and G6 per cent relative lmmiditj ) foi one oi 

they re-entered the comfortable room and rcmamec comfortable environ- 

Wlicn subjects entered a hot moist environmei .from a 1 

meat, their mean skin temperature ^quickly tu d pp — ^ with the first 

value in less than ten minutes. I he iccla ten P d syst olic pressure 

ten minutes and then slowly increased. I lie pulse iaie anu y 
increased slightly while the diastolic pressure decreased si 0 htly. 

When they entered an environment conditioned i^ m ra ^y 

moist environment, the mean skin ""(SO^pei^ceirt) ^The rectal temperature 
when the relative humidity was high (&u pei cent;. , T , y od 

increased within the first ten minutes and then y .. ‘ were occa . 

pressure showed no significant variation, although o , less w ] ien the 

sionally observed. The pulse rate decreased bu subieetive sensa- 

relative humidity was high (30 per cent) In addition s f 
tion of comfort was obtained earlier and the evaporative jaghtlos s per gram 
of moisture present on the skin and in the union suit was less when the relative 

‘"p&S cardiovascular impairment (avtcrigermtic heart-d isease, 
angina pectoris following coronary infarction, hypertensive heart disease rheu- 
matic heart) are now being studied under comparable e neper men* * cantons. 
In addition to the observations mentioned ;^ e ™^{ as teri Jwo-step tests’ were 
adS"e Sr££ impairment. . Preliminary data on these 
impaired older patients reveal that their thermal adjustments are ‘ 
with equal ease and no clinically significant greater strain on the cardiovascu 
system occurs than that shown by the healthy young medical students. 

61. A C AR DIAC FACTOR WHICH INCREASES CORONARY FLOW 
UNDER SYMPATHETIC STIMULATION 

R. W. Eckstein* (By Invitation), M. W. Stroud (By Invitation), 

W. H. Pritchard and C. Y. Dowling! (By Invitation), Cleveland, Ohio 

Stimulation of the stellate ganglion and cardiac nerves was shown by Gregg 
and Shipley to increase coronary blood flow. The exact mechanism of this 
change remains unknown. . 

In a further study of this problem in the anesthetized open-chest dog, blood 
flow in the left anterior descending or left circumflex coronary arteries was 


•Rees Fellow in Medicine. 

|Llfe Insurance Medical Research Fellow. 
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measured by a recording rotameter and a phasic How meter either under the 
normal pulsatile aortic pressure or under a constant perfusion pressure. Flow 
measurements Mere made before, during, and after stimulation of the left cardiac 
accelerator nerves botli before and after section from the stellate ganglion. 

'When both mean and phasic Homs Merc recorded simultaneously, mean How 
often increased before the phasic (low meter revealed any change in the resistance 
to flon- as indicated by a constant rate of diastolic 11om\ Inspection of aortic 
and intraventricular pressure curves showed a marked shortening of cardiac con- 
traction, as described by Wiggers and Katz, following cardiac nerve stimulation 
and during the action of adrenalin. In addition to the systolic shortening, our 
records show a marked increase in the rate of diastolic relaxation. 

Actual tloM’ measurements and calculations of increases in absolute lengths 
of diastole during minute intervals (from intraventricular curves) show that 
these alterations in systolic and diastolic time ratios account for from 10 to 
30 per cent increases in flow, in addition to further increases due to decreased 
resistance to flow. Tn this manner, the heart, by its increased velocity of con- 
traction and relaxation, reduces the time of intramyocardial vascular compres- 
sion during systole, thus substituting longer periods of the high diastolic How 
for long periods of low systolic Hom’ despite moderate increases in heart rate. 
Since the highest rate of coronary blood flow occurs in diastole, it follou’s that 
any lengthening of the total diastolic time in a given minute must increase 
mean blood flow. 

These studies are being continued in an effort to evaluate other mechanical 
factors responsible for increasing coronary flow after nerve stimulation such as 
changing heart size, intramyocardial tension, and increased vascular emptying 
resulting from the augmented vigor of contraction. 

62. THE VENTRICULAR GRADIENT IN II Y PERTH YEOI D 

CONDITIONS 

Robert B. F.uley, Jil, M.D., and Albert L. Hyman, M.D., Cincinnati, Ohio 
(Introduced by Johnson McGuire. M.D.) 

In a study of the effect of hyperthyroidism and of thyroid substance on the 
heart, the electrocardiograms of a group of eases M’erc analyzed by study of 
their ventricular gradients. These cases mm re of two groups, the first composed 
of fourteen patients with hyperthyroidism and the second of eleven normal sub- 
jects to M’hom 6 grains of thyroid substance M’erc administered daily. AH pa- 
tients studied M’ere free of complicating diseases and all had electrocardiograms 
that M’ere normal except for a feM r instances where transient abnormalities of 
cardiac rhythm M’ere noted. 

In the group M’ith hyperthyroidism all of the fourteen patients showed an 
increase in the magnitude of their ventricular gradient as compared M’ith con- 
trol electrocardiograms taken after remission of the disease induced by surgery 
or by thiouracil. This increase averaged 39 per cent, M’ith a range from 4 to 
100 per cent. In addition, seven of this group showed a significant clockwise 
shift in the direction of the ventricular gradient averaging 26 degrees, M’ith a 
range of plus 16 to plus 4S degrees. The other seven in this group shoM’ed no 
significant shift in the direction of the gradient. 

In the group receiving thyroid extract, all of the eleven subjects shou’ed an 
increase in magnitude of the ventricular gradient. This magnitude averaged 30 
per cent, with a range from 7 to 73 per cent. None of these subjects showed any 
significant shift in direction of the gradient. 
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In both groups increase in heart rate was a eommon occurrence, and values 
obtained for magnitude and direct ton of ventricular gradients were corrected for 
changes in heart rate. 

It is suggested that the increased magnitude of the ventricular gradient is a 
reflection of tin; increased work of the heart. It is also suggested that the shift 
indirection of the gradient in the hyperthyroid group may indicate myocardial 
strain since this finding has been previously noted in eases of hypertension and 
of acute glomerular ncphiitis. 


63. THE PREUORDIAL E i i K( 'TR< )( ' A R D I< )( 1 RAM IX LEFT VENTRICU- 
LAR HYPERTROPHY: A STUDY OF AUTO PS I ED CASES 


Paul II. Noth. II. D., Conoox 13. Mykus, M.D., axd IIowaicd A. Klkix, M.D. 

(By Ixvrr.vTiox), Detkoit, Micii. 

An analysis has been made of the Wilson precordial leads in eighty-four 
pathologically proved cases of left ventricular hypertrophy without associated 
myocardial infarction or appreciable gross fibrosis. This comprises all eases 
occurring within a five-year period in which satisfactory electrocardiograms 
were obtained within three months of death except for thirty-seven eases of 
bundle branch block. 

By means of a Cambridge device, measurements of the time elapsing from 
the onset of QRS to the nadir of Q, to peak of R, to nadir of S, and to end of 
QRS were made in three complexes of Leads V.-,. o The average amplitude of the 
individual components of the QRS, the contour and level of the RST segment, 
and the amplitude and direction of the T waves were determined in each pre- 
cordial lead. Similar measurements were made in a control series of fifty-two 
eases in which the hearts were normal at autopsy, and in a second group of 
fifty young male adults with normal hearts by physical and roentgen exami- 
nation. 

Differentiation between pattern of left ventricular hypertrophy and of 
normals could not be made from the amplitude of the R waves in Y s and V G 
alone since the average values were only slightly higher in the former. 

In 98.0 per cent of normals the time interval from the onset of QRS to 
peak of R was less than .05 second. In 93.1 per cent of normals the time inter- 
val from onset of the R wave to its peak was less than .04 second. For pur- 
poses of classification, measurements equalling or exceeding these figures were 
regarded as abnormal. A Q-R of .048-. 049 and/or an R of .038-.039 second 
were regarded as borderline and values below this, as normal. Of the eighty- 
four patients with left ventricular hypertrophy, thirty-four (or 40.5 per cent) 
showed an abnormal Q-R and/or R duration. The average cardiac weight in 
this group was 610 grams. Eight (or 9.5 per cent) showed borderline values 
and the cardiac weight averaged 569 grams. Forty-two cases (or 50 per cent) 
showed normal values, with an average cardiac weight of 536 grams. There 
was a general trend toward increasing duration of Q-R or R with increasing 
cardiac weight, hut many individual exceptions were encountered. 

In eight eases where R or RST-T findings in precordial Leads V 5 and V s 
were borderline or normal, abnormalities referable to left ventricular hyper- 
trophy were found either in V 7 or in the unipolar extremity leads. 

In seven cases the electrocardiogram showed nonspecific abnormalities and 
m four it was regarded as normal. — 
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64. THE FORM OF TILE ELECTROCARDIOGRAM IN ANTEROSEPTAL 
MYOCARDIAL INFARCTION COMPLICATED BY RIGHT AND 
LEFT BUNDLE BRANCH BLOCK 


Francis F. Rosenbaum, M.D., and Herbert AY. Poiile, M.D. (By Invitation) 

Milwaukee, Wis. 

Clinical and experimental studies iiave shown that although the electro- 
cardiographic diagnosis oi‘ anterior infarction can he made in the presence of 
right bundle branch block, the characteristic signs of myocardial infarction 
are obscured by left bundle branch block unless the infarct involves the inter- 
ventricular septum. Observations have been made in two patients in whom 
anteroseptal myocardial infarction was complicated first by transient right 
bundle branch block and then by transient left bundle branch block. This per- 
mitted an unusual opportunity to compare in the same individuals the stand- 
ard and precordial electrocardiograms in normal conduction and both types of 
intraventricular block in the presence of myocardial infarction. 

The first patient was a man aged 50 years, who had a typical acute coro- 
nary thrombosis without antecedent cardiac symptoms. When right bundle 
branch block was present the standard electrocardiograms showed large S 
waves in all leads, while records from the right preeordium displayed promi- 
nent Q waves and large late It deflections. When left branch block was present, 
Lead I showed no negative deflections and the large Q waves and late It peaks 
previously recorded from the right, now appeared over the left preeordium. 
The characteristic signs of infarction were confined to Leads Cltj and CRs 
when normal conduction was present. Partial heart block and complete locali- 
zation of the infarct and the extension into the septum were confirmed at post- 
mortem examination. 

The second patient was a man aged 52 years who had possible mild angina 
pectoris for several months before the acute infarction occurred. Large, late 
R waves were again recorded from the right preeordium when the right bancli 
of the His bundle was blocked and large Q or QS waves appeared in all of the 
precordial leads. When left branch block developed, tracings taken from the 
left preeordium resembled those recorded over the right preeordium during 
the period of right branch block ; prominent waves appeared in Lead I. The 
precordial electrocardiogram during normal conduction suggested that the 
infarct was anteroseptal in location. The clinical course was complicated by 
paroxysmal auricular fibrillation but a satisfactory recovery occurred. 

In anterior myocardial infarction complicated by intraventricular block, 
the ventricular complexes recorded from the precordial area overlying the 
ventricle which is activated late are very similar in form in both right and left 
bundle branch block in those cases in which the myocardial lesion also involves 
the interventricular septum. 


65. ELECTROCARDIOGRAPHIC CHANGES AFTER ELECTRIC 
SHOCK TREATMENTS 

Vernon L. Evans, M.D., Aurora, III. 

In persons with suspected heart disease, hut normal electrocardiograms, 
it has been possible to produce abnormalities in the electrocardiograms by 
partial oxygen deprivation (Levy) or by measured exercise (Masters). The 
cases presented here were patients with definite electrocardiographic abnor- 
malities who were subjected to the extreme anoxemia and violent exercise 
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produced by psychiatric electric sU °^] c 1 ^ a l U c?- 1 v S f or a few min- 
Writer, the electrocardiograms assumed a moic normal 1 

utes after the treatment. ,. p .i ., CO ronary occlusion 

Case 1 was a nun, « years ol showed low to 

four years previously. HcLorc ticatnic j jC ad II. Immediately 

flat T waves in Lead I and slightly inverted i " 1 

after treatment, the inverted T waves became * ' ‘ tens - 10I1 a „d a partial hemi- 
Case 2 was a 59-year-old woman who vertcd ‘ T waves in Leads I and 

plegia. An electrocardiogram showed si 1 > treatment the previously in- 
CP IV and V. Immediately after electric shock ^““^Sjatmeiit they 

verted T waves had become flat to upug \' tlGnt they were more inverted, 
were slightly inverted, two m mutes a cr^tieati ncut ^ they’ ^ ^ as be£ore 

and three minutes after treatment tliej J 

treatment. , i „ co ronary occlusion two 

Case 3 was a 41-year-old man "bo electrocardiogram showed sharply 
months before electric shock treatment. H e m immediately after 

inverted T waves and deep Q waves in , t f a ni n g to 20 per minute, 
treatment there was a partial cardiac ai , complexes became upright 

The T waves remained inverted. Ilowever, the QRS compiexe 

to diphasic. • n hv<?ieal examination was negative 

Case 4 was a 73-year-old woman whos^J Hpr electr ocardiogram before 

and who gave no history of f C i\?T waves in Lead CF IV. Immediately after 
treatment showed inversion of the 1 « remained upright for three mm- 

treatment the T waves became and at the 

utes. then became flat and remained t , d b ad resum ed their pre- 

end of twenty minutes they had become mveited and naci 

treatment configuration. history of cardiac disease. The 

Case 5 was a 40-year-old Lead I and^ flat in Lead CF IV. Imme- 

T waves were found to 'be low to fl w ^ had become upright. They re- 

diately after treatment the T wa resumed their previous flat con- 

mained upright for three minutes ana men 

<lltl0n - , , presented do not warrant any conclusions. 

The small number o ses^p_^ amplitude or re turn to normal of the T 

It may be said that the sponse to exercise, such as one sees m normal 

waves are the physiologic resp response in the Masters test, and the 

athletic exaggeration of this test. 

^“compared with the tests of Masters and Levy, these results seem 
paradoxical. 

fifi tttf FFFECT OF A SINGLE INSPIRATION IN LEAD III AND 
LEADCFIV OF THE HUMAN ELECTROCARDIOGRAM 

G E o KGE l Nonius, M.D. (By Invitation), and Edward Masses, M.D. 

St. Louis. Mo. 


effect on the electrocardiogram of a single deep inspiration during 
TTTT and CF IV was studied in order to (1) ascertain the frequency and 
Leads i-" - rator y changes produced; (2) determine if any correlation exists 
type ot changes and the presence or absence of heart disease; and (3) 

determine the influence of digitalis on these respiratory variations. Two thou- 
sand three hundred seven consecutive tracings were obtained for this study. 
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An initial iiKTea.se in rate followed by slowing of various degrees frequently 
occurred, but in very few instances was if possible to demonstrate changes in 
the aurieuloventrieular conduction with the changes in rate. Digitalis was 
associated with the most striking changes in rhythm including usually a shift 
of the pacemaker from the sinoauricular node toward the aurieuloventrieular 
node, hut the depression of the pacemaker also occurred in the absence of 
digitalis. 

Numerous changes including variations in contour of P waves, QRS com- 
plexes, and T waves in Lead Ilf were almost as frequent in normal as in ab- 
normal records. The QRS complexes usually returned to their original con- 
figuration Very shortly after the T waves assumed their previous form. 

In Lead lit of normal records there was a decided tendency for inspiration 
to result in increasing positivity of all deflections, hut in Lead OF IV there 
was a tendency for inspiration to cause increasing negativity of all deflections. 
In abnormal electrocardiograms, except in those of patients with acute myo- 
cardial infarction or in those of subjects under digitalis therapy, inspiration 
tended to increase the positivity of all deflections in Lead III. In the patients 
who received digitalis, or who had acute myocardial infarction, inspiration 
tended to increase the negativity of the T waves in Lead III with an opposite 
effect on the other deflections. The frequency of T-wave changes in Lead CF 
IV with inspiration detracts from the significance of the T wave in the fourth 
lead iu the interpretation of borderline records. 

Respiratory effects on the electrocardiogram include changes in axis, in 
T waves, and in cardiac mechanism. It has been suggested that the axis changes 
are probably the result of extracardiac factors, that T-wave changes are prob- 
ably the result of intracardiac factors, and that variations in cardiac mechanism 
are the result of nervous reflexes, chiefly vagal. 

G7. AN UNUSUAL VAfiOVAtlAL REFLEX TYPE OF ADAMS-STOKES 

SYNDROME 

Howard L. Forkful, M.D., and M. C. F. Lindkiit, M.O., Milwaukee, Wis. 

(Introduced nv .Maurice IIaudukovk, M.D.) 

A patient with a vagovagal type of reflex Adams-Slokes syndrome asso- 
ciated with an anterior traction diverticulum of the esophagus was studied. 
Spontaneous attacks occurred when cardiospasm caused irritation of the diver- 
ticulum through dilatation of the esophagus, and the vagal reflex sensitivity 
was increased by digitalization. Minor clinical attacks and electrocardiographic 
evidence of cardiac slowing or arrest occurred iu the digitalized patient on dis- 
tention of a balloon inserted in the esophagus to the level of the diverticulum, 
but not above or below that level. Right carotid sinus stimulation caused the 
same phenomenon. Atropine abolished these findings through interruption of 
the vagal reflex. Withdrawal of digitalis resulted in decreased sensitivity of 
the carotid sinus and vagovagal reflex irritability to a point where the clinical 
and electrocardiographic findings were not obtained. Intravenous administra- 
tion of 0.8 mg. of digit oxin caused re-establishment of the carotid sinus and 
vagovagal reflex irritability within four hours. 

This is the second case, known to us, of Adams-Stokes syndrome due to 
vagovagal reflex associated with an esophageal diverticulum and the first in 
which the summation role of digitalis in producing the syndrome has been 
reported. This summation role of digitalis in reflex types of cardioinhibitory 
Adams-Stokes syndrome seems worthy of note. 
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6S. TIIB VARIABILITY OF TUB FASTI NO NOUTDRNAL OASTBIC 
SECRETION IN NORMAL INDIVIDUALS AND IN PATIENTS 
WITH m'ODKNAIi ULUKK 

Erwin Llvi.v, M.l). (Bv Invuuion), J^mi B. Kih-m k, M.D., Ph.D. 

Wvltir L. Pu.mir, M.D., Ph.D., VNI* t ' mcicii: Bi lUif. B.S. 

(By [nut vi ion), Uhicvlo, Ii.m 

The lasting noetuni.il gastric secretion was meastned in thiity-thice noinial 
individuals and in thirty-two patients with active duodenal ulcer. 1 lie average 
twelve-hour volume, concentration of hydrochloric acid, and total output or 
acid weie significantly higher in patients with duodenal ulcer than in normal 
individuals. In the noinial gioup. the volume averaged aSl ml ; tin* tree aeiditj, 
2D clinical units; and the total output of acid, 661 milligrams. In the duodenal 
ulcer scries, the volume averaged 1,004 ml.; the tree acidity, hi clinical units, 
and the total output of acid. 2,242 milligrams. Similarly, the average houilv 
seen et ion was peisistcntlv higher in patients with duodenal ulcer than in noinial 
individuals. Wide individual vaiiations were observed in both groups. 

In addition, considerable spontaneous fluctuation in the hourly and total 
night secretion was noted in the same individual. Thus, in t lie normal subjects, 
the average percentage variations in the volume, tree acidity, and total output 
in the same individual were 24. 44, and 47 per cent, respectively. In patients 
with duodenal ulcer the average spontaneous variation was: volume, If per 
cent; free aciditv, 24 per cent; and total hydrochloric acid output. 23 per cent. 
The volumes in ’both groups weie significantly higher during the first six hours 
of the night as compared with tiie last six horns. There was no important dif- 
ference in the average concentration of free hvdiochlorie acid during the various 
periods of the night in the normal subjects, whereas in the duodenal ulcer series, 
the output of acid was significantly lower during the last three hours of the 
night than at any other time. 

These variations occurring spontaneously in the same individuals must be 
taken into account in the proper- evaluation of procedures utilized for the pur- 
pose of reducing gastric secretion 

69. ATROPHIC GASTRITIS AND MALNUTRITION 
LroxiDAS H. Berry, HD, Chic too, III. 

Most ot the conceptions and investigations into the causes of gastritis in 
the past have been concerned with extrinsic factors and local irritation. It is 
probably true that next to the skin the organ which is subjected to the most 
rigid abuse from man’s external environment is the stomach Today investi- 
gators show a definite tiend ot inteiest in the role ot intrinsic factors in gastric 
disease. Psychosomatic tactois are being emphasized. 

Our studies ot patients w ith chronic atrophic gastritis show the etiologic im- 
portance of malnutrition and indicate that most of the chronic atrophic gastritis 
coming under our observation is probably primary rather than inflammatory. 
Malnutrition not due to disease, most commonly but not invariably follows an 
economic pattern. This fact was very striking in our studies 

The analysis of data on 706 djspeptie patients gastioscoped 1 000 times 
during four jears immediately preceding World War II showed some striking 
differences when compared with 29/ patients with dyspepsia gastiosconed 364 
times during the lour war yeais. In the “prewar” group (1937 to 1942) 53 6 
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per cent of the total chronic gastritis seen was the atrophic type. The remaining 
46 per cent was about equally distributed between the chronic superficial and 
chronic hypertrophic types. The “wartime” group (1942 to 1946) showed a 
considerable decline in chronic atrophic gastritis (from 53.6 per cent to 18.5 
per cent) and a corresponding rise in the superficial and hypertrophic types. 
Thus chronic “atrophic gastritis” was three times higher in the “prewar” 
group. What is the significance of this variation in distribution? Rather 
extensive laboratory studies were done. A large percentage of the “prewar” 
group had dietary questionnaire and food habit studies. Ninety per cent of 
the “prewar” group were clinic patients, unemployed from two to four and 
up to eight years prior to examination. Nutrition diaries clearly showed that 
most of these patients existed on diets inadequate in quantity and quality of 
protective foods to maintain normal nutrition. There were evidences of low or 
borderline plasma ascorbic acid levels, red blood cell counts, hemoglobin values, 
spongy gums, underweight, and other evidences of subeiinical states of under- 
nutrition. Symptomatically those patients with so-called atrophic gastritis 
were fatigued easily and had attacks of weakness in addition to abdominal 
distress. 


As employment improved the ratio of patients on relief to those gainfully 
employed was reversed. Therapeutic studies (reported in another communica- 
tion) making use of liver extract, vitamin B complex, and improved diets showed 
striking symptomatic improvement and convincing disappearance of atrophy. 
These facts contribute further evidence to the ctiologie relationship of malnutri- 
tion to so-called chronic “atrophic gastritis.’’ 


70. THE EFFECT OF CHOLINE, METHIONINE, AND LOW FAT DIET 

ON THE LIFE EXPECTANCY OF PATIENTS WITH 
CIRRHOSIS OF TnE LIVER 

Leo Wade, M.D., St. Louis, Mo. 

(Introduced dy Carl Harford, M.D.) 

In a previous communication the following regimen for the treatment of 
cirrhosis was described : 

1. Diet 

Protein 90-100 grams 

Fat (chielly vegetable) oO grams 

Carbohydrate Sufficient for patient’s caloric needs 

2. Drugs 

Choline hydrochloride 1-S grams 

Methionine (1 quart shimmed milk) 0.9 grams 

3. Vitamins 

A 10,000 U. S. P. units 

D S00 U. S. P. units 

4. Abstinence from alcohol 

This regimen was based on two assumptions : ( 1 ) that fatty changes in the 
liver ordinarily precede the more characteristic anatomic changes of cirrhosis; 
(2) that fatty changes in the liver are often dietary in origin, especially in t lie 
alcoholic patient, and are comparable to the changes observed in experimental 
animals placed on deficient diets. The present report summarizes the clinical 
experiences of the past six years, during which time some 224 patients with 
cirrhosis of the liver have been studied. The fate of these patients is compared 
with that of a similar group of 311 patients treated in the same hospital under 
similar circumstances prior to the use of the present therapeutic regimen. 
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The fate of the two groups of patients, as of March 1, 1947, is as follows: 

l.A I'l.lil MENTAL CONTROL 



N I’M LI is 

rut ci.x r 

Mjunn: 

I’KIl CENT 

Deal 

10S 

77.1 

205 

85.2 

Living 

11 

20.2 

7 

2.3 

Fate unknown 

12 

2.7 

::<> 

12.5 

Total 

OO J 

100.0 

Oil 

100.0 


Comparison of the survivors in the two groups permits no conclusion 
regarding the merits of the therapeutic regimen since the period of observation 
of the experimental group has been too brief. The period of survival thus far 
from the onset of initial symptoms varies from 13.0 to G3.2 months for the 
experimental series as compared with 71.5 to 10*7.5 months for the control series. 
The average period of survival is 33.0 months and 112.2 months, respectively. 

It is not possible to utilize all the patients known to be dead in the two series 
since some were thought to have died from causes not directly related to their 
liver disease. Adequate data regarding the onset of symptoms were not avail- 
able in other instances. The experimental series is thus reduced to 138 patients 
and the control group to 196 cases. 

If one plots the percentage of patients surviving at any given time after 
the onset of the initial symptoms, the curves for the experimental and control 
groups superimpose one upon the other. Similiar curves comparing the 
survival rate after the onset of ascites, jaundice, or hemorrhage also reveal 
no difference between the experimental and control groups. 

It is concluded, therefore, that the therapeutic regimen as carried out was 
without effect upon the life expectancy of patients with cirrhosis. 


71. HEPATIC FUNCTION IN INFECTIOUS MONONUCLEOSIS 


John AY. Brown, M.D., John LeRoy Sims, M.D., and 
Jack E. Clifford, M.D., Madison, AYis. 
(Introduced by Ovid O. Meyer, M.D.) 


Liver function tests were performed one or more times in forty-eight con- 
secutive cases during the course of infectious mononucleosis. The presence of 
infectious mononucleosis was established with reasonable certainty accordin'* 
to existing criteria. 


The following tests were made one or more times on each patient with the 
results indicated : icterus index in 43 patients, abnormal values obtained in 16 • 
urine urobilinogen in 33, elevated values in 20; cephalin cholesterol flocculation 
test in 47, value of 3 plus or more in 37; thymol turbidity in 41 value of 4 
units or more in 16; prothrombin time in 41, levels below 75 per cent in 5* 2 
mg. per kilogram twenty-minute bromsulfalein test in 21, 10 per cent or more 
letention in 1. Certain tests weie peiformed three or more times in several 
patients. Of 24 patients who had the cephalin cholesterol flocculation test tw 
or more times, 23 (96 per cent) attained a value of 3 plus or more at least rm -t 
He™ of twenty patients who had thymol tnrbidity ofm® S 

attained a level of 4 units or more at least once. For the mtient* XhT 
series of observations, the average period from onset of diseasfto ^ 

value for Hanger’s test was 34.7 days, and for thymol turStv test 
Persistence of symptoms was noted for a variable period after tLliW 9 d ?- ys * 
tests performed were normal in seven of fifteen patients ^ DCtl0n 

The tests to date have not revealed a significant ^equate foHow-up. 

phile antibody reaction and Hanger or thymol turbidity ?g St b tWeen the heter °- 
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72. EXPERIENCES WITH NEEDLE BIOPSY" OF THE LIVER IN 
PATIENTS WITH MALIGNANT HEPATIC NEOPLASM 


Leon Schikf, M.D., Carl Kumvk, M.D., (By Invitation), Stuart A. Safdi. 

M.D., (By Invitation), and Edward A. Gall, M.D. (By Invitation) 

Cincinnati, Ohio 

Needle biopsy of the liver was performed with the Vim-Silvcrnum needle in 
forty-seven patients with proved malignant neoplasm of the liver. The trans- 
pleural approach was used in thirty-six of the patients and the abdominal ap- 
proach in eleven. The tumor was primary in ten and secondary in thirty-seven. 
Neoplasm was demonstrated in the tissue obtained from thirty-nine of the 
group. The tumor was missed in eight biopsies, in three of which the specimen 
obtained was inadequate for microscopic examination. 

The liver was palpated as nodular or irregular in twenty-nine of the 
patients and as smooth in seventeen. In one patient it was not palpable. The 
clinical diagnosis of malignant neoplasm of the liver was confirmed by means 
of the biopsy in thirty eases. In nine patients, three with primary hepatic 
tumor, carcinoma was not suspected prior to the biopsy. In sixteen of the 
twenty-nine patients with nodular liver, and in twelve of the twenty with smooth 
liver, the biopsy was the first means !>v which the presence of carcinoma was 
definitely established. 

Liver biopsy proved particularly valuable in patients in whom the presence 
of carcinoma was not previously established and in whom ’‘liver function” 
studies, especially the eephalin cholesterol flocculation test, suggested the 
presence of hepatitis. 

Needle biopsy of the liver is a surprisingly valuable adjunct in the diagnosis 
of primary and secondary neoplasm of the liver and not infrequently may be the 
earliest or the sole means of establishing the diagnosis. 


73. INFECTIOUS AND TOXIC HEPATITIS: PATHOLOGIC AND 
CLINICAL MANIFESTATIONS 

Hans Popper, M.D., Frederick Steigmann, M.D., Murray Franklin, M.D. 

(By Invitation), and Leo F. Nakut, M.D. (By Invitation), Chicago, III. 

Studies in the Army Institute of Pathology on fatal eases of infectious 
(viral hepatitis revealed a characteristic morphologic picture. Investigation 
of fatal eases of acute primary hepatitis observed in a civilian hospital during 
eighteen years showed in less than one-half a morphologic picture similar to 
the one seen predominantly in military personnel ; these cases were considered 
to be infectious in origin. Since in many of the other eases a hepatotoxie 
etiologic factor was present, these were tentatively designated as toxic hepatitis. 
The main morphologic differences were slower cell death, slighter mesenchymal 
involvement, outspoken zonal distribution, and occasionally predominant fatly 
changes in tne toxic eases. Applying similar differentiating points to biopsy 
specimens of thirty-seven cases of acute primary nonfatal hepatitis, usually 
a differentiation between infectious and toxic hepatitis was possible. Subse- 
quently a correlation with the apparent etiologic factors was found. More than 
one-half of the studied cases revealed a morphologic picture designated as 
toxic. 

Based on this differentiation, we attempted to divide the cases of aciitc 
primary hepatitis by clinical and laboraotry methods. For instance, usually 
patients with toxic hepatitis are older and have a shorter prodromal period with 
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more intense gastrointestinal symptoms (vomiting and diarrhea) which con- 
tinue even while the patient is in the hospital in contrast to infectious hepatitis 
in which the gastrointestinal symptoms decrease when .jaundice appears. The 
patients with toxie hepatitis appeal's sieker, more feverish and dehydrated, are 
more often deeply icteric, and have tachycardia. Pruritus and dermatitis may 
be present. The spleen is more often felt. There is no clear-cut differentiation 
in the laboratory findings. Tn general, however, cephalin flocculation and 
thymol turbidity are more often negative and alkaline phosphatase and total 
cholesterol more often elevated in the toxic eases. In toxic hepatitis, the non- 
protein nitrogen is often elevated and in the fatal eases icteric nephrosis is 
common, some of the patients dying in uremia. The dehydration in toxic 
hepatitis may he held responsible for the renal involvement just as dehydration 
has been considered an important pathogenetic factor in lower nephron 
nephrosis. 

Definite establishment of the etiologie factors in acute hepatitis by virus 
studies might justify the thus far tentative designation of infectious and toxie 
hepatitis. The present findings suggest two different entities and that not every 
case of acute primary hepatitis in civilians is of infectious origin. 


74. METHIONINE IN THE TREATMENT OF CHRONIC AND 
ACUTE HEPATITIS 

Frederick Steigmanx, M.D., Melvin Salk, M.D. (By Invitation), William 
H. Todd, M.D. (By Invitation), and Hans Popper, M.D., Chicago, III. 

Encouraged by results of treatment of experimental nutritional cirrhosis 
by lipotropic substances, methionine, choline, or choline plus cystine were used 
as supplement in patients with liver cirrhosis. While the reports on such 
regimes are few and on small series of eases, most of them are rather optimistic. 

In a comparative study of different lipotropic substances during the past 
two years, a group of ten patients with hepatic cirrhosis received, in addition 
to a high protein, high carbohydrate, high vitamin, and low' fat diet, daily 5 Gm. 
of methionine orally. Seven of the patients had ascites ; all with the exception 
of three were jaundiced; their symptoms varied from ten days to five years. 
They were treated in the hospital from ten days to five months. Three patients 
died during the first stay in the hospital and seven recovered and were dis- 
charged. Of these, two returned six and twelve months later, respectively, and 
died during the second admission. Of the remaining five, twm are still ailiim 
while three have returned to their previous occupation, at which they have 
remained so far nine to twelve months. The jaundice disappeared in the re- 
covered cases; the ascites decreased in two, and in three paracentesis is still 
occasionally necessary. The liver function improved in the surviving eases 
especially the albumm/globulm ratio and the cephalin flocculation ° Some 
improvement of liver function occurred even in two patients -who later died 
Comparison of the results of this group with another without linotromV 
supplement reveals a definite improvement both as to mortality and recover 
It should be considered that the variations in the therapeutic effects are not 
only due to different clinical stages, but also possibly to different tvr.es 3 
cirrhosis. J 1 u _ 

The evaluation of therapeutic results in acute henatific i, 

of the eiTaetie corn™ of the tee. It appeal f Seafc' 

study the influence ot methionine upon the nitrogen bilmce in , 

acute infectious hepatitis. In four such patients no V Patients with 

found in experiments composed of several five-day periods 'Sse itsMts 
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speak against the existence of a ethionine deficiency in acute infectious hepatitis 
due to diversion of methionine from protein formation to lipotropic or other 
liver-protecting activity. 

75. PROGNOSTIC VALUE OF BIOPSY IN CIRRHOSIS OF TIIE LIVER 

"William D. Davis, Jr., M.D., New Orleans, La. 

(Introduced by Thomas Findley, M.D.) 

Liver biopsies were accomplished, in twenty-one patients with cirrhosis 
either by needle or surgical approach. Follow-up data were available in sixteen 
of these. In this paper an attempt has been made to determine the prognostic 
value of changes in the liver by correlating the degree of fatty change, fibrosis, 
necrosis, and inflammation in the liver sections with the response to therapy. 
The relation of ascites and the presence or absence of central veins was also 
noted. Treatment consisted of high carbohydrate (500 Cm.), high protein (200 
Gm.), variable fat diet with supplements of brewer’s yeast, vitamins, liver 
extract, and, in some instances, methionine or choline. 

Of the group, eleven were considered to be decompensated and of these, 
regardless of the degree of fibrosis, necrosis, and inflammation, only those with 
rather severe fatty change showed significant improvement under treatment. In 
the compensated group microscopic changes were relatively minor and the 
clinical course was correspondingly good. In general, those patients with 
necrosis and inflammation showed better clinical and microscopic improvement 
than those with only fibrosis. The two patients with severe necrosis and inflam- 
mation without fatty change both died during the acute episode. Four other 
patients with similar changes plus considerable fatty infiltration have returned 
to useful life. In general, the patients with ascites showed relatively fewer 
central veins than those without ascites. 

76. AN UNUSUAL CASE OF ESSENTIAL NORMAL CIIOLESTEREMIC 

XANTHOMATOSIS 

S. J. Thannhausek, M.D. (By Invitation), Boston, Mass., A. AYikler, M.D. 

(By Invitation), and Thornton Scott, M.D., Lexington, Ky. 

Extensive biochemical, roentgenographie, clectroeneephalographic, and 
histologic studies have been made in the case of a 38-year-old white man with 
cutaneous xanthomatosis and grand mat, uncinate, and psychomotov seizures. 

The initial manifestations of the disease appeared two and one-half yearn 
before. There was no history of seizures prior to the development of xanthoma- 
tosis and no family history of seizures. 

Electroencephalograms showed diffuse cerebral disorder with some left- 
sided localization, and marked abnormalities were elicited following left carotid 
pressure which produced temporary asystole and faintness. 

Total cholesterol, 196 mg.; free, 4S mg., cholesterol esters, 148 mg. per 
100 ml. of blood. 

Roentgenograms of the skull were normal. The long bones showed 
medullary thickening in the lower portion of the shafts of the femora and humen 
but no punched-out areas. Biopsy of the femur showed xanthomatous involve- 
ment. 

The most unusual feature of the case was the finding of scattered peteejuae 
and small raised mahogany lesions over the limbs and trunk which tended to 
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appear in crops ami fade in a few weeks. In addition, lie showed classical 
chamois-colored lesions involving the lids and the entire scalp. Biopsy of one of 
tile petcchiae showed infiltrations of reticuloendothelial cells and eosinophilcs 
around small blood vessels. Such lesions arc extremely rare in adults with 
xanthomatosis of this type. 

The patient suffered a pathologic fracture near the biopsy site after release 
from the hospital. Ilis seizures have been satisfactorily controlled with dilantin 
sodium. 

This ease appears to represent essential xanthomatosis of the normal 
cholesteremic type (eosinophilic granuloma, eosinophilic xanthomatous granu- 
loma) involving skin, hone, and dura, with eosinophilic granulomas involving 
the small blood vessels of the skin. 


77. “COMBINED ANTACID” THERAPY IN PEPTIC ULCER 

Erwin Kammerlixg, M.D. (By Invitation), and Frederick Steigmaxx, M.D. 

Chicago, III. 


The large number of antacids available for tbe treatment of peptie ulcer 
indicates that no one substance is of value in all cases. The disadvantages of 
some of the currently used antacids are acid rebound, alkalosis, too-transient 
neutralization, interference with normal gastric function, and unpalatability. 
Hence, the search for better antacids continues. Recently we have studied the 
antacid effect of a substance which has been prepared with the idea of combining 
the properties of currently used antacids but eliminating some of the untoward 
effects. This substance is a mixture of aluminum hydroxide, magnesium 
trisilieate, and purified gastric mucin. 

Twenty-five patients with symptomatology and x-ray evidence of ulcer 
(twenty duodenal and five gastric) were chosen for this study. The fasting 
stomach was aspirated at fifteen-minute intervals for one hour before 0.5 mg. 
°f histamine phosphate was injected subcutaneously. Following this, five 
further aspirations were done. On successive days, two tablets of the new 
preparation, of amphogel, or two Sippy tablets were chewed and swallowed 
following the fourth fasting aspiration and prior to the histamine injection. 
The free and total acidity was determined in all samples by titration with 0.1 N 
sodium hydroxide solution, using Topfer’s solution and phenolphthalein as 
indicators. 

In 92 per cent of the cases, a valuable antacid effect was obtained with all 
substances. In 55 per cent, the mucin mixture was more effective; in 27 per cent 
less effective. In 18 per cent, they were equally effective. In 70 per cent of the 
cases, the mucin preparation was observed in the aspirated samples from 
fifteen to forty-five minutes longer than the other antacids. Recent gastro 
scopic and x-ray studies by Hardt confirmed this observation by demonstrating 
that the mucin preparation remained in the stomach longer. It was also noted 
that the mucin mixture was a more effective antacid when chewed than 
allowed to dissolve in the mouth. 1 


The preliminary antacid studies with this' preparation 
being supplemented by clinical observations suggest that this 
prove a valuable addition to peptie ulcer therap^ 


which are 
substance 
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may 
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7S. TRANSITION OF PANCREATIC EDEMA INTO 
PANE R RATIO N ECROSIS 


II. L. Puffer, M.D. (By Invitation*), and H. Nkoiiklks, M.D., Pu.D. 

CuiCMiO, III. 

Pancreatic edema or pancreatic necrosis can he produced easily in the dog, 
but we have not been able, heretofore, to observe edema progress or change into 
necrosis. This has been achieved now by temporary clamping of the upper pan- 
creatic artery in the presence of edema of the pancreas. It is felt, that spasm 
of arteries may play a role in the development of pancreatitis. 


79. BIOCHEMICAL FINDINGS IN AC ET V LX AMU VI, AT E THERAPY 
OF ACUTE RHEUMATIC FEVER 


William S. Huffman, M.D., It.u.o F. Yolini, M.D., Mark Pumaranc, M.D. 

(By Invitation), and Catherine Node, B.A. (By Invitation) 

Chicago, III. 

Eighty patients with acute rheumatic fever were treated with high doses 
of aspirin combined in tablet form with colloidal aluminum hydroxide (Alasil. 
Wander). Preliminary tolerance studies had shown that the plasma salicylate 
levels obtained after single doses of the aspirin product were of the same order 
as those obtained with ordinary aspirin. But the gastrointestinal disturbances 
obtained in 13 per cent of the patients on high doses of ordinary aspirin did not 
occur with the aspirin containing aluminum hydroxide. 

From 94 to 144 grains of aspirin daily (about 120 mg. per kilogram) usually 
produced plasma salicylate levels around 30 mg. per 100 milliliter. At this level, 
symptoms of salieylism often occurred with an accompanying irresponsibility 
and negativism. Many patients refused further to cooperate with the treatment 
and these had to have the dosage lowered. Thus in only forty-one patients was 
an average level of more than 25 mg. per 100 ml. maintained. The patients were 
treated until subsidence of clinical symptoms. 

There was no great difference in the percentage of patients whose sedimenta- 
tion rate subsided to normal, whether average salicylate level was above 
or below 25 mg. per 100 milliliter. 

The plasma prothrombin levels were not much altered. They were reduced 
below 75 per cent of normal in only 33 per cent of the cases. In only one patient 
was the level low enough to produce bleeding, which was relieved by one single 
injection of vitamin K. There was no greater incidence of reduced prothrombin 
concentrations in the patients with high plasma salicylate concentration than in 
those with lower levels. 

In almost all patients, a moderate reduction in serum bicarbonate occurred, 
usually associated with increased chloride concentrations and with slightly 
lowered sodium concentrations. The serum pH was usually normal. This might 
have been due to primary alkalosis produced by hyperventilation, but there 
was no marked hyperpnea, the urine was never alkaline, and clinical improve- 
ment occurred with bicarbonate. Those findings along with those obtained with 
salicylate and chloride clearance studies pointed to the idea that salicylate and 
chloride compete for sodium in renal excretion and that when sodium is limited 
both arc retained to produce a primary fixed acid acidosis. 
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so. treatment ok subacute 1> K FS ^ 1 vx C A ! 1 IS AUlH 

PENICILLIN IN OIL AND LLl,b\\A.v 

William S. Hoffman, M.D., Itai.o K. Vouni, . and J . «■ 5LD * 

(Bv Invitation). Ciiicai.o, It- 1 - 

i criteria fox* subacute bactciial 

Eight paticuls with all the ml. of hard Kon.ansky 

endocarditis were treated with dull • « penicillin in peanut oil and beeswax ) 
formula penicillin (crystalline potasm 1 positive blood eul- 

containing 000,000 units. Six of the Jere isolated. No 

tines from which pure strains _ot < > J . . patients. The treatment was 

bacteria could be isolated irom the it . . being given in alternate 

continued tor forty-two days, the <lu y y » » “ din Vof on underlying 
buttocks. All of these patients had histones 

rheumatic heart disease. successful Remission of fever 

In these eight patients, the ti : eat nient, in some eases during 

and clinical symptoms oecuiied eai . cases before the 

the first week. Cultures became nega tjc >n jU c^ses, theM yas ?a i n 

end of the first week, in no cases late} « anem ia. One patient with right 
in weight and strentgh and amelioriz. . y severe malnutrition and 

hemipfegia on admission even though the cultures be- 

bedsores during the early pait implemented with intravenous ammo acids 
c-ame negative. W hen her diet Mas sipp ra nicllv. There were no urticarial 
glucose, and vitamins B and G, she PJJ obeg( f pa tient, the induration at the 
reactions to the many injections in In no other cases were there 

sites of injections required h ^J° ‘ tions 1 The penicillin sensitivity of the 
any significant local or gen®}** oTunits per milliliter. Plasma penicillin 
isolated bacteria ranged from 0.008 to 0.d «ms P < to 0 .125 at twenty- 

levels ranged from 1 to 4 units at "°"^ ned at twenty-four hours. 

I.UC hour, Only >"t tarterW o ndocarditis from a focus in the 

A ninth patient with ■ g f| . i n the blood with a penicillin 

bladder and posterior ureth He was treated with daily injections 

sensitivity of 4.1o L . (goo 000 units) for thirty-four days without 

of 3 ml. of . RomanAy i ,0 rnX of aqueius penicillin every three hour, 
S pSicnSl hfd a positive cnUure on the fourth day of the 

new treatment. formula penicillin for the treatment of subacute 

bacteriS endocarditis is 'thus a convenient and successful method if the organism 

is not too penicillin-resistant. 

o-i TT >-p ATM ENT OF LOBAR PNEUMONIA WITH PENICILLIN 
b ' * IN OIL AND BEESWAX 


I F yolixi, M.D., J. R. Hughes. M.D. (By Invitation), J. R. Peffer, M.D. 
TAL ( ' Bv i NVIT ation), and William S. Hoffman, M.D., Chicago, III. 

One hundred four consecutive patients entering the Cook County Hospital 
Ml lobar pneumonia were treated with daily injections of hard Romansky 
f ■ 1 ula penicillin (crystalline potassium penicillin G in peanut oil and bees- 
° in »\ * The daily dosage was 1 ml. containing 300,000 units. Seventy patients 
had tvpablc pneumococci in the sputum; of the remaining thirty-four, some 
almost certainly had primary virus infections. Sixty-two per cent of all the 

• Commercial Solvents Corp., New York, N. Y. 
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patients showed a satisfactory remission of fever and symptoms within seventy- 
two hours. Many of these showed this response after one injection. The 
percentage of good results was somewhat higher in the group of proved pneumo- 
coccal origin. There were four deaths, these occurring in patients with serious 
complications and of the older age groups. Many of the patients who responded 
slowly had handicapping complications, such as delirium tremens, chronic heart 
disease, chronic lung infections, and cirrhosis. There was only one urticarial 
reaction to the penicillin and no local abscesses. 

Plasma penicillin concentrations obtained in twenty-five hospital control 
patients who were administered 300,000 units of the penicillin in oil and beeswax 
averaged 0.43 unit per milliliter at two hours, 0.11 at six hours, and 0.09 at 
twenty-four hours. There were three zero levels at twenty-four horns. In 
the 104 therapeutic cases, 122 determinations at twenty-four hours showed 
seven zero levels, the bulk of the values lying between 0.03 and 0.125 unit per 
ml., with an average of 0.10. At two hours the average level was 0.85 unit per 
milliliter. Since almost all pneumococci arc sensitive to concentrations of 0.03 
unit per milliliter or less, the levels obtained over the twenty-four horns with 
the single daily injections should have been therapeutically satisfactory. 

The satisfactory results in over 50 per cent of the haeteriologieally unproved 
cases of pneumonia suggests that penicillin therapy is indicated in all cases of 
pneumonia. However, if no satisfactory results arc obtained in forty-eight 
hours, the ease should be clinically re-evaluated. 

82. LABORATORY AND CLINICAL OBSERVATION'S ON THE USE OP 

A NEW SULFONAMIDE— 3, 4-DIMETIIYL-5-SULFANILAMIDO- 
ISOXAZOLE (NU 445) 

Paul S. Rhoads, M.D., Floyd A. Svec, M.D. (By Invitation), and 
Joseph H. Rohr, M.D. (By Invitation), Chicago, III. 

In vitro comparisons of the bacteriostatic activity of sulfadiazine and 
NU 445 were carried out with synthetic media to eliminate the polypeptide 
inhibitory factor. It was found that the two sulfa drugs studied were roughly 
comparable in action against Escherichia coli, gamma streptococcus of fecal 
origin, and hemolytic streptococcus. The aeetylated forms of the drugs in- 
hibited the growth of Esch. coli and gamma streptococcus but required slightly 
higher concentrations than the free drug. Folic acid was found greatly to 
inhibit the activity of both sulfadiazine and NU 445 against the gamma 
streptococcus but not against Esch. coli. 

In twenty-four patients receiving NU 445 orally and parenterally in doses 
of 4 to 6 6m. daily, the average blood level (fifty-three determinations) was 9.10 
mg. per cent total and 6.36 mg. per cent free drug. About 30 per cent of the 
drug was therefore present in the N, conjugated form (aeetylated), a figure 
considerably higher than for aeetylated sulfadiazine or sulfamerazine as 
determined in this laboratory. In two instances in which NU 445 levels were 
determined on blood and spinal fluid from the same patient obtained the same 
day the spinal fluid levels were approximately one-half those of the blood 
levels. 

Slightly more than one-half of the drug administered was recovered in the 
urine, about 35 per cent being present in the aeetylated form. These figures 
closely approximate those obtained with sulfadiazine. 

NU 445 was used clinically in 24 cases, including 6 patients with meningitis 
(meningococcal, 3; pneumococcal, 2; undetermined etiology, 1), 6 with urinary 
tract infections, 5 with respiratory infections, 2 patients with erysipelas, 1 with 
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scarlet fever, and 4 with postoperative ui lections. In 14 the 
alone and in 10 it was used in combination with penicillin and/o * 

Til no ease was a patient's death thought to lie due to lailurc oi the. ^ lu - ° 
trol the infection. Both patients with meningococcus meningitis treated 

NU 445 alone recovered. ... . 

Reactions occurred in four eases, consisting of a genera .zed < Je«natitw in 
one, ervstalluria and hematuria in one. and nausea and vomiting nut. 
Xo local reaction resulted from repeated intramuseular injection ot the diu 0 
(lithium salt) in 10 per cent solution. 

83 CLINIC \L STUDIES OK INSOLUBLE KETONES AS 
INTESTINAL ANTISEPTICS 

Preliminary Report 

■ Michael II. Streiciiek, M.D., AND Verna Pittard (By Invitation) 

Chicago, Inn. 

Since the discovery of the properties of suli'aguamdine by Marshall 
Bratton, White, and Litchfield in 1940, it lias been shown that many other 
sulfonamide groups had similar intestinal antiseptic properties. The clinical 
advantage claimed for the use of compounds that are absorbed slightly or not at 
all from the intestine is the obviation ol side effects. 

Recently a new group of compounds was discovered that are absorbed 
verv slowly from the intestine and yet demonstrate antibacterial activity . 
The group is derived from p-aminobenzene sulfimc acid (a series of insoluble 
ketones). Ketones Nu201 and Nu404 were studied. The toxicity values are 
expressed as a single oral dose of 20 Gm. per kilogram tolerated by white mice 
for ketone Nu201 and 15 Gm. per kilogram tor ketone Nu404. W e have 
administered the new agents to patients orally m doses ot one tablet thiee times 
daily before meals Ketone Nu201 was administered over a period from seven 
to twelve days and Nu404 from eleven to forty-nine days. The blood levels for 
Nu20l ranged from .08 to 1.2 mg. per milliliter and those for Nu404 from .09 
to .8 mg. per milliliter. 

In our experience Nu201 is apparently toxic to some patients. 

Baeteriolo°ie studies in the stools showed a reduction in the intestinal flora 
in the staphylococci and streptococci groups. The studies on the Escherichia coli 
group were inconclusive. Clinically, the patients experience a reduction in the 
number of stools per day, disappearance of abdominal cramping, and a decrease 
in the amount of blood in the stooLs. In general, our preliminaiy experience 
with Nu404 Is more favorable. More work is needed to confirm and to extend 
our present findings. 


84. THE COMPARATIVE EFFECT OF VARIOUS ALKALIS AND UREA 
UPON THE BLOOD CONCENTRATION. EXCRETION, AND CON- 
JUGATION OF SULFONAMIDES WITH GLUCURONIC 
AND ACETIC ACID 

Joseph H. Rohr, M.D. (By Invitation), and Smith Freeman, M.D. 

Chicago, III. 

The most valuable sulfonamide adjuvant would be one which enhances 
glucuronic acid conjugation, depresses acetylation, and prevents crystalluria 
Since sulfonamides conjugated with glucuronic acid are less likely to result iii 
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uroliths and arc more antibacterial than acetyiated forms according to the litera- 
ture, it seemed worth while to study (lie effect of various adjuvants on the 
conjugation of sulfa drugs with glucuronic and acetic acid. 

Sulfadiazine was given orally to one patient and sulfamerazine to the other 
on alternate threc-day periods for two months with various adjuvants. Sodium 
citrate and sodium lactate dosages were equivalent to 24 Gin. of sodium bicar- 
bonate daily and the dosage of urea was (JO Gin. per day. Glucuronic acid and 
the sulfa fractions were determined in blood and urine. 

Total sulfonamide blood concentrations were slightly reduced by the alkali 
adjuvants but not by urea. No significant effect of adjuvants on the percentage 
acetyiated was demonstrated. 

In most instances blood glucuronic acid was increased by sodium citrate and 
sodium lactate adjuvants but not by sodium bicarbonate, nor the sulfonamide 
alone. Urea depressed the blood concentration of glucuronic acid. 

Urinary glucuronic acid was increased by both sulfadiazine and sulfamera- 
zine either with or without adjuvants. 

In general there were greater increases of urinary glucuronic acid after 
alkali adjuvants were administered than when urea or no adjuvant was given. 
These increases above controls, which were taken on days that adjuvants only 
were given, were calculated to represent equimolar conjugation with sul- 
fonamide. 

The percentage of urinary acetyiated sulfonamide was less when the alkali 
adjuvants were given than when uvea or no adjuvant was given. 

Urea had no effect on blood concentration, excretion, or conjugation. Most 
of the ingested urea was recovered in the urine. Blood and urine urea nitrogen 
had returned almost to control levels twenty-four hours after stopping the 
drug. 

The fact that, sodium citrate and sodium lactate increase conjugation, of 
sulfadiazine and sulfamevazine with glucuronic acid and decrease conjugation 
with acetic acid is an additional indication for the use of adjuvant alkali 
therapy with these drugs. 

85. CRYSTALLURIA FOLLOWING SULFONAMIDE MIXTURES AND 
SULFONAMIDES PLUS ALKALI: A COMPARATIVE 
STUDY OF 400 CASES 

Leopold J. Snyder, M.D., Eloisk, Mien. 

(Introduced dy Charley J. Smyth, M.D.) 

The use of sulfonamides is attended by the danger of renal complications. 
Lehr (1945) and Flippen (1946) showed that using a mixture of two sulfona- 
mides markedly reduced erystalluria. This occurs because sulfonamide solutions 
are mutually soluble. Flippen demonstrated that using single sulfonamides. 
12 Gm. of sodium bicarbonate are necessary to keep erystalluria incidence equal 
to that of sulfonamide mixtures. 

This study compares the incidence of erystalluria in 200 patients using, a 
mixture of sulfadiazine and sulfamevazine in equal doses to the erystalluria in 
200 • patients using a sulfonamide with equal doses of sodium bicarbonate. 
Group I was given a daily total sulfonamide mixture dose of 4 to 6 grams. 
Group II received 4 to 6 Gm. of sulfadiazine or, in a few cases, sulfathiazole 
with equal doses of sodium bicarbonate. Group I averaged 59 years in age and 
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Group II, 52 years in age. Urinalyses were done every other day. No case 
was included unless tiie patient had received t he drug for at least sixty hours 
or had developed crystalluria before that time. 

In Group I only 20 per cent of the patients developed crystalluria. Those 
in Group II showed, however, 42 per cent crystalluria. It is further of signif- 
icance that in Group I, of seventy-three patients over 60 years old, thirteen 
(22 per cent) developed erystallnria, comparing favorably with the over-all 
group. In Group II, however, of sixty-four patients over 60 years, thirty- 
three (52 per cent) developed crystalluria. 

It is obvious that the large amount of sodium bicarbonate recommended 
by Plippcn might well be deleterious in many eases, especially in an old age 
group or in patients with cardiac or chronic renal disease. Although the 20 
per cent crystalluria in Group I of this study does not approach the 6 per cent 
reported by this observer, it is significantly lower than the 42 per cent found in 
Group II. 

It is concluded that the use of a mixture of sulfadiazine and sulfamerazine 
is superior to the use of a single sulfonamide plus adjuvant sodium bicarbonate 
because (1) crystalluria is less in all age groups using the mixture and (2) use 
of the mixture obviates the necessity of using large doses of sodium bicarbonate 
in eases in which sodium retention is likely. 


86. RECTAL ABSORPTION OP PENICILLIN 

Emanuel. E. Mandel, M.D., Chicago, III. 

(Introduced by Hans Popper, M.D.) 

Lack of conclusive information on quantitative penicillin absorption from 
the rectum and contradictory statements as to its efficacy have prompted in- 
vestigation of this subject. 

Retention enemas containing 0.1 to 1 million units of penicillin usually 
produced insignificant antibiotic activity in both blood and urine. 

Suppositories prepared by mixing 0.5 to 1.0 million units of penicillin with 
cocoa butter resulted in therapeutically useful serum levels lasting several hours. 
The average peak of 0.5 to 1.0 unit per milliliter, respectively, occurred about 
fifteen minutes following administration. The total excretion of penicillin 
averaged 6 per cent of the dose given. 

Rectal insufflation of 200,000 units of penicillin through an anoseope was 
followed by serum concentrations of up to 8 units per milliliter after fifteen 
minutes and by recovery from the urine of 17 to 50 per cent of the penicillin 
blown into the rectum. The actual exeretion ratio is probably better because 
diffusion and adherence of some powder to the instrument prevent part of the 
drug from reaching the mucosa. Comparable penicillin levels in serum and 
urine were found to result from cocoa butter capsules containing dry penicillin 
m their centers (16 to 35 per cent urinary exeretion). The similar use^f rectal 
gelatin capsules generally produced relatively lower and delayed penSlfn 

tl,e lalto 1 aid 

lower rectum, intimate contact of the dru" with cocoa butter f !' ? 11 abo 7 e tlie 
piete disintegration of gelatin capsules m. 
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vapidity of absorption rules out any significant interfci'cncc by enzymatic action. 
The clinical application of the rectal route depends upon the selection of the 
most suitable vehicle. 


87. STREPTOMYCIN RESISTANCE OF BRUCELLA SIRS AND 
EBEKTHELLA TYPILOSA 


W. 1>. Su’i’ukk, M.D., and Kathleen Mason, B.A., Mittimus, Tkxn. 

(Introduced »v Ford K. Hick, M.D.) 

The streptomycin resistance of microorganisms obtained in blood cultures 
from one patient with undulant fever and from one with typhoid fever was 
measured and correlated with the effects of streptomycin therapy. 

Hr. suis was obtained from the blood of the patient with undulant fever six 
times in ten days before streptomycin therapy and three times in twenty-eight 
days after streptomycin therapy. Two cultures made during streptomycin 
therapy were sterile. Treatment with 28.25 Cm. of streptomycin resulting in 
blood levels of 22 and 25 units per milliliter had no effect on the symptoms of 
the disease, which were unusually severe. No signitieant change occurred in 
the susceptibility of the strains during therapy. All were inhibited in vitro 
by I unit of streptomycin per milliliter with the exception of one slightly more 
resistant strain that was inhibited by 3 units per milliliter. 

E. typhosa was obtained from the blood of the patient with typhoid fever 
on (he seventh day ot'tlie disease and again on t he forty-eighth day during a 
relapse. A total of 37 (fm. of streptomycin was administered for nine days 
from the tenth to the nineteenth day inclusive without effect upon the symp- 
toms of the disease. No change took place in the susceptibility of the strains 
during treatment as both were inhibited in vitro by 3 units of the streptomycin 
per milliliter of media. 

The association of increased bacterial resistance in vitro with lack of 
therapeutic effect in vivo that is so common in streptomycin therapy of urinary 
tract infections, Ifucmophilus infiueuzae meningitis, and tuberculosis was not 
found in these eases. Further growth of the two microorganisms in media con- 
taining streptomycin led to the development of substantial increase of resist- 
ance. Other mechanisms for the lack of therapeutic effect of streptomycin on 
infections caused by susceptible strains of brucella and eberthella, sueli as 
inhibition by body fluids or inability of the antibiotic to penetrate to the sites 
of infection, must be postulated. 


8S. THE EXPULSION OF BETA HEMOLYTIC STREPTOCOCCI 

BY SNEEZING 


Morton Hamburger, M.D., Cincinnati, Ohio, and 0. H. Robertson, M.D. 

Chicago, Ilk. 


Jennison’s stroboscopic photographs have revealed the important compo- 
nent of a sneeze to be its highly atomized oral discharge, its nasal discharge 
being either absent or very poorly atomized. The importance of sneezing in 
the transmission of respiratory disease will depend largely, then, upon (1) the 
size and trajectories of droplets expelled from the mouth and (2) the concen- 
tration of a given respiratory pathogen in the oral and, to a less extent, in the 
nasal discharge. 
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Very lew experimental data exist regarding (1) the numbers <>£ human 
pathogens expelled into f he air when carriers sneeze, or (2) the important 
question of how tar the droplets which contain these pathogens are propelled 
and whether or not they remain suspended in the air t'or any length of time. 
Data on these points in reference to beta hemolytic streptococci were obtained 
by culturing the air of an experimental room in which carriers sneezed. Tiny 
“droplet nuclei” which remain floating in air for some time were captured by 
three “bubbler” air samplers set up J.5, 5.5. and 0.5 feet from the subject, 
with each sampler’s inlet three feet above the floor. Large rapidly falling 
droplets were caught on blood agar plates on the floor next to each bubbler 
sampler. 

Fifteen of twenty carriers sneezed hemolytic streptococci in vapidly fall- 
ing droplets 1.5 feet but not as far as 5.5 feet.' These fifteen carriers expelled 
none as “droplet nuclei.” Two others discharged small numbers of hemolytic 
streptococci as “droplet nuclei” but none in large droplets, and two dispersed 
none in any form. Only one carrier discharged large numbers, both as “drop- 
let nuclei” and in large droplets, 1.5. 5.5, and 9.5 feet away. About one-half 
the alpha or beta streptococci sneezed out as droplet nuclei were still present 
in the air ten to sixteen minutes afterward. This carrier’s saliva contained 
unusually large numbers of hemolytic streptococci. 

That saliva is the transport vehicle for material sneezed into the air was 
demonstrated by the finding of large numbers of salivary (saphrophytic) strep- 
tococci in the air as droplet nuclei in 35 per cent of the experiments and in 
large droplets during 80 per cent. 

These observations demonstrate that only rarely does sneezing play an 
important role in the direct contamination of the air with beta hemolytic 
streptococci. It may occasionally play a minor part by contributing to second- 
ary bacterial reservoirs in floor dust, handkerchiefs, and elsewhere. 


89. THE CONTAGIOUSNESS OF COCCIDIOIDOMYCOSIS 
Sol Roy Rosenthal, 3I.D., Chicago, III. 

Experiments were conducted in three phases to show that coccidioidomy- 
cosis is a contagious disease in guinea pigs: 

1. Spherule-containing exudates from patients or infected guinea pigs 
when instilled into the trachea of guinea pigs produced a primary form of the 
disease very similar to that found in human beings. 

2. fa) Spherule-containing exudates obtained from patients and kept in 
the icebox for periods up to 110 days failed to produce mycelial threads and 
chlamydospores but retained their spherule forms that were infective to «uinea 
pigs, (b) Spherule-containing sputum exposed outdoors to the shade or the 
sun with or without earth for periods up to 2 30 days retained their spherule 
forms, albeit m a certain percentage of cases mycelial forms were found. 

3. In a limited number of cases, normal guinea pigs placed in the samp 

cages with animals infected mtratracheally with the spherules of coecidioicE 
inunitis became infected. 1 ^ 
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90. TIIE EFFECT OF GERMAN MEASLES DURING PREGNANCY 


Stuart Adel, M.D. (By Invitation), and T. R. Van Dellen, M.D. 

Chicago, III. 

A request for letters from mothers who hail German measles during preg- 
nancy was included in a syndicated health column. They were asked to state 
the exact month of gestation that the illness occurred and the effect on the 
offspring. Over ninety replies were obtained and of these eighty-two were 
considered acceptable. The series includes two sets of twins, making a total 
of eighty-four children. 

Three stillbirths were recorded from mothers having German measles dur- 
ing the first trimester of pregnancy. Twenty-live of the children were normal 
at birth. In seven of these the mother contracted t lie disease during the first 
trimester, eleven during the second, and seven in the last. Fifty-six of the 
infants were abnormal at birth, thirty-six with a single defect and twenty with 
more than one defect. In forty-four (76 per cent) of these the mother told of 
having German measles during the first trimester of pregnancy, eight in the 
second, one in the third, and unknown in three. Nineteen had congenital heart 
disease, seventeen had cataracts, fourteen were deaf, and seven were mentally 
deficient. Gastrointestinal, eye, spinal, and skeletal abnormalities also occurred 
in lesser numbers. 

The most serious defects or combination of defects occur in women having 
German measles during the first trimester; less serious and more infrequent 
during the second. Only one abnormal child was born in the third trimester 
group. The diagnosis was cerebral palsy and was not considered to be related 
to the mother’s illness. 

Statistics obtained reveal that S7 per cent of the babies born of mothers 
having German measles during the first trimester were abnormal : 42 per cent 
during the second; and none in the third. These studies confirm previous 
observations that there is a definite relationship between congenital defects in 
the child and German measles in the mother. 


91. ABDOMINAL ACTINOMYX’OSIS 
George C. Turnbull, M.D., Evanston, III. 

The abdominal form of actinomycosis represents a highly fatal form of 
the disease with very few cases reported in the literature. The clinical course 
is long and tedious, if recovery occurs. It is not recognized early, as a rule, 
since it is usually associated with, or follows, other diseases in which there is 
marked emaciation, abdominal pain, anorexia, chills, fever, sweats and diar- 
rhea or constipation. The infection frequently extends to the liver, spleen, 
kidneys, and central nervous system. Recovery occurs in approximately 20 
per cent of the cases. 

One patient is reported in whom an abdominal infection by actinomycosis 
occurred after removal of the gall bladder because of recurrent gallstone colic. 
The clinical course was prolonged over a period of nine months with episodes 
of chills, fever, and the appearance of multiple granulomatous masses in the 
abdomen. One mass drained spontaneously through the left Fallopian tube 
and uterus. Recovery occurred after prolonged use of penicillin and sulfa- 
diazine in massive doses, associated with adequate surgical removal of a granu- 
lomatous mass. 



PROCEEDINGS OP TWENTIETH ANNUAL MEETING 


1537 


92. CO ALP A RAT IV 10 STUDIES OX THE IODINE ABSORPTION OP 
ANAYODIX, CHIN 10 EON, DIODOQUIN, AND VIOFORM IN MAN 

Alva A. Knight, M.D., and Jeanne Miller, M.S., Chicago, III. 

(Introduced nv Ralph C. Brown, M.D.) 

Since direct methods o£ assay of these oxyquinoline drugs are impractical, 
their absorption after oral administration 0 was studied indirectly by deter- 
mining blood iodine levels. Two hundred eighty blood iodine determinations 
were made as follows: before the drugs were started and on the third, the 
seventh, and the tenth days. No initial level before the drug was taken was 
higher than 17 gammas of iodine per 100 milliliters. The anayodin average 
was 94 on the third day, 302 on the seventh day, and 102 on the tenth day. 
The chiniofon average was 85 gammas on the third day, 87 on the seventh day, 
and SI on the tenth day. The vioform average was 297 gammas on the third 
day, 444 on the seventh day, and 393 on the tenth day. The diodoquin average 
was 651 gammas on the third day, 692 on the seventh day. and 615 on the tenth 
day. Consideration was given to diarrhea and other factors possibly influenc- 
ing absorption. In recommended therapeutic dosage chiniofon and anayodin 
gave the lowest, vioform the next lowest, and diodoquin the highest absorption 
levels of iodine. In terms of absorbability as measured by iodine intake and 
percentage recovery in the blood, vioform is the highest, diodoquin next high- 
est, and anayodin or chiniofon third highest. 

The absorption was uniform for each drug and was highest on the seventh 
day and then declined slightly by the tenth day. The drugs were not cumula- 
tive and not toxic. This proved absorption of these drugs raises the question 
of their effectiveness on amoebae deep in the walls of the intestine or in other 
parts of the body. It likewise shows that none of them are wholly nonabsorb- 
able. They probably destroy no cysts but act on trophozoites only, thus pre- 
venting cyst formation. 


93. THE EFFECT OF SERUM PROTEIN DEPLETION ON WATER AND 
SALT EXCRETION AND SENSITIVITY TO PITUITRIN 


J. S. Schaveppe, M.D. (By Invitation), and Smith Freeman, Ph.D., M.D. 

Chicago, III. 


Dogs were depleted of protein by a combination of a 4 per cent protein 
diet and daily plasmapheresis. The effect of serum protein depletion has been 
investigated with respect to (1) the excretion of water, (2) the excretion of 
chloride, (3) the extracellular fluid volume, (4) the glomerular filtration rate 
and (5) sensitivity to pituitrin. ’ 


Plasmapheresis and low protein diets decreased the total plasma proteins 
from control values of 5.5 to 7.0 Gm. per 100 ml. to 3.5 to 45 Gm per cent - 
albumin from control values of 3.9 to 2.7 to 1.31 to 1.92 Gm. per cent 

Seram protein depletion had the following effect on the don-s stiidied- m 
The time required to excrete 50 per cent of ingested water was increaserl m 
all dogs following depletion. (2) Protein depletion had no effect on the Si) v 
twenty-four hour excretion of chloride. (3) Protein clepletion rltl nnf ! Y 
to alter the twenty-four hour excretion of chloride after the nS ■ I - P , eal 

<* 50 «... per kilogram of a 0.85 per cent She aolutiom «) £ 

•Dose given : Vioform. 0.25 Gm. three times daily: aU others. 0.75 Gm. three times daUy. 


153S 


central society kok clinical research 


l)letion the extracellular fluid volume increased slightly in all dogs. (5) The 
glomerular filtration rate was reduced in all dogs. (G) The urinary suppres- 
sion produced by pituitrin was increased slightly in all dogs. (7) No gross 
edema or ascitie fluid was present on autopsy. (8) Serum protein depletion 
had little effect on the histologic appearance ol‘ the liver and kidney except for 
a loss of cytoplasm in the polygonal cells of the liver. 


94. THE DETERMINATION OK THE NLTROCEN BALANCE INDEX OF 
A NEW LYOPIIILIZED CASEIN ACID HYDROLYSATE IN 
PROTEIN-DEFICIENT PATIENTS 


William S. Hoek.man', 1VI.D., Donald D. ICozoll, -M.D., W. T. AIok, 5I.D. (By 
Invitation), and Hans Popper, .M.D., Ciiicaoo, III. 

In a study of the clinical acceptability of a new lyophilized casein acid 
hydrolysate from which some of the glutamic and aspartic acids had been re- 
moved (Amino Acids. l.C.),* nitrogen balances with progressively increasing 
quantities of Hie product were carried out in twenty patients with chronic 
protein deficiency. The material could be injected intravenously in a 10 per 
cent solution in water, saline, or f> per cent solution without reactions if the 
speed was kept below GO drops per minute. The calorie intake was maintained 
at about 2,000 calories chiefly with orally administered carbohydrate. 

Positive nitrogen balance was obtained in nineteen of the twenty patients 
studied. The nitrogen intake required to produce nitrogen equilibrium varied 
from 42 to 340 mg. per kilogram per day, averaging 129 mg. per kilogram, 
with a standard deviation of 51 per cent. The values were directly propor- 
tional to the magnitude of the nitrogen excretion on a protein-free diet, as 
Allison had found in protein-depleted dogs. 

The curve of nitrogen balance in the range of negative and low positive 
balance was found to be a reasonably good straight line in thirteen experi- 
ments. In the remaining six. straight lines could be drawn but were not so 
well defined. In the region of high positive balance, the curves tended to level 
off, indicating a ceiling of utilization. 

The slope (Iv) of these lines is the nitrogen balance index of Allison and 
is a measure of the biologic value of the protein. It averaged 0.68, with a 
standard deviation of 24 per cent. In the thirteen more precise eases, Iv aver- 
aged 0.66, with a standard deviation of 20 per cent. The nitrogen balance 
index was therefore a more consistent and more reliable measure of the 
quality of the protein than the nitrogen intake requirement at equilibrium. 
The average Iv value of 0.68 indicated a good protein product. Other experi- 
ments show that the biologic value of the protein product was still higher if 
administered orally. 

Serum protein concentrations and total circulating protein were not ap- 
preciably increased during the short period of study, results of which con- 
firmed earlier impressions that a much more intense and protracted regimen of 
protein therapy was required to alleviate severe chronic protein deficiency. 


Prepared for intravenous injection by the Interchemical Corporation. 
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95. THE EFFECT OF THE HATE OF ADMINISTRATION OF AMINO 
AO ID PREPARATIONS ON THE URINARY WASTAGE OF 

AMINO ACID NITROGEN 

* 

Charley J. Smyth, M.D.. Stanley Levey, Pir.D. (By Invitation), and 
Andrew G. Lasichak, M.D. (By Invitation), Eloise, Mich. 


Amino acid mixtures administered intravenously are tolerated at rates 
exceeding those of casein hydrolysates. This is of practical importance in 
reducing the time that the patient is kept inactive during intravenous protein 
alimentation. This study was designed to determine whether the advantages 
gained by the rapid infusion might be offset by an increased urinary loss. 
Three different amino acid preparations were studied: Preparation I was an 
enzymatic hydrolysate of casein (10 per cent Antigen); Preparation II, an acid 
hydrolysate of casein (Parenamine 15 per cent) ; and Preparation V (VUJN-9, 
Merck), a mixture of amino acids prepared by the recombination and fortifica- 
tion of fractions of a casein hydrolysate. The test dose was 500 ml., contain- 
ing approximately 5.4 Gm. of nitrogen. The amount of amino acid nitrogen in 
the urine was determined for a four-hour period in twenty-nine individuals. 

Five patients received all three preparations at a rate of 500 ml. in two 
hours; subsequently, as a control, these patients received an equal volume of 
physiologic saline. The total amino acid nitrogen loss was greater after the 
administration of Preparation I than after the other preparations. This in- 
crease was due mainly to the increased spillage of peptide nitrogen. The 
amount of amino acid nitrogen in the urine following Preparations II and V 
were approximately the same. The percentage of the administered amino acid 
nitrogen in the urine following Preparation I was 10.9 per cent ; Preparation 
II, 5.1 per cent ; and Preparation Y, 3.9 per cent. 

Ten patients received Preparations I and II at rates approaching maxi- 
mum tolerance, Preparation I being given in one and one-half hours, Prepara- 
tion II in two hours ; Preparation V was given in one hour. Usually less amino 
acid nitrogen appeared in the urine after Preparation Y, in spite of its bein'* 
given at increased rates. 

Four patients received Preparation V, first in a one-hour infusion and 
later in a thirty-five minute infusion. Three of the four patients had less amino 
acid nitrogen in the urine following the very rapid infusion than after the one- 
hour injection ; the other lost a little more amino acid nitrogen after the slow 
infusion. 


These studies show that the loss of amino acid nitrogen in the urine doe' 
not depend on the rate of the administration of the amino acid preparations 
Thus, preparations which are well tolerated may be infused at rapid rate 
without increasing the urinary spillage of amino acid nitrogen. 
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9G. TUB EFFECTS OF INFLAMMATION ON THE SEVERITY 

OF DIABETES 


Lawrence M. May (By Invitation), and Raymond Gregory, M.D. 

Galveston, Texas 

The concept that gluconeogencsis resulting from proteolysis at the site of 
inflammation enhanced the severity of diabetes mellitus was introduced by 
Menkin (1941), 

An intense inflammatory reaction was induced by the injection of 1.5 ml. 
turpentine into the pleural cavity of dogs before and after pancreatectomy. 
First hourly, then daily, blood and pleural exudate glucose determinations 
were made. In addition, nonprotein nitrogen, urea nitrogen, and amino acid 
nitrogen in the blood and pleural exudate were estimated daily. In another 
experiment glucose was given intravenously and glucose values on blood and 
pleural exudate were determined hourly. In still other experiments insulin 
or glucose Avas injected into the pleural exudate and hourly determinations of 
glucose in the blood and pleural exudate were done. 

"We found no sudden marked hyperglycemia following the production of 
inflammation. "While the glucose and nonprotein nitrogen components Avere 
higher in the diabetic than in the nondiabetic animals, simultaneous blood 
determinations showed these values to be higher in the blood of diabetic than 
in that of nondiabetie dogs. 

When Menkin ’s oavu data avci-o rearranged to show simultaneous blood 
and pleural exudate values they confirmed our findings. 

Our interpretation of our data, as Avell as that of Menkin ’s. does not per- 
mit the conclusion that gluconeogencsis occurs locally at the site of a chemi- 
cally induced inflammation in the depancreatized dog. 


97. TIDl ROLE OF 1IY ALU RONID ASE IN HUMAN INFERTILITY : 
PRELIMINARY REPORT 


Allan C. Barnes, M.D., Bennett Sai.l.ai.yn, M.S. (By Invitation), and 
J. M. Biekeland, Ph.D. (By Invitation), Columbus, Ohio 

Since the initial observation that hyaluronidasc is found in considerable 
quantities in the male ejaculate, a relationship betAvcen this enzyme and the 
process of fertilization has been postulated. While observations on human 
specimens have been made, these have, in general, been confined to men, rather 
than to the problem of the infertile couple. The present study Avas undertaken 
in an effort to determine more exactly the role of hyaluronidase in human 
sterility. 

These investigations have followed four lines: (1) The transportation 
mechanism to the Fallopian tubes of hyaluronidase deposited in the A'agina has 
been studied by tissue assay. (2) The time factor involved in such transporta- 
tion has been investigated. (3) The relative fluorescence of human ejaculate 
and of hyaluronidase preparations of testicular origin has been determined. 
(4) In infertile couples, the hyaluronidase level of the ejaculate of the men 
has been compared Avith control groups, and insemination has been carried out 
after the vaginal application of hyaluronidase. 

Methods . — 

1. Tissue assays of the Fallopian tube and the appendix removed at opera- 
tion Avere carried out in four eases to determine the base line leA r el. In four 
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nilditional 1,000 u,«U "** ^ 

to operation and assays oL the tubes .in ‘ 1 introduced intravaginally 

2. Two thousand units ot hyahuon ra exe - ised individually at known 
prior to laparotomy. The Fallopian ^ ' } with the appendix, were 

time intervals following this application ami, u, 0 ei 

assayed for hyaluromdase love . Huorescent. The degree of duo- 

3. The human mala cj«« ^ ^Vy ah ronidasa level and with dilut.ons o£ 
reseenee was compared with the i> 

hyaluronidase extracted from the ■ ■ t tcd h whom all studies of the 

4. A series of ten barren couple was sclec ^ ^ infertility . Forty-four 

wife were negative for any facto the husband's semen after prehmi- 
inseminations were carried out emi y ° Counts and enzyme titrations 
nary intravaginal introduction of the enz> • men of recent parentage, 

on the husband were compared with similai data 

Results.—- u^invonidase is an effective method of 

1. The intravaginal apphcation of hja § gram of assaye d tube was 

introducing it. The mnnbei o mechanism, however, must he by 

twice that found m the control ^oup. * ■ flsg also reveal a s h arp increase 

bloodstream absorption since the appendi Y efficient absorber of 

in the treated group. The appendix is to 1.5.) 

hyaluronidase than the Fallopian • , e intravaginal introduction of 

2. Tubes excised thirty-five mmues^afte twenty _ five minutes after 

hyaluronidase show a higher le ' interval required to reach maximum 
the enzyme was employed. The Ume inter 

tissue saturation has not been used by us is markedly fluorescent. 

3. The preparation of hya i h ^ d onidase solutions is proportional to the 
The fluorescence of P^P 1 A as no t been extended sufficiently, as yet, to 
hyaluronidase level Our se . between the fluorescence of the ejaculate 
permit a mathematical correiation between tn^^ fluorometri(J methods may 

and the hyaluronidase lev “*. ^ i eve l s . 

provide the quickest assay ' o betwcen tbe sperm counts, motility, normal 

4. The eorrelationsav kible e i s ^ d i SCU ssed. None of the patients, re- 
forms, and the tioa following the administration of hyaluronidase, 

ceiving artificial msemmation touo^ finding ru les out the possibilty of 

conceived. It is not f ^ ^ m “ chanism 0 f fertility. It does not appear, 

hyaluromdase Pby?? { hyaluronidase represents the explanation for this 

however, that a flenciem-^ » ' , 

series of unexplained infertile couples. 


98. SERUM PHOSPHATASE IN OSTEOPETROSIS 
Dwight C. Exsign, M.D., Detroit, Mich. 

t thp 138 eases of osteopetrosis (Albers-Schonberg’s disease; marble 
i i rpnnvted in the literature, no record has been found of the acid phos- 
phatase level and very few specific references to normal basic phosphatase 

aie q £ os teopetrosis who also showed evidence of two other congenital 

'nathies (osteopoikilosis and melorheostosis), occurring in a man of 57 
mars 1 has been studied in detail, clinically, roentgenologieally, and in the labo- 
$ ' p 01 . nearly two years repeated determinations have been made of 

serum alkaline and acid phosphatase. The basic phosphatase has always been 
in the normal range. The acid phosphatase has, with a single exception, been 
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consistently elevated. On four occasions (inures of 10. 10.8, 12.1. and 12.!? 
King-Arms! voug units were obtained — a level considered as diagnostic for car- 
cinoma of the prostate which has broken through the capsule of the "laud. 
However, serial sections of prostatie tissue removed by transurethral resection 
showed no evidence of malignancy in this patient. 

Only one instance has been previously reported in which a .significant 
elevation of blood acid phosphatase has occurred unassociatod with carcinoma 
spreading from the prostate. This was in an LS-year-old girl with hyperpara- 
thyroidism who had a greatly increased basic phosphatase at the time. It is 
granted that radiographic evidence of osteoblastic metastatic lesions from 
carcinoma of the prostate might well be concealed by the widespread con- 
densing or sclerosing osteopathy found in osteopetrosis. However, the likeli- 
hood of one individual having two conditions, one moderately uncommon and 
the other extremely rare, docs not seem great. 

The purpose of this communication is to urge that whenever a case of this 
very rare congenital hone disorder, osteopetrosis, is encountered, observations 
of serum acid phosphatase he made in an effort to evaluate the findings in 
this one patient. 


99. CEREBROSPINAL FLUID ST FOIES IX ARTHRITIS 


Mauml’k IIardurove, M.D., • f osi-mu Fuui.oxu, M.l). (By Invitation), 
Gkoiuie Mprhiy, 11. 1). (By Invitation), ^Milwaukee, Wjs. 

Cerebrospinal fluid examinations were made in twenty-one patients having 
various types of arthritis. 

There were ten patients in the group who had rheumatoid arthritis; one 
of these also had rheumatoid spondylitis. Although the ages in this group 
varied from 23 to IK) years, all of the patients had active lesions and elevated 
sedimentation rates. The duration of the illness was from two months to 
twenty years, and a variety of joint deformities were manifest. In one there 
was a mild disturbance in the colloidal gold curve. This was the most acute 
and severe ease seen during the study. Three of the patients had spinal fluid 
proteins above 30 but none were above 40 mg. per 100 milliliters. One fluid 
showed a slight increase in globulin. The patient who had rheumatoid spondy- 
litis in this group showed normal spinal fluid findings. 

In five additional patients having rheumatoid spondylitis there were no 
colloidal gold curve changes; one showed a slight increase in globulin. 

No abnormal gold curves were found in four patients with severe osteo- 
arthritis of the spine. In one of these the total protein was elevated to 50, 
though the Qucckenstedt was normal. 

One patient with librositis (muscular rheumatism) with an elevated sedi- 
mentation rate showed no spinal fluid changes. 

One patient was considered to have psychogenic rheumatism and showed 
no spinal fluid abnormalities. 

The blood serology and the spinal fluid Wassermann reactions were all 
negative. The fluid was clear and sterile in all eases and in no ease was the 
cell count above 5. 

The spinal fluid findings have not been instructive in this small group of 
patients. 
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100. CYTOLOGIU STUDIES OF SPUTUM IN BRONCHOGENIC 

CARCINOMA 


Thornton Scott, M.D., Lexington, Ky. 

Since April, 1040, various hotly lluids have been subjected to cytologic 
study by the method of Papanicolaou. 

Sputum from ninety patients with pulmonary lesions has been examined. 
A brief outline of the methods employed in preparation of specimens is pre- 
sented. 

Positive findings of carcinoma were reported in twenty-three eases. In 
seven cases confirmation was obtained at autopsy or exploration. Bronchial 
adenoma rather than carcinoma was found at exploration in one instance and 
tuberculosis in another. In eleven eases presumptive confirmation was ob- 
tained from roentgenographie findings, clinical course, and death. Subsequent 
course is unknown in three eases. In four eases the sputum was considered 
suspicious and on further study it was concluded that squamous metaplasia of 
the bronchial epithelium had resulted from an irritative focus overlying a 
calcified bronchial node or from bronchiectasis. 

Certain diagnostic pitfalls are discussed. 

It is concluded that cytologic examination of the sputum when carefully 
carried out by an experienced observer ean be a valuable aid in the diagnosis 
of bronchogenic carcinoma and can give positive results when bronchoscopy 
has failed and other studies are inconclusive. 


101. CHRONIC BILATERAL BASAL PULMONARY FIBROSIS: 

CLINICAL STUDY 


T. D. Johnson, M.D. (By Invitation), and Ben E. Goodrich, M.D. 

Detroit, Mich. 


A study has been conducted of the etiology and course of basal pulmonary 
fibrosis as revealed by x-ray in ninety-nine patients. Special examinations in- 
cluded chest x-ray, electrocardiogram, sputum studies, and vital capacity. 
When advisable, bronehograras, bronchoscopies, allergy studies, venous pres- 
sures, and circulation times were obtained. Patients with sinus' or oral infec- 
tions were excluded. Diagnostic effects of antibiotics were utilized In sus- 
pected eases, treatment for congestive heart failure or allergy was helpful in 
diagnosis. D 


The studies revealed that the x-ray finding of bilateral basal fibrosis was 
associated with specific conditions in eighty-one patients. The causative fae 
tors were congestive heart failure, bronchiectasis, basal pneumonitis pulmo- 
nary artery sclerosis, lymphogenous dissemination of gastric carcinoma infil 
trative bronchogenic malignancy, inhalation diseases, cystic fibrosis of the 
pancreas m children pulmonary emphysema, bronchial asthma, and fibres s 
secondary to x-ray therapy. Fungus disease was not discovered 
resulted from continued use of a tracheal airway. Also none was’ rebS J T 
chrome nephritis, idiocy, mental deterioration, or prolonged ^ t0 

Abdominal compression was associated with basal lurm il lZ i iv 

No specific etiology was established in eighteen mth n a 
The period of observation extended from six months tf!! ( ' 18 cent )- 
tionts had cough, basal riles, and bilateral basal Pulmona^fibi^s 
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were women and seven were men. The average age was 56 years, with ex- 
tremes of 43 and 73 years. Handicapping dyspnea was present in eleven. 
Fever was known to be present at the onset in three. It occurred intermit- 
tently in three others. Four electrocardiograms showed minor abnormalities. 
Left bundle branch block occurred once. In one case l(i per cent eosiuophilia 
occurred during a period of fever. Reproduced chest x-rays revealed different 
degrees of iibvosis. In two instances improvement in the x-ray findings was 
noted. In one of these, lung puncture was done six years ago. 

This subject is presented in the belief that increased and improved diag- 
nostic efforts will result in the discovery of specific etiologies. Lung puncture 
may be justified. Possibly pulmonary artery sclerosis is the principal unrecog- 
nized factor. Some eases represent chronic recurrent infections. Exogenous 
nutritional deficiency was not suggested by these studies. Thyroid, pancreatic, 
or other endocrine abnormalities may prove to be of importance. Disturbed 
tissue metabolism with exudation and proliferation in excess of absorption and 
drainage may be a factor. The one consistent feature is age with its increased 
tissue vulnerability. 


102. FEVER Til KRAI* Y IN HERPES ZOSTElt 


Clarence Bernstein, M.D., and S. D. Ki.otz, M.D. (By Invitation) 

Orlando, Fla. 


True herpes zoster is generally considered as caused by a varicella-like 
virus involving one or more posterior root ganglia resulting in pain and inflam- 
mation of the corresponding dermatomes. However, any of several diseases 
which involve the dorsal ganglia in an inflammatory process may give rise to 
“shingles" and it is important to differentiate this symptomatic group. Other 
nerves, notably the trigeminal, may he affected. 

The typical evolution of the lesion and its specific characteristics are well 
known, and the therapy of the condition lias been polypragmatic, with varying 
and sometimes indifferent results. 

The nature of the causative agent as well as the site of the lesion suggested 
fever therapy. This was produced by mixed typhoid vaccine injected intrave- 
nously. A temperature of 102 to 106° F. was sought, preferably the latter. 
Usually this was preceded by a shaking chill. 

Six of eight patients with true herpes zoster have been so treated, with 
striking benefit. If treated early, pain disappears promptly and the skin lesions 
quickly involute. No postherpetic pain has been encountered in the group. 
The lesions treated were primarily on the chest or the abdomen, although one 
involved the supraorbital nerve and another the superior cervical. 

The selection of cases is important. Elderly individuals, or those with 
symptomatic herpes, should not be so treated. Late or well-established cases are 
likely to have a less favorable outcome. There have been no untoward results 
and postfebrile herpes labialis has been the only complication. Vitamin B, has 
had little effect in modifying or preventing this. However, the slight discom- 
fort entailed is more than offset by the prompt relief of the neuritie pain. Arti- 
ficially induced fever appears to have a definite place iu the therapeutic 
armamentarium of true herpes zoster. 



DKOCEEDINCI.S 01’ TWENTIETH ANNUAL M ULTINC! 


1545 


103. CLINICAL OBSERVATIONS ON THE USE OF THEPHORIN 
(NU-1504) : A NEW ANTIH ISTA.M [NIC AGENT 

John L. Reynolds, M.D. (By Invitation), and Bayard T. Horton, M.D. 

Rochester, -Minx. 


Thephorin is a new antiiiistaminic agent, originally known as NU-1504, 
which has been developed in the Roche Research Laboratories. 

It is a polycyclic amine, the empiric formula of which is C X8 H 19 N (2-methyl- 
9-phenyl-tetraliydro-l-pyridindcne). It belongs to a heretofore unknown class 
of compounds. The tartrate which we have used in this study is soluble in 
water and in a 2 per cent aqueous solution ; its pH = 5. 

Experimental studies in animals demonstrate the antagonism to histamine 
by (1) abolition of histamine-induced contraction in the isolated guinea pig 
intestine; (2) relaxation of spasm resulting from treatment with acetylcholine 
or barium in the rabbit intestine; (3) prevention of broncheolar contraction and 
convulsions in guinea pigs exposed to histamine spray; (4) prevention of the 
hypotensive effect of histamine given intravenously in cats; and (5) reduction 
in size of wheals produced by intradermal injection of rabbits or human sub- 
jects. Studies for toxicity show that the dosage of thephorin which was fatal 
to 50 per cent of animals compares almost exactly with that of benadryl but 
that thephorin is less toxic than pyribenzamine. There is no evidence of chronic 
toxicity in animals. 

The purpose of our study has been to investigate the use of this agent in 
subjects with symptoms thought to be due in whole or in part to the release 
of II substance. To date, we have treated fifty-two patients with thephorin. 
Of this group, thirty-two showed evidence of definite improvement and twenty 
showed no improvement. 

In eighteen patients with hay fever, fourteen reported excellent results 
on a dosage of 100 mg. daily. Of these, only twelve were relieved by benadryl 
but had to discontinue its use because of a hypnotic effect. Thirteen were re- 
lieved by pyribenzamine but stopped taking it because of gastrointestinal symp- 
toms. Four of our patients did not have their symptoms adequately controlled 
by thephorin, although the dosage was 200 mg. daily. Three of the four subjects 
also failed to obtain relief with benadryl and pyribenzamine. Nine patients with 
vasomotor rhinitis were treated, and four had excellent results with clearing of 
the rhinitis and sinusitis. The remaining five had no improvement. Of six 
patients with chronic urticaria, one patient showed improvement and five showed 
no change. In four patients whose urticaria was on the basis of a physical 
allergy, two experienced excellent results, _ and in the other two no evaluation 
could be made. Six patients with histaminic cephalgia were treated. Two of 
them had definite improvement. Five patients with migraine and nervous ten- 
sion headaches were given thephorin; only one of them reported good results 
One patient with Meniere’s disease was not benefited. One patient with Rav 
naud’s disease, one with erythromelalgia of the hands, and one with dermo 
graphia showed improvement. 


No serious toxic symptoms have resulted from the use of this drug One 
patient complained of drowsiness In two patients treated over a period of ten 
months, the results of routine laboratory studies remained unchanged 

This study indicates that thephorin is a useful drug for the treatment of 
edema problems m which the etiologic factor is probably the release of H snh 
stance. Our comparison of this agent with benadryl has demonstrated that some 
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patients will respond to thcphorin when they do not res])ond to henadryl, that 
the dosage required for the control of symptoms was at least 50 per cent less, 
and that there is an absence of unusual toxic symptoms. 


104. 


TIIE TREATMENT OF MIGRAINE WITH HISTAMINE: 
.REVIEW OF 144 CASES 


Dorothy Macy, M.D. (By Invitation), and Bayard T. Horton, M.D. 

Rochester, Minn. 

One hundred forty-four patients with migraine were treated with histamine 
therapy at the Mayo Clinic between 1937 and 1945. These patients have been 
divided into two groups, one of which includes 124 patients treated prior to 
June, 1945, and the other, twenty patients treated during the period from June 
through September, 1945. The eases in each series were classified as typical 
or atypical migraine. Histamine was administered intravenously, subcuta- 
neously, or by both routes. It was not supplemented by any other type of 
therapy. 

Statistical analysis of data on these eases has shown that the migraine 
syndrome of 23 to 33 per cent of patients was unchanged by histamine therapy. 
The syndrome of 33 to 50 per cent of patients with typical migraine, and that 
of 40 to 66 per cent of patients with atypical migraine, showed significant im- 
provement during treatment by the intravenous route. Approximately 60 per 
cent of migrainous patients, irrespective of the type of migraine, showed 
significant improvement during the period of subcutaneous administration of 
histamine. When histamine was administered by both routes, 70 to S5 per cent 
of patients with typical migraine and 75 to 100 per cent of patients with 
atypical migraine showed significant improvement during treatment. 

Of the eighty-eight patients who exhibited improvement during the period 
of treatment, and on whom follow-up data were complete, eightv-five experienced 
a recurrence of the migrainous attacks when the dose of histamine was decreased 
below an individual critical level. The three patients who had not experienced 
a recurrence of their attacks of migraine were still taking histamine subcuta- 
neously at the time they reported to its. A tendency was noted for typical 
migraine to be more refractory to treatment with histamine and to recur sooner 
after such treatment than atypical migraine. 

There appeared to be no constant relationship between either the total 
dosage or the maximal single dosage of histamine base and the degree or dura- 
tion of abatement of the migraine syndrome. It was found that migrainous 
patients, in general, tolerate ten times more histamine base in a single amount 
administered, by the intravenous route than by the subcutaneous route. In 
migrainous patients there appeared to be a qualitative as well as a quantitative 
difference between the effects of histamine administered intravenously and when 
it was given subcutaneously. 

The use of histamine may prevent some attacks of migraine in certain cases. 
The duration of such an effect seems to parallel the duration of administration 
of adequate amounts of the drug. Histamine does not appear to be specific 
in the treatment of migraine. 
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Therox Cr. Randolph, M.D., Chicago, I 1 - 1 - 

The voracious appetite of the patient rto a^arettUy teomes obese as a 

result of eating an e»miv, “ ^.Itol -nervous” 

variously as due to habit, the giM ‘ f not considered in respect to obesity, 

to eat frequently observed in certain patients 

with chronic food allergj . i. i .... 

by a progressive increase in s J P . a ii e \-oic at such frequent intervals 

reactions by eating the foods o t . and°10:00 p.m. and occasionally 

as for instance at 10:30 ^ three reSilar meals. Without such interval 
during the ’ “f ^^f^inclhied to develop midway between their regular 
ieedings tl t p „ , followiu 0- svmptoms: a gnawing hunger sensa- 

to concentrate, 'somnolence, en- 

those to Vhich \her e is the highest incidence of sensitmty ; namely, corn, wheat, 
and milk all of which, incidentally, are also high m calones. , , 

It is exceedingly difficult for these patients with uncontrolled masked 
food alli-4 to adhere to a reduction diet; the majority of obese patients seen 

have previously failed to do this. . . + 1 ^ + . . , 

TTnpt 7 Pl’s theory, that excessive appetite is associated with tissue hydration, 
finds su-mstive confirmation in these individuals, for the avoidance of masked 
food allergens is often followed by a diuresis, the disappearance of clinical evi- 
dences of "edema, and a sudden decrease m weight, all of which are associated 
with the cessation of the abnormal appetite and an improved ability to follow 
through on a reduction diet. 


106. THE INCIDENCE OF ALLERGY TO MAJOR FOODS 

Therox G. Randolph, M.D., axd Leoxa B. Yeager, M.D. (By Invitation) 

Chicago, III. 

Two hundred consecutive eases suspected of food allergy and studied by 
means of individual food tests with com, wheat, milk, and eggs were selected 
front the private practice of one of the authors and subjected to analysis. Each 
patient was fed a single test food under fasting and basal conditions after a four- 
tlav preparatory period during which the food to be tested was completely 
avoided. The incidence and severity of all symptoms were recorded per unit 
of time prior to and after experimental feeding, each patient remaining under 
observation for two hours. Total leucocyte determinations were performed prior 
to and at twenty-minute intervals following the experimental feeding of the 
first of two doses which were given an hour apart. 

Tiie presence of an unmistakable symptom response in association with the 
food test represented the prime criterion for diagnosis ; the presence of a leuco- 
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penia of 10 per cent or greater occurring in any of the postingestive determina- 
tions was regarded as presumptive evidence of sensitivity. Each instance of 
leucopenia occurring in the absence of symptoms was checked by the cumulative 
ingestion of the food in question. 

In the first 100 eases corn sensitivity was diagnosed by feeding canned 
corn or corn meal gruel. In the second group of 100 eases corn meal gruel plus 
corn sugar was used as the test food. The results of these two series indicate that 
the addition of com sugar increases the incidence and severity of allergic symp- 
toms occurring during the course of experimental food tests for detection of 
corn sensitivity. 

The data indicate that corn sensitivity ranks in incidence with that of 
wheat and is followed closely by milk and eggs in the order named allergy to 
corn being present in eighty-seven cases, wheat in eighty-five, milk in seventy- 
five. and eggs in sixty-seven. 

Patients cannot be depended upon to detect sensitivity to a major food 
allergen. In this series a major food was suspected correctly of causing current 
allergic symptoms in only 8.0 per cent of the cases. 

The high incidence of corn sensitivity shown by these data make it im- 
perative that corn allergy be considered in all cases suspected of food sensitivity. 
It is significant that practically all diagnostic elimination diets widely employed 
in the past have not completely eliminated corn as an allergen. 

107. GELATIN AS AN ALLERGEN 
Therox G. Randolph, 3I.D., Chicago, III. 

In view of the reported nonantigenicity of ossein gelatin and the fact that 
beef gelatin solutions arc commonly used intravenously as plasma substitutes, 
it is of interest to know that even highly refined ossein gelatin preparations may 
produce symptoms when ingested by beef sensitive patients. 

Four patients with beef sensitivity, each diagnosed by the production of 
acute allergic symptoms during individual food tests with beef, were subjected 
to individual food tests with commercial Gelatine 0 and Gelatine 0 employed for 
intravenous use. 

The experimental ingestion of Gelatine (ossein) dissolved in water and taken 
fasting in two doses of !4 ounce each an hour apart was associated with the 
following reactions : 

Controls 

Four patients known not to lie beef sensitive — no reaction 
Beef-Sensitive Patients 
Case 1. — No reaction 

Case 2. — Nasal stuffiness, chilliness, dizziness, abdominal distention, and 
cramps 

Case 3. — Fatigue, headaohe, tinnitus, abdominal distention, nausea, vomit- 
ing and diarrhea — the latter persisting two days 
Case 3. — Violent paroxysms of sneezing, followed by nausea and severe head- 
ache 

•Supplied through the courtesy of the Chas. B. Knox Gelatine Co. 
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The experimental ingestion o£ 15Q ml. and one hour later 1 5 ml. of Gelatine 
of beef origin prepared for intravenous use was associated with the following 
reactions : 


Case 1. — No reaction 

Case 2.— Nasal stuffiness, chilliness, scotomas, somnolence, anil abdominal 
distress 

Case u. — Chilliness, muscle aching, marked fatigue, indigestion, headache, 
and delayed peripheral edema 

Case •}. — Not subjected to this test because of the violent nature of reaction 
to beef and to commercial gelatin. 


It is of interest that the beef sensitivity in each of these eases was com- 
pletely masked and was not suspected by any patient in spite of the high degree 
of sensitivity which existed. Inquires of undiagnosed patients as to whether 
or not they are known to he beef sensitive are usually worthless. 

Pork sensitivity did not exist in any of the four patients studied as de- 
termined by compatible individual food tests with pork (complete absence 
of symptoms and a trajectory curve of leucocytosis.) In each instance com- 
mercial porcine Gelatine was tolerated in individual food testing without symp- 
toms. 


108. THE ELECTROENCEPHALOGRAM IN TUMORS OF THE 

POSTERIOR FOSSA 


Reginald G. Bickford, M.D., and Edward J. Baldes, Ph.D. 
Rochester, Minn. 

(Introduced by Grace M. Roth, Ph.D.) 


The eleetroencepbalographic findings in a group of fifty predominantly 
adult persons who had tumors of the posterior fossa can be classified as follows : 
(1) normal records in 6 per cent of eases; (2) paroxysmal rhythms with fre- 
quencies of 3 to 7 and 18 to 22 cycles per second, with a tendency to repetitive 
wave forms and synchronous activity from all parts of the head in 56 per cent, 
and (3) a less uniform group showing continuous delta rhythms with a fre- 
quency of 2 to 6 cycles per second and delta foci unrelated to the site of the 
tumor in 38 per cent of cases. 

Many of the characteristic abnormalities were seen to advantage in 
transverse leads from homologous parts of the scalp. For instance, in 65 per 
cent of all records abnormal waves were noted in the interear lead. 

The alpha rhythm showed a marked instability of frequency (in excess of 2 
cycles per second) in 42 per cent of the whole group, whereas in another 14 per 
cent the alpha rhythm was completely disorganized by delta waves. A fast 
activity with a frequency between 18 and 22 cycles per second, either continuous 
or in episodes, was present in 20 per cent of records. A further characteristic 
feature was the inhibition of abnormal activity when the patients opened then- 
eyes. This occurred in 60 per cent of eases. 


The group of records which showed paroxysmal rhythms is interesting since 
the majority of tracings were indistinguishable from those seen in cases of 
epilepsy; even the classical wave forms were reproduced. These rhythms how- 
ever, cannot lepresent true epileptic activity since clinical epilepsy from' these 
tumors is almost unknown. J Ui “ e 
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The resemblance might be explained on the basis of a common diencephalic 
origin for the rhythms of epilepsy ami those associated with tumors of the 
posterior fossa. In the latter case, expansion of the third ventricle which is 
known to be an early event in the progress of tumors of the posterior fossa 
presumably would initiate the diencephalic disturbance. 

From the diagnostic point of view, it is suggested that the occurrence of 
a rhythm typical of epilepsy in the tracing from a patient without previous or 
family history of epilepsy should arouse a suspicion of tumor of the posterior 
fossa. 


109. PERNIO: AN INSTANCE OF APPARENT RECOVERY 


Douglas Dkkds, M.D., M.S., Dknvkk, Ooi.o. 

This rare case is being reported because of several interesting features. 
In 193S the patient, a white woman, 3G years of age, experienced following ex- 
posure to cold the onset of recurrent attacks of painful, disfiguring skin lesions 
on the ankles and lower extremities only. From that time until seen by the 
author in 1942 a variety of utterly ineffective therapeutic regimes had been 
tried. The author advanced the diagnosis of pernio in April, 1942. Subse- 
quent corroboration by Dr. Irving S. Wright and by the vascular section of the 
Mayo Clinic was greatly appreciated, and the assistance so generously offered 
by these two sources was of inestimable value. 

Otherwise the patient was very healthy. Repeated and exhaustive studies 
failed to reveal any other pathology. Many ineffectual therapeutic agents 
had been tried. The author urged sympathectomy and used intravenous typhoid 
vaccine temporarily since it hastened regression of the unsightly blemishes. No 
permanent effect of any sort was noted following this form of therapy. 

In April, 1943, bilateral sympathectomy was performed. Satisfactory 
interruption of the sympathetic pathways to the lower limbs was proved by post- 
operative sweating, etc., tests. Despite this the results were unsatisfactory 
for the recurrent lesions continued to appear upon exposure to cold. The only 
apparent effect of sympathectomy on the pernio lesions was to accentuate the 
severity of the pain associated with the lesions. Kodachrome slides demon- 
strate the lesions before and after sympathectomy. 

In an attempt to assist the patient with her distressing problem another 
theoretical approach was followed. Fractional gastric analyses revealed hypo- 
clvlorhydria. Dilute hydrochloric acid administered orally thrice daily during 
meals controlled long-standing, mikl, gaseous indigestion. The patient felt 
that there was some beneficial effect ou the ease of precipitation and severity of 
the pernio lesions. 

Histamine desensitization was then undertaken. The initial dose was 0.05 
mg. of actual histamine base subcutaneously thrice weekly with gradual increase 
over a two-month period to 0.35 milligrams. Excessive reaction then necessitated 
reduction in dosage. A maintenance ration of 0.2 mg. thrice weekly was main- 
tained until the end of cold weather. Despite continued residence at a mile high 
altitude and repeated and often intentional exposures to cold, no new lesions 
appeared. 

The author wishes to emphasize the need for further investigation of pernio 
and that sympathectomy was utterly ineffective in this case. An apparently 
successful therapeutic program is described. 
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CIRCULATORY RESPONSES TO SPINAL AND CAUDAL ANES- 
THESIA IN HYPERTENSION: RELATION TO THE 
EFFECT OF SYMPATHECTOMY 


I. Effect on Arterial Pressure 

Robert D. Taylor, M.D., Robert Bircii all, M.D., A. C. Corcoran, M.D., 
and Irvine II. Page, M.D., Cleveland, Ohio 


In 1914 we reported before this Society the effects of high spinal anesthesia 
on arterial pressure and renal circulation in patients suffering from essential 
hypertension. In most of them induction of anesthesia resulted in a decrease 
in arterial pressure. On the assumption that the effects on the circulation of 
high spinal anesthesia were, in large measure, similar to those resulting from 
sympathectomy (lumbodorsal sympathectomy and ganglioneetomy), we sug- 
gested that the response of arterial pressure to high spinal anesthesia might aid 
in selecting patients for this operation. Caudal anesthesia differs from spinal 
anesthesia in that it does not paralyze the nerve supply of voluntary muscle. 
Since it paralyzes preganglionic sympathetic fibers, the denervation is very 
similar to that of sympathectomy. Such considerations led Russek, Southworth, 
and Zohman to the conclusion that high caudal anesthesia caused reduction in 
blood pressure in many patients suffering from hypertension which paralleled 
the effect on arterial pressure of subsequent surgical sympathectomy. They 
recommended measurement of arterial pressure during high caudal anesthesia as 
a guide to selection of patients for sympathectomy. 

The purpose of this report is to examine the relationship between the effect 
on arterial pressure of high spinal or caudal anesthesia and the effect of subse- 
quent sympathectomy by the technique of Smithwick. 

The effects of caudal and spinal anesthesia on arterial pressure in hyper- 
tensive patients are similar. Among forty-three patients, marked decrease 
in pressure was observed during anesthesia in forty. Blood pressure was 
persistently decreased by lumbodorsal sympathectomy and ganglioneetomy in 
twelve of these patients. The three patients whose arterial pressures were not 
decreased by anesthesia were similarly unaffected by operation. 

It is concluded that the blood pressure response to spinal and caudal anes- 
thesia has no more than negative value in the selection of patients for sym- 
pathectomy. The discrepancy between the effects on arterial pressure of spinal 
or caudal anesthesia and sympathectomy may be due to the great difference 
in time during which the effects are observed or to a difference in the type of 
denervation which each of them causes. 


111. PROTEIN METABOLISM IN RHEUMATOID ARTHRITIS 

William D. Robinson, M.D., and Walter D. Block, M.D., Ann Arbor, Mich. 

Nitrogen balance studies were carried out on eight ambulatory and afebrile 
patients with rheumatoid arthritis and on two normal subjects. Attention was 
centeied on the degice of nitrogen retention following change from a low nrnfpin 
<% kilogram of My weight) to a high protein intake (2 Gm per £ 

gram of body weight) Diets were constant for successive three-day periods and 
observations were made for at least three periods at each intake level falnr 

taSSST"* “* P ' mi,,ed orincreamt in weight 
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At the lower intake level all subjects were in slightly negative or neutral 
nitrogen balance. The normal subjects showed definite nitrogen retention 
during the first few days after change to the high protein intake. The response 
of the patients with rheumatoid arthritis to the increase in dietary protein 
varied and may be classified in three groups as compared with the controls. In 
four of the eight, the degree of nitrogen retention did not differ significantly 
from that of the normal subjects. In two arthritic patients, the magnitude of 
nitrogen retention and its duration appeared greater than in the controls. The 
remaining two arthritic patients retained very little nitrogen during the first 
few days of high protein feeding. The pattern of the nitrogen retention did 
not appear related to the severity or duration of the arthritis. Greater than 
normal retention occurred in the patients who were most markedly under- 
weight. 

Nitrogen balance was followed on one additional underweight patient with 
rheumatoid arthritis during a three-month period on a constant diet supplying 
a liberal caloric and protein intake. The degree of nitrogen retention was not 
in excess of that expected to accompany the weight gain which occurred. 
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Gold reaction, a test fluid for control of, 579 
Gramicidin or penicillin, antibacterial activity 
of minute quantities of, method 
for showing, H 36 

Growth curves, streak plate method for deter- 
_ mining, U39 

Guinea pig serum, albumin-globulin ratio in, 
micromethod for determination of 
1500 9 

pigs, complement of, effect of pregnancy 
on, 287 to j 
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II 

Heart block, partial, hyperparathyroidism 
and, 1S5 

disease, congenital, arterial oxygen satura- 
tion at rest and during exercise, 
1508 

failure, congestive, oral mercurial diuretics 
in ambulatory patients with, 151-1 
rates of sodium turnover in patients 
with, and in normal subjects, 1169 

isolated, perfused mammalian, failure of, 
to destroy renin and angiotonin, 
1482 

rate in rat, determination of, 1284 

Heat and formalin, influence of, upon Mi 
agglutinogen, 178 

Hematopoiesis in bone marrow of nits recover- 
ing from nutritional anemia, ?5ti 

Ilemoglobinemia and pH of urine, relation- 
ship of, to renal damage produced 
by injection of hemoglobin solu- 
tions into dogs, 228 

Hemolytic streptococci in Maeaeus rhesus, role 
of phagocytosis in resistance, as 
related to age of granulocytes fol- 
lowing primary and reinfection 
studies with, STS 

Hemorrhagic telangiectasia, hereditary, in as- 
sociation with cerebral manifesta- 
tions and pulmonary arteriovenous 
aneurysm, 1401 ' j 

Heparin, assay of, 001 

neutralization of, with protamine (sal- j 
mine), 1800 

tolerance test, coagulation time of blood ; 
heparinized in vitro, correlation of 
results with, 10S7 

Hepatic dysfunction, colloidal red test for 
study of, 1273 

function in infectious mononucleosis, 1523 

neoplasm, malignant, needle biopsy of liver 
in patients with, 1524 

Hepatitis, chronic and acute, methionine in 
treatment of, 1525 

infectious and toxic, pathologic and clinical 
manifestations, 1524 

without jaundice in infectious mononucleo- 
sis, 320 

Herniorrhaphy, convalescence following, 
studies on, 31l) 

Herpes zoster, fever therapy in, 1544 

Heterophile antibody determination, simplified 
‘ ' qualitative ” method for ( using 
capillary blood and a white cell 
pipette, 12 7S 

Histamine antagonists, 47, 1370 

blood coagulation during intravenous injec- 
tion of, 1432 

test for pheochromocytoma, further studies 
with, 1510 

treatment of migraine with, 1546 

Hyaloplasm, mitochondria and their relation 
to so-called, 700 

Ilyaluronidase, role of, in human infertility, 
1540 

Hyperparathyroidism and partial heart block, 
185 


Hypersensitive carotid sinus syndrome, effects 
of tetraethyl ammonium chloride 
on a mixed type of, 1401 
individuals, blood pressure of, effects of 
diet of rice and fruit juices upon, 
1500 

Ifypersplenic mechanism in human disease 
syndromes, further studies of, 1309 
Hypertension, renal, 221 (B. Kev.) 

present status of therapy of experimen- 
tal, 327 

spinal and caudal anesthesia in, circulatory 
responses to, 1421, 1551 
Hypertensive patients pre- ami postsympa- 
theetomy, twelve-year study of, with 
reference to renal pathology, 1509 
state, vasomotor tone in, studies on, 141S 
Hypertensive-ischemic ulcers, 328 
Hyperthvroid conditions, ventricular gradient 
in, 1516 

Hyperthyroidism, differentiation of incipient, 
1118 

Hypoproteinemia due to nutritional deficiency, 
serum proteins in, 130 

nvpoprothrombinemms, congenital familial, 
1424 

I 

Infections, acute, scrum proteins in, 1002 
Intlucnza B in Needham, Massachusetts, De- 
cember, 1945, 307 

study of a localized outbreak preceding 
the 1915 epidemic, 832 
epidemic, during spring of 1947, results 
ol‘ vaccination against, 1410 
Inorganic phosphorus and phosphatases in 
normal and human scrum, 194 
Instrument for recording multiple pressures 
in man, 921 

Insulin depression and carbohydrate excita- 
tion of pancreatic islets of Longer- 
Iians, Mil 

tnulin in plasma and urine, determination of, 

1 159 

Iodine absorption of anavodin, ehiniofon, 
diodoquin, and vioform in man, 
comparative studies on, 1537 
Ionizing radiation, morphologic changes in 
lymphocytes of persons exposed to, 
1045 

Iron therapv, benzidine-negative stools dur 
iiig, IS] 

J 

Jaundice, direct-reacting type, experimental 
production of, by injection of a 
preparation of direct-reacting bili- 
rubin, 321 

serum biliverdin concentration in various 
types of, study of, 481 

K 

Ketones, insoluble, clinical studies of, as in- 
* testinal antiseptics, 3531 
Kidney, Murray artificial, experiences with, 
1434 
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L 

Laboratory methods, 76, 196, 296, 444, 5-13, 
901, 1008, 1196, 1266, 1378, 1490 
Lactation biotin during, utilization of, 1162 

pantothenic acid during, utilization of, 11 54 
Lactobacillus casei factor, occurrence of com- 
bined system disease in persons 
ivif/i pernicious anemia during 
treatment witli, 625 

synthetic, effect of, on blood changes 
induced by gastrectomy in rat, 625 
Lcucemia, effect of urethane on, 1394 
Leucocyte granules, studies on, after staining 
with Sudan black B and Mav- 
Griimvald Giemsa, 155 
Leukemia, induction of, in eight inbred stocks 
of mice varying in susceptibility 
to spontaneous disease, 720 
Lipoid nephrosis, 1495 

Liver, biopsy of, in patients with active 
Brucellosis, 315 

cirrhosis of, life expectancy of patients 
with, effect of choline, methionine, 
and low fat diet on, 1522 
prognostic value of biopsy in, 1520 
disease, endogenous hypovitaminemia A in, 
treatment of, 1403 

extract, effect of, in urinary phenols in 
normal subjects, 1248 
needle biopsy of, in patients with malignant 
< hepatic neoplasm, 1524 

structural and functional alterations of, 1 
relation between, 318 

'Lygraaum, evaluation of complement fixation 
test with, 1060 

Lymphocytes, morphologic changes in, of 
persons exposed to ionizing radia- 
tion, 1045 

Lymphoeytogenesis in human lymph nodes, 
777 

Lymphogranuloma venereum, studies on, 1060 

Lymphoid system, diseases of, colloidal gold 
containing radioactive isotope 
An 198 in selective internal radia- 
tion therapy of, 1437 

tissue, alterations produced in, by pituitary- 
adrenal cortical secretion, evalua- 
tion of, 584 

Lyophilized casein acid hydrolysate in pro- 
tein-deficient patients, a new, de- 
termination of nitrogen balance 
index in, 1538 

51 

Maclagan, thymol test of, standardization and 
adaptation to Evelyn photoelectric 
colorimeter, 1266 

Magnesium in body fluids, photoelectric de- 
termination of, 1027 
Malaria, effect of oxygen on, 57 
parasites, staining, simple method of, 89 
Malarial and artificial fevers, biochemical 
studies during, 508 

Malnutrition, atrophic gastritis and, 15»l 
Mammalian heart, isolated perfused, failure 
of, to destroy renin and amrioto- 
mn, 1-JS2 “ 


Manganese dioxide and gold, colloidal sols 
of, studies of distribution of in- 
travenously administered in human 
beings and dogs using radioactive 
isotopes, 274 

Mannitol: kinetics of distribution, excretion, 
and utilization in liunian beings, 
1192 

Measles, German, during pregnancy, effect of, 
1536 

Medical jurisprudence and toxicology, 34 S (B. 
Hev.) 

Megaloblastic anemias of infancy, changes in 
bone ntnrroiv hi, before and after 
folic acid therapy, 1217 
Melttnuria, effect of tyrosine, tryptophane, 
and thiourueil on, 1254 
Mercurial diuretics , comparison of acute car- 
diac toxicity and effect of ascorbic 
acid on detoxification in their in- 
travenous administration, 313 
Metabolism of women during reproductive 
cycle, 1454, 1402 

Metaeliromatic staining of mucus in tissue 
sections and smears, permanent, 
905 

Methionine, effect of, on urinary nitrogen in 
human beings at normal and low 
levels of protein intake, 322 
in treatment of hepatitis, 1525 
Methylated xanthines, effect of, on clotting 
time of blood, 28 

Methyl-bis (beta-chloroethyl) amine hydro- 
chloride therapy, result of, 1431 
Microanalysis of opiates by x-ray' diffraction, 
94 

Microburettes, Mohr type of, microscrew 
clamp for use with, 918 
Microcolorimetric analysis, quantitative, in 
final volumes of 0.15 c.e., simple 
apparatus for, 215 
estimation of plasma proteins, 296 
Mieromethod for determination of albumin- 
globulin ratio in guinea pig serum, 
1500 

Microprecipitating unit for blood and tissue 
proteins, 213 

Microscrew clamp for use with Mohr type 
micro burettes, 918 

Migraine, treatment of, with histamine, 1548 
Mitochondria and their relation to so-called 
hyaloplasma, 700 

Mohr type of microburettes, microscrew clamp 
for use with, 918 

Mononucleosis, infectious, hepatic function in. 
1523 

hepatitis without jaundice in, 320 
Mouse, alloxan diabetes in, 1258 
Mucus in tissue sections and smears, perma- 
ment metachromatie staining of 
905 ' 

Murine typhus, serologic response in, as meas- 
ured by Wei l-Felix, rickettsial com- 
plement fixation, and rickettsial 
agglutination reactions, 300 
Murray artificial kidney, experiences with, 
1434 
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Muscle, striated, acetylcholine and potassium 
sensitivity of, effect of alkaloids 
on, 137-1 

Mycobacterium tuberculosis, use of modified 
Dubos and Davis medium for dem- 
onstration of antibiotic activity 
and subtilin against, S3 7 
Myocardial infarction, analysis of immediate 
mortality in 572 cases of, 325 
dieumurot in experimental, 1-117 
Myocarditis, serum-induced, in rabbits, effect 
of antihistamine drugs upon, 37!) 
Myeloma cell cytology revealed by histochcni- 
ical methods, 1 12S 

plasma cell, study of sternal marrow and 
peripheral blood of patients with, 
167 

N 

Nausea and vomiting, effect of rate of ad- 
ministration of amino acid prepa- 
rations and blood amino acid ni- 
trogen level on production of, S5P 
Nasal cavity, bacteria in, method of counting, 
5G6 

washings, apparatus and method for obtain- 
ing, 1016 

Neisseria gonorrhea, culturing, under partial 
carbon dioxide tension, simple ap- 
paratus for, 576 

Nephrotoxic action of df-serinc in rat, studies 
on, 1130 

Nitrogen balance, -137 

metabolism, studies in, 1103 
mustard, preliminary icport of a, 1131 
Nocturnal gastric secretion in duodenal ulcer, 
effect of radiation therapy on, 311 
Nonprotein nitrogen, rapid titrimetric micro- 
method for determination of, 1031 
Nontropical sprue, folic acid therapy in, 1231 
Nutrition survey of Viennese civilians under 
United States occupation, 1915, 
1170 

Nutritional deficiency, hypoprotcinemia due 
to, serum proteins in, 130 

O 

Opiates, microanalysis of, by x-ray diffrac 
tion, 91 

Osteopetrosis, serum phosphatase in, 1511 
Oxygen, effect of, on malaria, 57 

P 

Pancreas, effect of alloxan upon the human, 
317 

Pancreatic disease, diagnosis of, by enzymo 
tests, 1107 

edema, transition of, into pancreatic necro- 
sis, 152S 

islets of Langerhans, insulin depression and 
carbohydrate excitation of, 1111 
Parasites, malaria, simple method of staining, 
89 

Parasitic organisms, reactions of various, in 
tissues, to the Bauer, Peulgen, 
Gram, and Gram-Wcigert methods, 
76 


Patent ductus arteriosus, surgery in, results 
of, 329 

Pathology, renal, study of hypertensive pa- 
tients pre- and post sympathectomy 
with reference to, 1509 

Pantothenic acid, utilization of, during lac- 
tation, 1151 

Pellagra, metabolic complexities of, 128 

Penicillin fractions G ami X, sensitivity of 
Eberthella typhosu to, 190 
in beeswax and peanut oil, absorption and 
therapeutic use, 31 

in oil and beeswax, treatment of lobar pneu- 
monia with, 1529 

treatment of subacute bacterial endo- 
carditis with, 1529 
in syphilis, 172 (B. Rev.) 
in treatment of actinomycosis, 1105 
intramuscular administration of, enhance- 
ment of blood levels by caron- 
ainide during, S07 

its practical application, 220 (B. Rev.) 
level determinations in urine, anomalous 
findings in, 1356 

levels in body lltiids, a water-soluble prepa- 
ration for prolonging effective, 
S3 2 

plasma concentrations, enhancement of, by 
earonamide and sodium benzoate, 
SIS 

rectal absorption of, 1533 
streptomycin, trivalent organic arsenical*, 
and other bactericidal and bac- 
teriostatic agents, assay of. 111 

Peptic ulcer, combined antacid therapy in, 
1527 

Peripheral vascular diseases, 222 (B. Rev.) 

Peritoneal irrigation for acute renal damage 
following incompatible blood trans- 
fusion, 9SS 

in treatment of renal failure due to trans- 
fusion reaction, 9S2 

Pernicious anemia and susceptibility to gas- 
tric neoplasms. 641 

conjugated folic acid in, nonutilization 
of, 336 

folic acid in maintenance of, 970 

occurrence of combined system disease in 
persons with, during treatment 
with the Lactobacillus casci factor, 
335 

pteroyl hexaglutamyl glutamic acid 
(vitamin B 0 conjugate) in, 337 

pteroylglutamic acid in treatment of, ex- 
perience with, 622 

treated with synthetic folic acid (pteroyl 
glutamic acid), combined system 
disease and hematologic relapse oc- 
curring in, 1426 

treatment of, with pteroyl glutamic acid, 
1427 

urinary phenols in. 1242 

Pernio: an instance of apparent recovery, 
1550 

Phagocytosis, role of, in resistance, as related 
to age of granulocytes following 
primary and reinfection studies 
with hemolytic streptococci in 
Macacus rhesus, STS 
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Phcoehromocytonia, histamine test for, fur- 
ther studies with, lull) 

Phosphatases and inorganic phosphorus m 
normal Human scrum, 1J‘1 
Photoelectric determination of magnesium m 
body fluids, 1027 . 

Piperazine derivatives, elfect of, against natu- 
P rally acquired filarial infections m 

cotton rats and dogs, 130-1 
Pituitrin, sensitivity to, effect of serum pro- 
tein depletion on water and salt 
excretion and, 1537 _ . 

Plasma and urine, inulin in, determination of, 
1159 , , 

cell myeloma, study of sternal marrow and 
peripheral blood of patients with, 

penicillin concentrations, enhancement of, 
by caronamidc and sodium ben- 
zoate, 818 . 

proteins, microcolorimctric estimation or, 
296 

Pneumonia, lobar, treatment of, with peni- 
cillin in oil and beeswax, 1529 
pneumococcal, susceptibility of mice to, ef- 
fect of pulmonary edema on, 1400 
primary pneumococcic, evaluation of treat- 
ment of, 333 

Pneumococci, differentiation of, from Alpha 
hemolytic streptococci, modified 
technique for, using sodium de- 
soxycholate, 572 
Pneumococcus, type III, surface phagocytosis | 
of, 1406 

typing sera, use of dried antigen prepara- 
tions for testing, 104 

Pneumonectomy, cure of pulmonary arterio- 
venous fistula with secondary poly- 
cythemia by, 330 

Polyarteritis nodosa occurring in infant, 
aneurysms of coronary arteries 
due to, 1513 

Potassium content of normal cerebrospinal 
fluid, 1486 

determinations in health and disease, 1208 
Potency of U. S. P. reference standard for 
vitamin D, 1251 

Pregnancy, effect of, on complement of guinea 
pigs, 287 

German measles during, effect of, 1536 
skin in, vascular changes in, progress re- 
port on study of, 1400 

Preservation of bacteria, simplified method 
for, by desiccation in vacuo, 1008 
Pressure in portal vein, factors influencing, 
as measured in intact animal, 1401 
Pressures in man, multiple, instrument for 
recording, 921 

Protein metabolism in rheumatoid arthritis, 
1551 

Protein-deficient patients, nitrogen balance in- 
dex of a new- lyophilized casein 
acid hydrolysate in determination 
of, 1538 

Proteins, blood and tissue, microprccipitating 
unit for, 213 

in mixed diets for dogs, rats, and human 
beings, comparison of nutritive 
value of, 403 


Proteins — Cont’d ' . „ 

plasma, microcolorimctric estimation of, ->0 
serum, in acute infections, 1002 . . 

Prothrombin time and variables m the 
method, 554 

studies on human beings and experimen- 
tal animals, 410 

Ptcroylglutainie acid and certain related com- 
pounds, urinary excretion of, 13o0 
and its hexaglutamyl conjugate metabolic 
function of, 3, 23 

treatment o£ pernicious anemia with, 14^/ 
hexaglutamyl glutamic acid, utilization of, 
in pernicious anemia, 337 
Pulmonary arteriovenous fistula with second- 
ary polycythemia, cure of, by 
pneumonectomy, 330 
fibrosis, chronic bilateral basal, 1543 
infarction, experimental, 1417 
Pulsating perfusion apparatus, 300 
Purpura, essential thrombocytopenic, 618 
following estrogen therapy, 606 
rutin in, 340 


Q 

Quantitative determination of amphetamine, 
913 

Quinine, rapid continuous extraction and de- 
termination of, 196 

R 

Radiation, ionizing, delivering, to discrete tis- 
sues, direct infiltration of radio- 
active isotopes as means of, 1442 
morphologic changes in lymphocytes of 
persons exposed to, 1045 

Radioactive isotope An 13 *, colloidal gold con- 
taining, in selective internal radia- 
tion therapy of diseases of lym- 
phoid system, 1437 

isotopes, direct infiltration of, as means of 
delivering ionizing radiation to 
discrete tissues, 1442 

phosphorus, p 32 : a six-year clinical evalua- 
tion of internal radiation therapy, 
943 

Radiosensitivity of erythroblasts, 654 

Rat, blood pressure in, new method for indi- 
rect measurement of, 1090 
measurements in, comparison of, as 
obtained by use of tail and foot 
methods and by direct femoral 
puncture, 1099 

bone marrow biopsy from, method of, 102 

dl-serine in, nephrotoxic action of, studies 
on, 1130 

heart rate in, determination of, 1284 

Recording multiple pressures in man, instru- 
ment for, 921 

Red blood cells, diffraction method of meas- 
uring, 857 

Renal damage, acute, following incompatible 
blood transfusion, peritoneal irri- 
gation for, 988 

disease, blood and bone marrow findings in 
1429 
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Renal — Cont’d 

failure due to transfusion reaction, peri- 
toneal irrigation in, 082 
functions, specific, of glomerular infiltra- 
tion, maximal tubular excretion 
(or reabsorption), ami ‘‘effective 
blood How,” method of determin- 
ing, using a single injection of a 
single substance, 931 
hypertension, 221 (B. Kev.) 

experimental, present status of therapy 
of, 327 

Benin and angiotonin, failure of isolated per- 
fused mammalian heart to destroy, 
1-182 

Reproductive cvele, metabolism of women dur- 
ing,' 1-15-1, 1102 

Reticuloendothelial origin of bone marrow 
plasma cells in hypersensitive 
states, 749 

Reticulum staining with SeliiiV reagent after 
oxidation by acidified sodium 
periodate, 91*0 

Rh agglutinogen, influence of heat and for- 
malin upon, 178 

antibody, activation of the incomplete, by 
blood serum of full-term and pre- 
mature newborn infants, 1330 
two popular fallacies regarding, -123 
typing, rapid technique for, 102-1 

Rheumatic fever, acute, aeetylsalievlate ther- 
apv of, biochemical findings in, 
132S 

Russell viper venom, use of, as means of fol- 
lowing anticoagulant action of 
3,3'->lethylenebis ( 4-hydroxyeou- 
marin) in dog, 90 

Rutin in purpura, 3-10 

S 

Salicylates in blood, determination of, simple 
method for, 12S2 

Salmonella cultures, serologic diagnosis of, 
simplification of, 5-1S 

Scliitf reagent, reticulum staining with, after 
oxidation by acidified sodium pe- 
riodate, 910 

Schlesinger ’s test for urobilin iu presence of 
riboflavin and other fluorescent 
compounds, 1503 , 

Secretion, pituitary-adrenal cortical, altera- [ 
tions produced in lymphoid tissue i 
by, evaluation of, 58-1 

Sedimentation rates, normal, in active pul- 
monary tuberculosis, 52G 

Sera, blood grouping, production of potent, 
1275 

pneumococcus typing, use of dried antigen 
preparations for testing, 104 

Serum, albumin and globulin fractions in, 
chemical estimation of, 1203 
antitularense, 332 

biliverdiu concentration- in various types of 
jaundice, study of, 481 
guinea pig, albumin-globulin ratio in, micro 
method for determination of, 1500 
normal human, phosphatases and inorganic 
phosphorus in, 194 


Serum — Cont ’d 

phosphatase iu osteopetrosis, lull 
protein depletion, effect of, on water and 
stilt excretion and sensitivity to 
pituitrin, 1537 

fraction responsible for thvmol turbidity 
test, 311 

proteins iu acute infections, 1002 

in hypoproteinemia due to nutritional de- 
ficiency, 130 
studies in, 1203 

Shigella, rapid identification of, iu public 
health laboratory, 349 

Sickle cells, survival of transfused, in nor- 
mal subjects and of normal red 
blood cells in patients with sickle 
cell anemia, 1397 

fid; in in pregnancy, vascular changes in, prog- 
ress report on study of, 1400 

Skin-whealing reactions, dermal plethysmo- 
graph for recording, 13S7 

-Sodium benzoate, enhancement of plasma 
penicillin concentrations by, SIS 
potassium and, determinations in health and 
disease, 1208 

turnover, rates of, in normal subjects and 
in patients with congestive heart 
failure, 1109 

Sprue, iiontropieal, folic acid therapy in, 1231 
vitamin M group (fermentation factor) in, 
j evidence for activity of a second 

1 member of. 3S7 

| Sputum, cytologic studies of, in bronchogenic 
I carcinoma, 1543 

i -Staining malaria parasites, simple method of, 

■ S9 

permanent metachvomatic, of mucus iu tis- 
sue sections and smears, 905 
reticulum, with Sc hi If reagent after oxida- 
tion bv acidified sodium periodate, 
910 

Sterility of surgical catgut sutures, fluid tllio- 
glycollate medium for testing, 

1 153 

Sternal marrow, quantitative cytologic study 
of multiple samples of, taken 
simultaneously, 741 

-Stilbestrol. hypersensitivity to, purpura fol 
lowing estrogen therapy, with par- 
ticular reference to, (306 

Stools, benzidine-negative, during iron ther- 
upv, 1S1 

Streak plate method for determining growth 
curves, 1 13.9 

Streptococci, beta hemolytic, expulsion of, by 
sneezing, 153-1 

Streptomycin containing a hisfaminc-like fac- 
tor, pharmacodynamic _ effect in 
man, 42 

resistance of Brucella suis and Bberthclla 
typliosa, 1534 

Subtilin, antibiotic activity of, use of modi- 
fied Dubos and Davis medium for 
demonstration of, against myco- 
bacterium tuberculosis, S37 

-Sudan black B and May-Griinwald Giemsa, 
leucocyte granules after staining 
with, studies on, 355 
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Button- and sulfanihmilide derivatives, unti- I 
bacterial activity of sonic, 13(51 | 

.Sulfonamide, laboratory and clinical observa- 
tions on use of a new, 1*33(1 
mixtures and sulfonamides plus alkali 
* crystalluria following, loll'd 
Surgical management, early ambulation and 
related procedures in, 108 (B. 

Rev.) 

Syndromes, human disease, hypersplemc 
mechanism in, furtlier studies of, 
1399 

Syphilis, penicillin in’, -172 (B. Rev.) 

T 

Telangiectasis, hereditary hemorrhagic, in as- 
sociation with cerebral manifesta- 
tions and pulmonary arteriovenous 
aneurysm, 1401 

Temperature and humidity, sudden changes in 
environmental, physiologic adjust- 
ments to, of healthy young sub- 
jects and cardiac patients, 150S 
Test fluid for control of gold reaction, 579 
Tetraetliylammonium chloride, effect of, on 
blood flow in extremities of nor- 
mal individuals, 1419 
on mixed type of hypersensitive carotid 
sinus syndrome, 1491 
relief of causalgia by, 1422 
ion, evaluation of vasomotor tone in ani- 
mals and man by means of, 311 
Thiamine excretion in the aged, relationship 
of gastric acidity to, 118 
Thiouraeil and propylthiouracil, comparative 
clinical study of, 392 - 
Thorotrast, aplastic anemia following admin- 
istration of, 147 

3,3-Diethyl-2,4-dioxotetrahylropyridine, study 
of, 895 

3,3TnethyIenelffs (4 hydroxycoumarin), effect 
of, on vitamin A deficient ducks, 
532 

3,3'-metliylenebis (4-hydroxycoumarin) in 
dogs, use of Russell viper venom 
as a means of following anti- 
coagulant action of, 90 
3,4,Dimethyl-5-sulfanilamido-isoxazole (NU 
445), laboratory and clinical obser- 
vations on use of, 1530 
Thrombocytopenic purpura, essential, 018 
Thrombosis, blood coagulation-retraction time 
"find its relation to, 1424 
Thymol test of Maclagan, standardization and 
adaptation to the Evelyn photo- 
electric colorimeter, 1266 
turbidity test, mechanism of, 475 

scrum protein fraction responsible for 
314 

Tissue, local injury to, quantitative hypo- 
thermal method for, 1312 
lymphoid, _ alterations produced in, by 
pituitary -adrenal cortical secretion 
evaluation of, 5S4 * 

’ Tissues, reactions of various parasitic or"an- 
isms in, to the Bauer, Feulgen, 
Gram, and Gram-Weigert methods’ 
(0 ’ 


Titriinetrie mieromolhod, rapid, for determi- 
nation of uonprotciu nitrogen, 
Kl’.U 

Toxicity of gold, effect of 2,3-dimercaptopro- 
panol on, 1304 

Transfusion reaction, renal failure due to, 
peritoneal irrigation in treatment 
of, 982 

Tubercle bacilli, cultivation of, from patho- 
logic material in Dubos media, fur- 
ther observations on, 842 

Tuberculosis, active pulmonary, normal sedi- 
mentation rates in, 52(3 
mycobacterium, use of modified Dubos and 
Davis medium for demonstration 
of antibiotic activity of subtilin 
against, 837 

2,3-Dimerenptopropanol (BAL), effect of, on 
toxicity of gold, 1394 

Typhus vaccine, vaccination with, anaphylac- 
tic shock in egg-sensitive individ- 
uals following, 109 

Tyrosine, tryptophane, and thiouraeil, effect 
of, on melanuria, 1254 

U 

Dicers, hypertensive-ischemic," 323 

Ultrafiltrate of blood, experimental method 
for obtaining an, 461 

Uremia, treatment of experimental, by intesti- 
nal lavage, 1434 

Urethane, effect of, on leucemia, 1394 
experiences with, in malignant disease, 1431 

Uric acid in serum and whole blood, estima- 
’ tion of, by electrophotometric 
modification of Folia ’s method, 
1382 

Urinary excretion of pteroylglutamic acid, 
1350 

nitrogen, effect of methionine upon, in hu- 
man beings at normal and low 
levels of protein intake, 322 
phenols in normal subjects; effect of liver 
extract, 1248 

in pernicious anemia, 1242 
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